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ENGINEERING. 


PLANT FOR TESTING FULL- 
SCALE COMPONENTS FOR 
GAS TURBINES. 

By R. C. McLeop, A.C.G.1., M.I.Mech.E. 


Ly the first of the series of James Clayton Lectures | 


at the Institution of Mechanical Engineers, Air 
Commodore Frank Whittle, who was awarded the 
K.B.E. in the recent Birthday Honours List, 
pointed out, in describing the early development 
of his system of jet propulsion, that most of the 
components used in the unit were designed very 
largely on optimistic assumption, with no actual 
data on which to base what might be regarded 
as a more final design. The assumed efficiencies 
for compressor and turbine were higher than 
engineers were used to, and, to make the gas 


turbine a success, some means had to be found for 
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approaching as nearly as possible to the assumed 
figures. If it had been possible to drive the com- 
pressor separately so that its characteristic could 
have been obtained, it is probable that the first 
step would have been a systematic research towards 
producing the best possible compressor. As no 
method of driving was available, a complete self- 
driving gas turbine has to be made, and, from the 
figures obtained on test, the component efficiencies 
were deduced. Fortunately, this method of de- 
velopment was good enough to produce the first 
flying unit, but there was always the need to know 
more about the compressor at mass flows other than 
that fixed by the turbine when the compressor 
formed a component of a gas-turbine unit. 

In 1941, the Ministry of Aircraft Production 
sanctioned the building of a compressor test plant 
at the Whetstone, Leicester, Works of Power Jets 
Limited, now the National Gas Turbine Establish- 
ment, The powers involved are very large in propor- 
tion to the speeds, and, for this reason, such a plant | 
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unless the motor has its speed multiplied by a gear. 
Since the speeds required are of the order of 18,000 
r.p.m., with powers of 6,000 h.p., it will be seen that 
a gear for this use is rather outside the range of 
ordinary engineering. The plant has been designed, 
therefore, so that the turbine drives the compressor 
directly. 

The first scheme considered was one to use a gas 
turbine of some sort, but, as the whole plant was 
intended for research into the manufacture of gas 
|turbines, obviously it would take some time to 
levolve a gas-turbine plant large enough for the 
required duty. To minimise the length of time 
required for development, consideration was given 
to taking advantage of the work already done in this 
field by Messrs. Brown, Boveri. This proposal was 
to use a compressor which fed 78 per cent. of its 





is beyond the reach of test with an electric motor, | 





output to the gas turbine that drove it, leaving 


i= Z| 
7 Ge eee a SS 
aS Ss —— SS 


{ = LW, 


ae 


SP L>> 


Ge VY 

RRGE WAIN 
Yo, 
NSS era 


arn 
1 


4a 
S 


SS 


in 
os 
SSossssosssssss 


mS 


S 
SANSA 


\. 








22 per cent. of the output to be tapped off and used 
to supply a combustion system which, in its turn, 
fed hot gas to a small gas turbine capable of running 
at the speeds required. A plant of this kind 
could be produced with the existing knowledge 
of gas turbines, and calculations were made, using 
the data given in a paper read before the Institution 
of Mechanical Engineers in 1939 by Dr. A. Meyer.* 
Using his figures of turbine and compressor efficiency 
and maximum temperature for safe running, a gas 
turbine of 18,000 h.p. would be required to provide 
enough air for driving experimental compressors. 
To see whether such a plant could be obtained, an 
inquiry was sent to Messrs. Richardsons, Westgarth, 
the British licensees for Messrs. Brown, Boveri. 
Owing to the difficulties which then existed of 
interchange of information with Switzerland, they 
were unable to help; consequently, it was decided 
to use a specially designed steam plant, which could 


* See ENGINEERING, vol. 147, page 247 (1939). 
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be expected to be available for service with the 
minimum amount of development. 

There were La Mont boilers, already developed 
and in production, which could give the steam quan- 
tity required and which possessed the necessary 
flexibility ; it only remained to devise a suitable 
steam turbine for running at the speeds required. 
A further justification for using steam plant was its 
ability to use a home-produced fuel ; in this instance, 
creosote pitch, burnt in ordinary fuel-oil burners. 
The boiler generates steam at a working pressure of 
400 Ib. per square inch, superheated to 750 deg. F. 

Ordinarily, turbines of 6,000 h.p. do not run at 
speeds as high as 18,000 r.p.m., but there is no real 
difficulty in designing a steam turbine for those 
conditions, provided that the steam pressure is high 
enough, if no attempt is made to work with an 
exhaust pressure which is too low. Consequently, 
the turbine was designed to work on fuil load with a 
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vacuum of only 15 in., which, with a double-flow 
exhaust, results in a blade length which does not 
involve unduly high stresses. Based on ordinary 
standards, the condenser is really too small for the 
turbine, so that, at full load, only 15 in. vacuum is 
obtained; but, at light loads, the vacuum rises 
to that appropriate to the cooling-water tempera- 
ture. As the load developed by the turbine is 
adjusted by controlling its inlet pressure, the unit 
runs with a practically constant heat drop, regardless 
of the load. 

The turbine, which was made by the English 
Electric Company, was specially designed for this 
work and has a diameter over the blade tips of 13 in. ; 
the drum on which the blades are mounted is only 
8 in. in diameter. It is really two similar turbines 
made to opposite hands, with their exhausts facing 
each other and joining into a common outlet branch. 
Fig. 1 shows a longitudinal section of the turbine. 

Owing to the very small inertia of the turbine, it 
was necessary to mount the trip valves directly on 
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the turbine cylinder to minimise the amount of 
trapped steam between the trip valve and the nozzles. 


A further requirement was that the valves should | “*°: 


shut with the minimum time lag, and both at the 
same moment; if one closed before the other, one 
of the thrust bearings of the turbine would be sub- 
jected to a very heavy load. To minimise the time 
lag, the oil system by which the valves are held open 
was devised so that, when the oil pilot valve is 
tripped, the oil pressure is removed from the surfaces 
on which that pressure acts, without the flow of 
appreciable quantities of oil. As soon as these 
surfaces are relieved of their oil pressure, the steam 
valve can start to close without the displacement 
of oil from the vessel which contains it; thus the 
inertia of the column of oil in the pipe does not 
hinder the rapid movement of the valve. In effect, 
the volume of the vessel remains unaltered and the 
pressure surface moves within it. By using an 
arrangement such as this, which is shown diagram- 
matically in Fig. 3, herewith, if one valve closes, the 
oil pressure is removed from the surface by which 
the other is held open. It is impossible, therefore, 
for one valve to close before the other. Of course, 
when this system is used, it is necessary to reset 
both valves together. When one is held in the 
open position, the other will be reset when pushed 
into that position. This is done by the resetting 
spindles, which extend through the covers. Arrange- 
ments have been made so that power can be taken 
from either end of the turbine, and by this means it 
is possible to drive a compressor in the altitude 
test chamber, or a compressor for supplying air to 
the combustion system that provides the motive 
power for gas turbines which are being tested sepa- 
rately for brake horse-power. 

The altitude chamber is a concrete cell designed 
to withstand the atmospheric pressure externally ; 
the compressor under test is mounted in this cell, 
and air admission into the cell is controlled in such 
a way that the cell pressure can be varied at will. 
The air from the compressor is taken out through the 
end of the cell to atmosphere. The compressors 
used on the original Whittle jet unit gave a pressure 
ratio of approximately 4, so that it is possible to 
run with a pressure in the cell of a quarter-atmos- 
phere when the temperature in the cell is atmos- 
pheric, This pressure is equivalent to an altitude 
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of nearly 33,000 ft. Taking advantage of the 
ratio available between the inside and the 
outside of the cell, arrangements have been made 
to reduce the pressure in the cell by passing the air 
through a turbine which drives a brake. In so 
doing, the work is done by the turbine at the expense 
of the temperature of the air, which results in the 
outlet temperature from the air turbine being very 
much reduced. If dry air were fed to the turbine, 
the temperature of the air-turbine exhaust would 
be almost exactly the same as the temperature at an 
altitude corresponding to the pressure in the cell. 
To do this, the air-turbine efficiency has to be of 
the order of 70 per cent. The layout is shown 
diagrammatically in Fig. 2. 
The control of this simple refrigerating plant is 
obtained by varying the nozzle area of the air 
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turbine. If high-altitude conditions are to be 
simulated, a small nozzle area is used on the turbine 
and the mass flow is therefore reduced. This 
increases the pressure ratio on the air turbine and, 
naturally, gives a greater heat drop through the 
turbine. It is fortunate that the product of mass 
flow and heat drop is nearly constant over the whole 
range of pressure ratios from 2 to 5, and, conse- 
quently, the power developed by the air turbine 
changes very little over this range. There is, 
therefore, no need to adjust the power-absorbing 
brake, which is an ordinary fan-brake ; the slight 
changes of power are met by small changes in the 
speed. As the inlet temperature to the compressor 
falls, the compression ratio which the compressor 
can give at any fixed speed increases, and, at the 
temperatures which obtain at altitude, the theoreti- 








_—JSWUWUo eS 


om 





aw & 


wii wewew = 


SS OO 





JULY 2, 1948. 


PLANT FOR TESTING COMPONENTS 





Fia. 4. 





ENGINEERING. 





OF 









zs 


Z 
Hi 
Z 
y 
WLLL 











(9299-F) 


cal compression ratio at its maximum speed 
approaches 5. This enables the test-cell to reach 
an equivalent altitude of nearly 40,000 ft. 

One of the problems associated with low- 
temperature air is that due to ice formation ; the 
moisture content of air at ordinary temperatures 
will be deposited in the form of ice when the tem- 
perature of the air has been reduced sufficiently. 
In this plant, it was hoped that a large proportion 
of the moisture would be collected by deposition 
on the tubes of the heat exchanger before the air 
entered the turbine nozzles. The heat exchanger is 
interposed between the outlet of the air turbine 
and the altitude chamber, the air leaving the turbine 
flows through tubes to the cell at sub-atmospheric 
pressure, and the air entering the turbine at atmo- 
spheric pressure flows around the outside of the 
tubes, that is, across the tube nest. The pitch of 
the tubes is sufficient to allow considerable accretion 
of ice before the space between them is seriously 
restricted, and arrangements have been made to 
collect the water which is drained from them when 
the tube nest is thawed. To provide a second line 
of defence incase the heat exchanger failed to 
collect all the moisture, space was allowed for a 
bed of silica gel or activated alumina, through 
which the air could be passed, to pick up as much as 














possible of the moisture which passed the heat 
exchanger. So far, this has not been put into 
operation and, although considerable quantities, of 
snow appear in the altitude chamber, there has 
been no trouble with icing of the air turbine. The 
effect of moisture in the air is to reduce the refrigerat- 
ing effect produced in the air turbine, as the latent 
heat of evaporation is given up when the moisture 
is condensed. The effect is the same whether 
the moisture is deposited by heat interchange or 
by @ physico-chemical process such as silica gel or 
activated alumina; therefore, the lowest tempera- 
tures cannot be expected on days when the humidity 
is high. In winter weather, when the atmospheric 
temperature is below freezing, a reasonable approach 
can be made to altitude conditions. 

The air pressures, mass flow, temperatures, etc., 
of the compressor under test are measured by the 
usual instruments. The power input is calculated 
by measuring the torque reaction on the compressor, 
which is mounted so that it is free to turn about an 
axis which is co-axial with its shaft. An arrange- 
ment of ball-bearing rollers supports the compressor, 
and the air leaving it has its energy destroyed in an 
energy dissipator mounted on the assembly on 
which the torque reaction is being measured. 
Care is taken to ensure that the air leaves tho 
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energy dissipator in a truly radial direction in order 
to avoid any danger of false torque-reaction readings. 
As an additional precaution in this respect, the air 
is made to leave the energy dissipator at the lowest 
possible velocity. 

To allow for slight errors in alignment between 
the turbine, the driving shaft and the compressor, 
flexible couplings are used. Between the turbine 
and the driving shaft there is a short tubular floating 
shaft with a flexible coupling at each end. At the 
compressor end of the shaft, there is a flexible 
coupling close to the ball bearing on the compressor, 
and the length of the shaft between this coupling 
and the supporting bearing of the shaft is sufficient 
to flex by any amount which might be required, 
so that, in this case, a floating shaft is not necessary. 
All the couplings are of the tooth type, which can 
be relied upon to flex a reasonable amount but which 
cannot be expected to move axially, when full torque 
is applied, without the application of considerable 
force. 

If the position of the compressor in the cell were 
fixed axially, the expansion of the shaft would make 
it necessary for the flexible couplings to slide axially, 
and since, as already mentioned, appreciable loads 
are required to do this, the compressor and turbine 
bearings would be subjected to unknown loads. 
To avoid this contingency, the axial position of the 
compressor is controlled by the shaft itself, and the 
couplings have been arranged so that they have very 
little axial float ; just sufficient, in fact, to allow 
them to flex by the required amount. This method 
of mounting and location is perfectly satisfactory, 
provided that no external axial loads are applied 
to the compressor casing, as, of course, these would 
load the bearings. Conditions creating such a 
load would arise if the compressor were being run 
sub-atmospherically. 

The pipe which passes from the compressor cell to 
the atmosphere is 10 in. in diameter, and this area, 
multiplied by the pressure difference between the 
inside and outside of the cell, represents a load of 
875lb. To balance this, there are two compensating 
cylinders fitted to the test-cell door, with a total 
area equal to that of the 10-in. pipe. These com- 
pensating cylinders are attached to the compressor 
by stranded cables in such a way that they neutralise 
the axial thrust without having any effect on the 
torque-reaction readings. Fig. 7, on page 12, shows 
a compressor being fitted in the cell, and Fig. 8 on 
the same page, is a view inside the cell. 

As mentioned previously, the steam turbine is 
used to drive an air compressor which feeds the 





air to a combustion system for testing gas turbines. 
The gas turbine to be tested is mounted in a volute 
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casing by which the heated air is uniformly distri- 
buted to its nozzle ring. The brake horse-power 
is measured by a compressor, similar to that used 
on the jet-propulsion unit, mounted in the same 
way as the compressor which is being tested in the 
altitude chamber ; as before, the power is calculated 
by torque-reaction measurement. To vary the 
load on the power-absorbing compressor, and to 
avoid the danger due to surging with it at reduced 
mass flows, the control is arranged on the inlet 
side of the compressor. The outlet from this 
compressor is unrestricted, so that the mass flow is 
well beyond the surge point. By varying the inlet 
pressure, a very large range of power absorption 
can be covered without fear of surge. Safety 
devices have been arranged so that, in the event 
of an overspeed of the gas turbine, a trip governor 
will check the fuel of the combustion system which 
supplies it ; it will then continue to run on cold air. 
If, in an extreme emergency, it is necessary to shut 
down completely, remote-control arrangements 
Gave been made by which the main steam turbine 
can be tripped from any point in the test house ; 
and, when the main steam turbine trip valves close, 
the fuel is also cut off the boiler to avoid wasting 
feed water due to the safety valves blowing. Fig. 9, 
on page 12, shows the gas turbine testing rig. 

A boiler having such a high evaporative capacity 
in relation to its water content needs a feed-water 
control which is quick and accurate. As originally 
supplied, the boiler of this plant was fitted with a 
Copes regulator of the ordinary kind, which was 
arranged to work in conjunction with a Flowmatic 
control, consisting of a spring-loaded diaphragm 
having its opposite sides shunted across the super- 
heater. It was intended to open the feed-water 
valve by the required amount without calling on 
the regulator, the action of which depends on 
a change of water level, followed by expansion 
of a brass tube. The full-load opening of the feed- 
water valve is more than could be met by the 
travel of the regulator, even with extreme changes 
of water level. The pressure drop through the 
superheater was supposed to deflect the spring 
controlling the diaphragm, thus causing the feed- 
control valve to open. All that can be said in 
favour of this arrangement was that the valve 
tended to open in the right direction, but the degree 
of opening had no proper relation to the actual re- 
quirements. In the first place, the pressure drop 
through the superheater is more likely to obey a 
square law than a linear one, but it is quite obvious 
that a linear-law device would be more suitable ; 
consequently, the Flowmatic control was dis- 
connected and replaced by a spring-loaded piston 
working in a cylinder. The pressure which operates 
this piston is the nozzle pressure of the turbine 
which, of course, is proportional to the steam 
quantity. A floating lever has the spring-loaded 
piston attached to one end, and the Copes regulator 
attached to the other. A point between those two 
attachments is linked to the feed-control valve. 
Practically all the movement required for feed 
control is provided by the spring-loaded piston ; 
the Copes regulator only acts as a water-level trim- 
mer. The piston is not operated directly by steam, 
but by water at the steam pressure, a water-cooled 
condensing coil being fitted in the line between the 
nozzle belt and the cylinder. This feed control 
covers the whole effective range of the boiler without 
any manual adjustments, and hetween the lightest 
and heaviest loads on the boiler there is only about 
1 in. change of water level. 

An essential difference between the case of a 
compressor being driven by the rig turbine and the 
condition of the same compressor being driven by 
its own gas turbine is that a mechanical failure of 
the compressor deprives the gas turbine of its 
motive power, and, therefore, no provision of safety 
devices is . Because of the high torque- 
inertia ratio of the steam-turbine rotor, it has 
been an absolute necessity to devise a mechanism 
which will cut off the steam supply to the turbine 
in the event of an impeller failure, as the small 
time-lag between the action of the overspeed 
governor and the actual shutting of the valves is 
enough to cause a considerable overspeed if the 
turbine is suddenly deprived of its load. The 
arrangement used is one which is sensitive to 
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vibration, and it is known from experience that 
vibration is always present when an impeller fails. 
It was hoped that the vibrations occurring when the 
impeller began to fail would cut off the steam before 
the impeller was broken completely clear of the shaft. 
The shaft itself has a weak place in it, made by turning 
@ groove at a point where a breakage would be least 
likely to damage the turbine. Most of the torque 
required to -make the shaft fail at the groove is 
provided by deceleration of the turbine rotor. 
Calculation shows that, at the mean radius of the 
blades, a figure of 136g is reached when the shaft 
breaks. The bending stresses induced in the blades 
by such decelerations are rather less than twice 
those due to the steam loading; since the steam 
bending stresses are moderate, should not 
be sustained by the turbine in the event of a com- 
pressor failure. 

Observation of wrecked compressors shows that 
brittle parts always break with heavy vibration, 
so, if an electric circuit is made through parts 
which are designed to be easily breakable, there is 
a reasonable certainty of the circuit breaking when 
the vibrations are of the violent kind which are 
associated with impeller failure. To this end, 
cast-iron bars are used, with a sharp groove turned 
in them, as part of the circuit ; one of the ends of 
these bars is fixed rigidly to each bearing housing 
of the compressor. Both bars are in series, so that 
failure of either will do what is required. In series 
with these two bars is another arrangement which 
is sensitive to disturbances of a less violent charac- 
ter; its object is to detect vibrations which might 
be caused by an incipient impeller failure or a ball 
bearing beginning to deteriorate. This part of the 
circuit consists of a solid-brass bobbin, about § in. 
in diameter and } in. long, with a point at each 
end. One point rests in a dent in a rigid plate, 
solidly fixed to, but insulated from, the blower 
casing, and the other point is held in a dent in a 
piece of springy brass fixed similarly to the blower 
casing. The sensitivity of this device is controlled 
by the tightness of the nip between the springy 
brass and the rigid plate. Not but i 
experience can show how tight this should be, but, 
after a number of “shut-downs”’ due to ordinary 
vibration, the desired setting has been found. 

This safety circuit is operated with 12 volts, 
and, while the current flows in it, a relay which 
controls a 250-volt circuit is held open. Interruption 
of the 12-volt lines closes the 250-volt circuit and 
energises a solenoid; this trips an oil valve and 
cuts off the oil pressure by which the steam valves 
are held open. It may be argued that the cast-iron 
bars are redundant, as they are less sensitive than 
the bobbin; but there is just the possibility that 
the bobbin might become short-circuited, and then 
the cast-iron pieces would be a welcome second line. 
Fig. 6, on page 3, shows the circuit diagram- 
matically. 

In addition to the automatic arrangements, the 
solenoid circuit can be energised from a number of 
points in the plant, so that, for instance, if the men 
in the compressor observation room see something 
requiring an immediate stoppage, they can take 
matters into their own hands. Fig. 10, on page 12, 
shows the turbine and oil-operated valve gear. 
The boiler controls are interlinked with those of 
the turbine so that the fuel is cut off at the same 
time as the steam. It has been found possible 
to drop off a load of over 4,000 h.p. instan- 
taneously, without the safety valves lifting. 

Interlinked with this safety device is a further 
safeguard, for preventing an overspeed from another 
cause. The valves which control the effective nozzle 
area of the air turbine are held open by oil pressure. 
It is evident that failure of this oil pressure would 
cause the valves to shut, and, therefore, the air 
supply to the compressor would suddenly be de- 
creased. This would certainly lead to surging of the 
most violent character, and to Aer etre unloading 
of the turbine, with consequent rapid acceleration. 
This possibility having been foreseen, it has been 
prevented by putting in the 12-volt circuit contact 
breaker, which is closed by the oil pressure operating 
the nozzle valve-opening mechanism. If, for any 
reason, the oil pressure fails, the 12-volt circuit 
breaks and everything is shut down. When the 
air turbine is not in use (as for sea-level testing), 





the air enters the altitude chamber through the 
hand-operated grid valve. Under this condition no 
oil pressure is required, and the oil-operated contact 
is short-circuited. This short-circuiting cannot in- 
advertently be left in operation when the air turbine 
is running, because it is impossible to start the oil- 
pump motor without first removing the short- 
circuiting link. 
So far, there has been a complete failure on only 
one compressor ; in this case, a large piece of the 
impeller broke off. The safety devices worked 
perfectly and the steam was cut off instantly. As 
might be expected, the deceleration of the rotating 
parts was very rapid, but it was not sufficient to 
cause serious damage to the shaft between the 
turbine and compressor; in fact, this shaft was 
fit for further use. A remarkable phenomenon was 
that the stub shaft on the impeller remote from the 
flexible coupling broke off and left the impeller 
dangling at the end of a flexible coupling. Neither 
the flexible coupling nor the stub shaft on the 
coupling side was damaged; and, on opening up 
the turbine, there was no evidence that the com- 
pressor failure had caused any damage. The static 
parts which are built into a compressor for test 
Pp were all destroyed, and it was three 
months before it was possible to run another 
compressor. The compressor was expected to run 
as usual, but there were violent vibrations and 
noises coming from the coupling. A 
number of experiments were made to try to locate 
the cause of the rough running, but these, for a 
long time, yielded no results. Eventually, it was 
decided to check the alignment of the shaft between 
the compressor and turbine, and it was found 
that, in the three-months’ period, the compressor 
end of the test cell had settled about } in. and 
the flexible coupling at the turbine end was trying 
to deal with this very large lack of alignment. 
Needless to say, it was badly fretted at the teeth, 
and had to be replaced. After correcting the 
alignment, further tests were run, and, when a 
few more adjustments were made, running was 
brought back to normal. 

A partial failure occurred on a compressor built 
for a test on an apparatus requiring alarge quantity 
of air at a relatively low pressure. A special double- 
impeller parallel-flow compressor was used, which 
was connected to the turbine at the opposite end to 
the test cell. The power required to drive this 
compressor was the maximum of which the turbine 
is capable at the speed limited by the compressor, 
namely, 12,000 r.p.m. The ing was satisfac- 
tory for some hours, and most of the test for which 
the compressor had been built was completed. 
While at full speed, the running to become 
rough and the automatic devices shut the turbine 
down, again without any damage to it. Damage 
to the compressor, however, was considerable, and 
it had to be rebuilt. 

These are the only two occasions when the auto- 
matic devices actually shut down the turbine due 
to compressor failure, but there have been a number 
of occasions when the plant has been shut down by 
the observers in the compressor observation room. 
Now that this quick shut-down arrangement has 
been shown to work satisfactorily, the operators 
have complete confidence in the safety of the whole 
plant. 

It was intended originally to allow the air leaving 
the compressor to escape to atmosphere through 
radial nozzles, and, between these nozzles and the 
compressor, there was to have been a valve by which 
the mass flow could be controlled. The drawback 
to the radial nozzle was that, with its high efflux 
velocity, the torque-reaction reading could be made 
unreliable by any deviation from true radial flow. 
In the new arrangement, much more radial escape 
area is provided and baffles are used with the object 
of guiding the air in a radia] direction. By so 
doing, any “spin ” in the air leaving the compressor 
is made to dissipate its angular momentum on the 
assembly which is having its torque reaction mea- 
sured, and the leaving area is relatively so large 
that the radia] velocity is of such a low order that a 
deviation from radial flow, if any, can only cause a 
small error. On its first test, the energy dissipator 
failed to function as intended, having too few 
baffles. There was far too much axial component 
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in the air leaving it, which created an end thrust 
that could not be safely sustained by the locating 
bearing in the compressor. 

At first, it was decided to add more baffles and 
to try again, but, while the baffles were being fitted, 
a further improvement was thought of, and this 
had the desired result when tested. The further 
improvement was to put a robust wire gauze inside 
and outside the dissipator; in the space bounded 
by the baffles and gauzes, steel turnings were packed. 
The dissipator then became a species of porous pot, 
which had the incidental advantage of being less 
noisy than it was without the turnings, though it is 
still very noisy. With a mass flow of about 37 lb. 
per second, the pressure inside is 20 in. of mercury. 
The flow is adjusted by a valve between the com- 
pressor and the porous pot, which can be adjusted 
from the observation room while running. Fig. 5, 
on page 3, shows the construction of the dissipator, 
and Fig. 4, on the same page, shows it in position. 

The existence of a compressed-air supply provid- 
ing considerable mass flows has made an opportunity 
for the Aerodynamics Section to do some larger- 
scale tests on supersonic flow than were possible 
before the rig was built. Two air supplies are 
available, one giving 105 lb. per second at 10 Ib. 
per square inch gauge pressure, and the other giving 
37 lb. per second at 45 lb. per square inch gauge 
pressure. The rig has been useful also in assisting 
the Combustion Department to do tests on combus- 
tion in sub-atmospheric conditions. The way 
this is done is to run a compressor in the test cell 
under altitude conditions, and to connect the test 


cell to the combustion system under test. A grid | 


of steel tubes, through which water is passed, is 
interposed between the combustion system and the 
test cell; this reduces the temperature of the air 
entering the cell very considerably. The tempera- 
ture of the air entering the compressor is very little 
higher, if any, than under ordinary conditions, 
because the quantity of air coming from the com- 
bustion system is diluted by the very much larger 
quantity of cold air which flows through the refri- 
gerating air turbine. A number of sub-atmospheric 
combustion tests have now been made, which would 
not have been possible but for this rig. 

In conclusion, it should perhaps be explained 
that this article was originally prepared in Novem- 
ber, 1945, while the writer was still employed by 
Power Jets (R. and D.), Limited. Since then 
certain additions and modifications have been made. 
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Mechanical Admittances and their Applications to Oscilla- 
tion Problems. By PRorEssoR W. J. DuncaAN, D.Sc., 
Aeronautical Research Council. Reports and Memo- 
rapda, No. 2,000. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 22s. 6d. net.] 

In the study of mechanical vibrations, the dis- 

turbing force and the characteristics of the struc- 

tural system constitute the principal factors, since 

a change in the force, or in the characteristics, or 

in both, may afford the best remedy in a given 

case. Thus a practical solution usually implies a 

working knowledge of a number of the mechanical 

sciences ; in the case of a railway bridge, for example, 
an acquaintance with the dynamics of a locomotive, 
as well as with the vibration of railway bridges, is 
essential. This interrelation of the mechanical and 
structural parts of the system indicates the place 
where the engineer may apply his practical experi- 
ence with the view to weighing in the balance of 
consideration questions associated with the strength 
of materials, prime movers, and the theory of both 
structures and vibrations. Thus the several branches 
of the subject together cover a wide field of study, 
into which vibrations of hydrodynamic or aero- 
dynamic origin also may enter. In all such instances, 
however, the remedial measures should include the 
prevention of synchronism between the frequency 
of the disturbing force and the natural frequency of 
vibration of the structure, since forced vibration of 
relatively large amplitude often accompanies such 
resonance. On this account, methods of computing 
the natural frequency of a given system are of 
particular interest, and especially the method 
devised by B. C. Carter, in 1936, for the treatment 


of engine-airscrew systems. In the subsequent 
amplification of this method, use is made of the 
close analogy between electrical circuits and mech- 
anical systems having equations of motion which 
are linear with constant coefficients ; and the idea 
of admittance of the circuit is thus carried over into 
applied mechanics, with the difference that the 
mechanical admittance is defined as the ratio of 
the amphtude of the displacement to the amplitude 
of the simple harmonic force associated with the 
displacement. 

Professor Duncan’s exposition of the method 
proceeds by easy steps, elementary applications 
being preceded by consideration of the important 
connection between the flexibility and the admit- 
tance of particular systems. Conciseness, too, 
characterises the development of the theory, as in 
the treatment of continuous deformable bodies 
given in Chapters IV and V, where the determination 
of the admittance involves the solution of the 
relevant differential equations of motion with the 
appropriate boundary conditions. This line of 
approach soon places the serious reader in a position 
to realise that the mathematical problem is neces- 
sarily an abstraction from the real physical problem, 
so that the exact solution may not correspond 
precisely with the facts in any actual instance. 
Indeed, there is no universal method for obtaining 
an exact solution of a problem on the simple-harmonic 
motion of a deformable body ; such general methods 
as exist lead, in all but special circumstances, to 
intractable problems of pure mathematics. Although 
exact methods of calculating admittances can be 
employed in simple cases, approximate methods are 
available for the treatment of structural types of 
common occurrence, as, for instance, shafts and 
beams of uniform or of varying cross-section. The 
exemplification of the theory leaves little to be 
desired in this regard, as it includes the transverse 
| vibration of beams supported in various ways, and 
the torsional vibration of shafts, while further 
| examples are to be found in Chapter VIII. 








| Following this treatment of the admittances of 


| conservative systems under the action of isolated 


simple-harmonic forces or couples, Professor Duncan 
extends the concept of admittance to cover the case 
|of damped systems in which the damping is pro- 
portional te the velocity, gyrostatic systems, and 
aerodynamic systems. The presence of complex 
quantities and unsymmetrical arrays of admittances 
renders the theory of Chapter VI rather compli- 
cated, but the development is well within the grasp 
of the serious student of applied mathematics. In 
this part of the work, the reader will note that, 
when an unstable system of this type is executing 
forced motion, the regular response, in general, will 
be very quickly masked altogether by an increasing 
free motion, so that the admittance will have little 
practical significance and it may be impossible to 
determine it even by experiment. Even so, the 
admittance still retains its usefulness as an instru- 
ment of theoretical investigation. In the chapter 
dealing with the principles of the experimental 
measurement of admittances, no attempt is made to 
describe apparatus or to enter into the practical 
details of the technique, though the text suggests 
in various ways possible experimental arrangements 
of apparatus usually available for the purpose. This 
comprehensive and informative treatment of the 
method of admittances will undoubtedly be wel- 
comed by students who are in any way concerned 
with the computational side of vibration theory. 





Theoretical Aerodynamics. By PROFESSOR L. M. MILNE- 
THomson. Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 40s. net.] 

Proressor MitNE-THomson’s well-established repu- 

tation as a writer of text-books that are models of 

clarity, presentation and style will not be diminished 
by this book, which is a delight to handle and to 
read. The only criticism of note that can be directed 
against it is its limited range, imposed by the 
author’s somewhat restricted interpretation of the 
term “theoretical” in the title; in his view, 
apparently, theoretical aerodynamics covers only 
such subjects as aerofoil theory and its ancillaries, 
the dynamics of perfect gases, and classical stability 
theory. Thus, apart from a passing reference in the 
first chapter, boundary layers and viscosity are not 





discussed. This is a pity, since they provide the 
link between perfect-fluid flow theory and the flow 
of real fluids, without which the jump from one 
to the other must always appear arbitrary and 
somewhat mysterious. 

The first two chapters deal with basic ideas and 
the more important aspects of Bernoulli’s theorem, 
and the next four give a very detailed discussion of 
aerofoil theory in two dimensions, including a 
valuable review of the fundamentals of complex 
function theory, essential to an understanding of 
this theory. Modern developments are most in 
evidence in this part of the book; the conjugate 
relationship between vorticity and downwash is 
emphasised, and consideration is given to the 
so-called “inverse problem” that has attracted 
attention in recent years, namely, the design of 
aerofoil sections to have a given pressure distri- 
bution. The works of Goldstein and Lighthill, in 
this connection, are not referred to, but presumably 
they were not available during the preparation of 
the book. The next four chapters deal with vor- 
ticity in three dimensions, induced velocity, and the 
aerofoil of finite aspect ratio, and include a fairly 
comprehensive survey of lifting line theory and 
some of the developments in lifting plane theory ; 
the latter refer to the work of Blenk, Krienes and 
Kinner, but not to the recent work of Falkner, 
Mutterperl] and Weissinger. Propellers are dis- 
cussed, though only at an elementary level, and 
there is a chapter on wind-tunnel corrections, which 
includes an illuminating discussion of Jacobian 
elliptic functions. The treatment of the elements 
of compressible-flow theory, for both subsonic and 
supersonic flow, covers two-dimensional linearised 
theory, plane shock waves, and the hodograph 
theory as developed by Temple, but does not refer 
to von Karman’s work. The author’s reluctance to 
mention viscosity makes the section on the formation 
of shock waves somewhat inadequate. 

The three chapters on simple modes of flight 
and stability are perhaps the least valuable of the 
book, as they contain little that is new and much 
that is out of date. The “strip” method for 
determining lateral-stability derivatives is recom- 
mended, though it is now largely discarded in 
favour of more accurate methods. The non- 
dimensional forms given for the derivatives differ 
in certain respects from those currently accepted. 
The terms “‘ metacentric ratio” and “‘ focus,” used 
in the book, have long given place to “static 
margin” and “aerodynamic centre,” and the 
latter term is not now used for the quarter-chord 
point. The theory of mancuvre points and 
manceuvre margins plays an essential part in 
modern stability analysis, but no reference is made 
to it. Finally, there is a chapter on the theory of 
vectors, of which considerable use is made through- 
out the book. Valuable features are the occasional 
pertinent digressions into mathematical theory, 
which the author has skilfully inserted without 
breaking the continuity of the book. Numerous 
excellent examples are collected at the end of each 
chapter. 





PISTOL-GRIP SOLDERING GUN.—Messrs. Burgoyne En- 
gineering Company, Limited, 1, Robert-street, Hamp- 
stead-road, London, N.W.1, have developed a pistol- 
grip electric soldering gun which weighs less than 23 Ib. 
and requires about 90 watts when in operation. It is 
designed for 50- to 100-cycle alternating-current mains, 
and two models are made, one for a 200- to 250- volts, 
and the other for a 100- to 130-volts supply. A spring- 
loaded push-button switch is provided and this is operated 
in a trigger-like fashion, so that the power supply is 
automatically switched off when finger pressure is 
released. The gun consists essentially of a transformer 
with a secondary winding which passes through a 
renewable soldering bit. All windings are asbestos 
lined, and the transformer itself is housed in an asbestos- 
loaded Bakelite case. This forms the body of the 
gun and is provided with air-cooling vents. The bit 
consists of a narrow V-shaped loop of thick copper wire, 
the ends of which are screwed into two parallel metal 
pillars projecting, barrel like, from the body of the gun. 
The bit, which operates at a potential of less than one 
volt, is insulated from the case, and is not connected to the 
mains supply. It can therefore be used to work on low- 
voltage live circuits. The gun is ready for soldering after 
a@ warming-up period of about seven seconds, and it is 
suitable for all forms of soldering for which an iron of 





about 100-watts capacity can be used. 








INSTITUTION OF CIVIL 
ENGINEERS. 


THE catholic interests of the members of the 
Institution of Civil Engineers were evident, as on 
previous occasions, in the variety of exhibits of 
engineering models and scientific apparatus which 
were shown in the Library at the Conversazione on 
Thursday evening, June 24. About half the exhibits 
came within the scope of civil engineering—using 
the words in their specialised sense—and the others 
bore witness to the aims of the Institution: ‘* For 
the General Advancement of Mechanical Science 
...° The Conversazione was held at the Institu- 
tion, Great George-street, Westminster, S.W.1, 
and the guests were received by the President, Sir 
Roger Hetherington, C.B., O.B.E., M.A., and Lady 
Hetherington, and the Council of the Institution, 
in the Great Hall. During the evening, Miss Michal 
Hambourg gave a pianoforte recital, and the Royal 
Artillery Orchestra played light music. 

A remarkable example of engineering improvisa- 
tion was included among the exhibits, in the form 
of a small lathe made by Captain R. Bradley, R.A.., 
A.M.LC.E., while a prisoner of war in Singapore. 
He made and used it secretly, without being dis- 
covered by the Japanese, in the artificial-limb 
workshop which he ran; and he used it in the 
manufacture of surgical instruments and wireless 
components. It is a 2-in. backgeared screwcutting 
lathe with many accessories. The bed was carved 
out of solid steel, using a drilling machine and 
cold chisel, and all finished surfaces and slides 
were prepared by hand. The headstock was cast in 
aluminium alloy. The change wheels were taken 
from the mechanism of a coast-defence gun; the 
back-gear wheels came from a cinema projector, 
except the pinions, which were made. The mandrel, 
tailstock spindle and lead screw were made on 
another machine, but all the accessories were made 
on the lathe. The tailstock is provided with a 
circular four-tool turret, and the slide rest carries a 
four-position square tool-box. 

There were four pieces of apparatus exhibited 
by the Railway Executive, London Midland Region 
(chief engineer, Mr. W. K. Wallace, C.B.E., M.I.C.E.; 
research manager, Mr. T. M. Herbert, M.A., 
M.I.Mech.E.). One was a hygrometer for measuring 
the dewpoint in confined spaces, such as the wall 
cavities of pre-fabricated buildings, without disturb- 
ing the conditions in the space. A small area 
of a thermometer bulb is exposed in the space, 
and the remainder of the bulb is surrounded by an 
ether cooling jacket. Means of illuminating and 
viewing the bulb are provided, so that the formation 
of dew can readily be observed. With this hygro- 
meter, the rate of penetration of water vapour into 
the space can be determined. Two pieces of appa- 
ratus, shown together, had been designed to measure 
the electrical resistance of railway sleepers in situ 
in the track, in order to detect sleepers having 
unusually low resistances—a suspected cause of 
difficulties with track circuiting. With the first 
method, alternating current from a battery-driven 
interrupter is connected across a pair of rails, 
and a portable coil, amplifier and meter pick up 
and measure the current flowing in each sleeper in 
turn. With the second method, the conductivity 
of the sleeper is assessed by its effect on the output 
of a portable oscillator, the tuning inductance coil 
of which is placed near the surface of the sleeper. 
The fourth apparatus shown by the London Midland 
Region was typical of the attention to detail which 
is characteristic of that railway’s research depart- 
ment. It was designed to simulate the slight 
relative movement which occurs between two adja- 
cent panels, or other parts, of a railway carriage 
in motion. In practice, this movement causes a 
breakdown of paint stoppings and fillings. The 
specimens used in the machine are prepared by 
screwing two sheet-steel panels to a wooden batten, 
as in a carriage, and a specimen is subjected to natural 
or accelerated weathering for a suitable period, with 
regular tests lasting one to two hours in the machine. 
By this means, the durability of filling and painting 
processes can be determined. The machine will 
produce in the specimen either thrust and tension 





alternately, or an alternating flexure. 
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Mr. W. H. 8S. Aplin, A.M.LC.E., exhibited a 
rotary displacement pump which embodies some 
novel features. Two pairs of metal vanes are free to 
slide radially in two diametrical slots in the pump 
shaft. Unlike the usual sliding-vane type of pump, 
however, the vanes do not rotate in a fixed cylinder, 
but fit in a cylinder which is shaped so that the vanes 
cause it to rotate. This cylinder rotates in a fixed 
cylinder, and is provided with four ports—one 
between each pair of vanes—which communicate 
with the inlet and discharge ports of the fixed 
cylinder. The “fixed ’”’ cylinder, however, may be 
moved vertically, relatively to the shaft, by means of 
a handwheel and screw, and when so moved it 
moves the rotatable cylinder with it. Thus, the 
eccentricity of the rotatable cylinder in relation to 
the shaft can be altered, so that the capacity of the 
pump may be varied. Furthermore, the range of 
movement of the “‘ fixed ’’ cylinder is such that the 
centre-lines of the cylinders may be above or below 
the centre-line of the shaft. Thus, while the pump 
is running, the flow may be varied from a maximum 
in one direction through the pump, through zero 
flow, to a maximum in the opposite direction. The 
pumps are made in several sizes, with capacities 
between 12 and 40,000 gallons an hour, and they 
can also be provided without the variable-flow 
adjustment. The standard pump is designed to 
operate against a pressure of 300 lb. per square inch, 
and it is stated that, when handling certain fluids 
at a pressure of 100 lb. per square inch, a volumetric 
efficiency of 98 per cent. is obtained. 

The Road Research Laboratory (Dr. W. H. 
Glanville, C.B.E., M.I.C.E., director) showed an 
apparatus which has been developed for testing 
concrete. It is based on the principle that the 
velocity of propagation of an ultrasonic pulse 
depends on the physical properties of the concrete ; 
it can therefore be used to detect differences of 
quality which are not easily revealed by other means. 
A change in density within a specimen, or an internal 
fracture, may be revealed, or the onset of damage due 
to frost can be detected long before superficial 
damage is observed. Under certain conditions, the 
strength of the concrete can be obtained from the 
velocity of propagation, and, when the apparatus is 
used on concrete beams in conjunction with other 
dynamic tests, it is possible to determine Poisson’s 
ratio for the concrete. 

A demonstration was given of an apparatus for 
indicating the measurements of ten resistance strain 
gauges simultaneously. It was exhibited by 
Professor J. F. Baker, O.B.E., M.A., D.Se., M.LC.E., 
and Mr. J. G. Yates, M.A., A.M.LE.E., of the 
Engineering Laboratory, Cambridge University, in 
conjunction with Messrs. Elliott Brothers (London), 
Limited. Each strain gauge is connected to a 
separate bridge circuit which is excited by a succes- 
sion of short pulses, each lasting ten microseconds. 
It was found possible to measure the resistive balance 
of the bridge during a single pulse, since any effects 
due to the presence of unwanted reactances became 
negligible within that time. By applying similar 
pulses in sequence to the several bridges, the output 
pulses from the bridges were applied to a common 
amplifier, and displayed on a single cathode-ray tube. 
The instrument is suitable for displaying either static 
or dynamic strains. The demonstration showed the 
distribution of strain in a steel bar clamped at one 
end to form a cantilever, which was excited in one 
of its modes of vibration. 

The National Physical Laboratory (Sir Charles 
Darwin, K.B.E., M.C., M.A., Sc.D., F.R.S., director), 
showed some models and photographs relating to the 
research now being undertaken in connection with 
the design of the Severn Bridge. An investigation 
on the aero-dynamic oscillations of suspension 
bridges is being carried out by the N.P.L. on behalf 
of the Ministry of Transport. Two experimental 
methods are being used. In the first and simpler 
method, the liability of a given form of bridge 
structure to oscillate in wind is studied by wind- 
tunnel tests on a model representing a length, say 
300 ft., of the suspended structure. For the second 
method, a flexible model of the complete bridge is 
tested in a wind tunnel. This model is required to 
represent the full-size structure, not only in shape, 
but also in mass and elastic stiffness, and a method 
of achieving this was shown. The deformable cross 
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girders and trusses of the full-size bridge are repre- 
sented by substantially rigid components connected 
to each other by springs, which can be adjusted to 
give the required flexibility. 

Several interesting exhibits came from the Forest 
Products Research Laboratory (Dr. F. Y. Henderson, 
director). A simple instrument for studying the 
cutting action of wood machine tools consisted of a 
small lever, rotated by hand, on one end of which 
was a cutting tool; a piece of wood was clamped to 
the base, and as the tool swept round, cutting the 
wood, the action was observed through a microscope. 
It was seen to be a combination of crushing and 
shear. A compact apparatus had been made for 
operating a cinematograph camera and the asso- 
ciated lighting, at regular intervals over a long 
period, thus providing a means of recording growth, 
or any other slow change. The apparatus has been 
used for taking photographs, every 15 minutes, 
over a period of about a month, of a wood-destroying 
fungus. Afterwards, the film is shown by a cine- 
matograph projector, and the growth of the fungus 
at an accelerated rate is observed. Two models had 
been prepared to show the effect of faulty building 
construction on the development of dry rot. 

The Library of the Institution was connected 
with Barbados, British West Indies, 4,000 miles 
distant, by wireless telegraphy, and during the 
evening Sir Roger Hetherington sent a message of 
greetings to Mr. H. M. Finlay, B.A., A.M.LC.E., 
the senior member of the Institution in Barbados. 
This facility had been provided by Cable and 
Wireless, Limited (Sir Stanley Angwin, K.B.E., 
D.S.O., M.C., M.L.C.E., chairman), who exhibited 
the sending and receiving instruments of one 
channel of their overseas telegraph circuit, which 
employs the Morse code. The route taken by the 
message from the Institution was by line to the 
Company’s telegraph station in London, to the 
wireless transmitting station at Dorchester, thence 
to Barbados. The wireless receiving station in 
Demon- 
strations were also given of two radio-photo- 
telegraph transmitter-receivers, and on a high-speed 
transmitter which has been developed by the 
company. It will transmit by photo-electric means 
at 800 words a minute. 

The Engineer-in-Chief of the General Post Office 
exhibited a submarine telephone repeater for use in 
shallow water and some apparatus to illustrate the 
principles of beam radio transmission and reception. 
The submarine repeater is the first to be used by 
the British Post Office. It was installed as an 
experiment in the Irish Sea in June, 1943, thereby 
increasing the number of telephone circuits carried 
by the cable from 24 to 48. The repeater contains 
a three-stage multi-channel amplifier which increases 
the power of the speech signals about a million 
times. It weighs 18 cwt. and will withstand a 
pressure of 500 lb. per square inch ; it would there- 
fore be quite satisfactory in 200 fathoms of water. 

Mr. A. C. Hartley, C.B.E., B.Sc., M.LC.E., 
exhibited three models: one of a derrick for oil-well 
drilling, another of a well head and gas-oil separator, 
and a third of a fractionating column. Dr. Oscar 
Faber, O.B.E., D.C.L., M.1.C.E., showed a model of 
the interior of the new Chamber of the House of 
Commons, also some drawings relating to the work. 
The London Transport Executive (Mr. P. Croom- 
Johnson, M.I.C.E., chief engineer) lent a model 
of an escalator. The Mersey Docks and Harbour 
Board (Mr. Leopold Leighton, M.I.C.E., engineer- 
in-chief) exhibited models, photographs and draw- 
ings illustrating the proposed developments at the 
Huskisson Branch Docks, Liverpool. The de 
Havilland Aircraft Company, Limited, showed a 
model of the Goblin gas turbine ; and the London 
Fire Brigade a model of a modern enclosed pump. 
The D.S.LR. and Fire Offices Committee Joint 
Fire Research Organisation (Mr. Alfred Bailey, 
O.B.E., M.Sc., A.M.I.C.E.) exhibited a model of an 
apparatus for the, protection of dipping tanks 
containing inflammable liquids (using a new method 
of producing fire-fighting foam with compressed 
air) ; and a new self-contained breathing apparatus 
using compressed air, which is reasonably light in 
weight and will supply the wearer with air, while 
doing fairly heavy work, for more than 30 
minutes. 
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THE EASTBOURNE CONVENTION 
OF THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


Tue Annual Convention of the Incorporated Munici- 

] Electrical Association was held at Eastbourne from 
catia June 7 to Friday, June 11. In recording the 
proceedings of last year’s Convention at Bournemouth 
we said that, owing to the passing of the Electricity 
Act, 1947, that gathering was likely to be the last in 
its existing form, and that the future of the Association 
was uncertain. In the event, it has proved possible 
to organise one more convention on lines which have 
long been familiar. For legal reasons, however, the 
Association has had to be dissolved, although it is 
to be hoped that the useful work it has done will be con- 
tinued by some other organisation, and that in this 
organisation a place will be found for the Consultative 
Committees that are to be established under the new 
Act, 

This being the position, it is appropriate to recall 
that the first meeting of municipal electrical engineers 
to discuss the furmation of an Association took place 
in July, 1895, on the suggestion of Mr. J. H. Rider, 
who was then electrical engineer at Bolton. An execu- 
tive committee was formed under the chairmanship of 
the late Mr. Arthur Wright, who became the first 

resident, with Mr. W. L. Magden as honorary secretary. 

he first of the long series of annual conventions took 
place in London in 1896, while five years later the 
Association was incorporated. It was then organised 
into honorary members, members and associate mem- 
bers. The first class consisted of those who had been 
elected in acknowledgment of their services as officers 
or members of the Council. In the second class were 
the local authorities owning electricity undertakings, 
while the third consisted of the chief electrical engineers 
of the same undertakings. For many years, the president 
was always a chief electrical engineer; and the Con- 
vention was held in the city or town in which he was 
serving. More recently, a local authority representa- 
tive has been eligible for election as president every 
third year. In the early days, attendance at the 
Convention was confined to the chairmen of the various 
electricity committees and the chief engineers, with a 
sprinkling of visitors. Since 1919, however, Committee 
members have also attended in large numbers ; and the 
meeting, although still under the control of the Associa- 
tion, has assumed more and more the character of an 
all-electric convention. 

The formal proceedings of this year’s convention 
began on Tuesday, June 8, when a civic welcome was 
extended to the delegates by the Mayor of Eastbourne 
(Councillor Randolph Richards, J.P.). The President 
(Mr. J. Eccles) then delivered an address, on which 
we commented in a leading article on page 589 of our 
issue of June 18. 

At a meeting held at the Winter Gardens, Devon- 
shire Park, on Tuesday afternoon, a paper on “ Gas 
Turbines for Public Electricity Supply” was read 
by Messrs. H. G. Bell and D. M. Smith. The first 
gas turbine for public electricity supply was installed at 
Neuchatel, Switzerland, in 1940. It had a capacity 
of 4,000 kW and was an emergency set installed under- 
ground in a bombproof station. During the past three 
years, about 20 gas-turbine equipments had been 
ordered for public electricity supply systems in Switzer- 
land, Roumania, Britain, France and various South 
American countries, the ratings being from 1,650 to 
27,000 kW. Most of these sets were for peak-load or 
stand-by service, although some were for base-load 
operation where oil or gas fuel was cheap. Only one 
of these turbines, however, was in operation. This was 
of the compound open-cycle type with a capacity of 
13,000 kW and was installed as a stand-by at Beznau, 
in Switzerland. 

There was a great variety of possible gas-turbine 
cycles and a wide range of pressure and temperature con- 
ditions, the choice of these being bound up with the 
operating cycle adopted, the capital, fuel and running 
costs and availability. The higher the maximum 
temperature of the working medium in a given cycle 
the higher the thermal efficiency and the ouput from a 
given size of plant. For base-load plant this tempera- 
ture was usually from 575 to 650 deg. C. (about 1,050 
to 1,200 deg. F.) and for peak-load plant from 600 to 
700 deg. C. (about 1,100 to 1,300 deg. F.). With 
similar materials and methods of construction the 
economic operating temperature varied with the load 
conditions and the total running life of the plant. It 
was also influenced by the design adopted. A reduction 
of the lower temperature limit in the cycle was bene- 
ficial both for thermal efficiency and output ; and some 
of the Swiss plants had been rated to take advantage 
of low atmospheric temperatures. The performance 
was usually affected by variation in atmospheric con- 
ditions, though some cycles were only slightly influ- 
enced. With an open-cycle turbine of simple type the 
maximum output decreased with falling atmospheric 
temperature and pressure. With a closed-cycle turbine 
the maximum output was unaffected by barometric 





pressure, but was sensitive to variations in cooling- 
water temperature 

The considerations determining the best cycle pressures 
were more complicated than those determining cycle 
temperatures and were more intimately affected by 
the cycle adopted. The optimum pressures for maxi- 
mum thermal] efficiency, maximum output per pound of 
air circulated, and minimum capital costs, were different. 
In practice, for an uncompounded compressor, the 
air circulated and minimum capital costs were different. 
In practice, for an uncompounded compressor the 
pressure ratio at maximum rating was usually between 
3-75 and 5-5. In a compound plant the pressure ratio 
in each line was usually between 3 and 4-5 with an 
overall pressure ratio between 9 and 18. Closed-cycle 
plant was designed for moderate pressure ratios, but 
with high maximum pressures at full load. The 
economic thermal ratio in the heat regenerator was 
between 0-65 and 0-75 for open-cycle plant of the 
usual type. A somewhat higher ratio was economic 
for plant working with high pressures on both sides of 
the regenerator. 

The speed of the output shaft played an important 
part in choosing the general design. A 50-cycle 
alternator must be driven at 3,000 r.p.m. or a sub- 
multiple of that speed. When the turbine was direct- 
coupled to the alternator there was a limit to the 
volume flow through a single exhaust for given blade 
and rotor stressing and given leaving velocity. In 
open-cycle plant, with the low-pressure turbine running 
at 3,000 r.p.m., this limited the maximum rating to 
about 15,000 kW for single- and 30,000 kW for double- 
exhaust arrangements. The thermal efficiencies which 
could at present be achieved for gas-turbine plant for 
electricity supply were about 14 to 18 per cent. for 
uncompounded plant without a regenerator, 20 to 25 per 
cent. for uncompounded plant with a regenerator, and 
27 to 32 per cent. for compound plant with a regenerator. 
These figures were for full-load thermal efficiency 
with maximum ratings of about 4,000 to 7,500 kW for 
uncompounded plant and 10,000 to 30,000 kW for 
compound plant, with an atmospheric temperature of 
15 deg. C. (59 deg. F.). Higher thermal efficiencies 
could be obtained for plant of expensive construction, 
limited life or operating at lower atmospheric tempera- 
ture. The power absorbed by the auxiliaries in a gas- 
turbine station was far lower than in a corresponding 
steam station, being 1 per cent. in a particular case 
compared with 5 per cent. 

Gas turbines for public electricity supply were at 
present being built only forliquid or gaseous fuels. The 
most favourable gaseous fuel was natural gas, which 
was not available in Britain to any important extent. 
The liquid fuels which were of interest for British sta- 
tions were Pool gas oil and Pool Diesel oil in the 
distillate classes, and Pool fuel oil and Pool heavy fuel 
oil in the residual class. British experience with gas 
turbines had been mostly with distillate fuels. Such 
fuels could be burned with high combustion efficiency 
(99 per cent.) and without the production of smoke or 
soot over the full range of loads. A combustion 
chamber developed for fuel of one grade could burn 
fuels of other grades, but frequently a minor modifica- 
tion in the primary chamber was necessary to ensure 
freedom from smoke or soot. The same arrangements 
for storage, heating and handling of fuel oils as in 
installations for oil-fired boilers would be necessary. 
It was also necessary to start on a lighter fuel when 
running on a heavy grade of fuel oil. The products of 
combustion from open-cycle gas turbines would be 
much more diluted with air and be at a higher tempera- 
ture than the flue gases from boilers with air heaters. 
They would be free from smoke, but would contain 
sulphur and finely divided ash. 

Owing to the thermal conditions in the primary 
region of the combustion chamber, it was not possible 
to guarantee that its parts would have the same life 
as other components. Combustion chambers were 
therefore made readily accessible for inspection and 
renewals. Maintenance was likely to be more difficult 
in the reheat thanin the main combustion chamber, 
owing to the entering gases being at a higher tempera- 
ture. Experience would show at what intervals 
inspection and renewal would have to be carried out, 
but combustion chamber primaries of thin sheet metal 
had been developed for jet-propulsion engines to a 
point where they were comparable in durability with 
the other high-temperature components. The relia- 
bility of the turbine should be as great as for steam 
turbines and no trouble with corrosion or corrosion 
fatigue had been met with in jet-propulsion engines. 
Experience alone would show whether turbine operation 
for long periods at lower temperatures would be accom- 
panied by equal immunity. Some batches of heavy 
fuel might present ash deposit problems, but, owing 
to the temperature, soot would not deposit on the 
turbine blading. Ash deposits might occur on the gas 
side of the heat exchanger and soot deposit in the 
cooler parts, although this would depend on the 
quality of the combustion. 





Comparing steam- and gas-turbine practice, the 


authors pointed out that on the average about 16 cub. 
ft. per kilowatt was required to accommodate the 
turbine house, including the pumps and auxiliary 
switchgear. In addition, 29 cub. ft. per kilowatt was 
required for the boiler house and 5 cub. ft. per kilowatt 
for the offices, a total of 50 cub. ft. A gas-turbine 
installation for one 30-MW and two 15-MW sets only 
required 18 cub. ft. There would be some saving in 
basement height owing to the absence of condensers. 
The total weight of material in a gas turbine and its 
associated equipment was estimated to be only one- 
third of that required for the equivalent steam plant. 
Cooling water as such was not required for a gas turbine, 
but it was generally desirable to coo] the air after the 
first stage of compression to restrict the work done 
in the second stage. Some cycles used multi-stage 
cooling. The cooling was done in an intercooler, which 
was much smaller than the conventional condenser 
and had to deal with about one-third of the heat. Its 
accommodation was also simpler. As the air in the 
cooler might be required to be cooled from 300 deg. to 
80 deg. F., much larger temperature gradients would 
exist than in a steam condenser. It was practicable, 
therefore, to use a great temperature rise in the cooling 
water. A low inlet temperature was, however, neces- 
sary. With closed-cycle plant, the heat to be removed 
by the cooling water was greater than with open-cycle 
plant and comparable with that dealt with in a steam 
condenser. No make-up water would be required ; 
neither was chemical treatment of the water necessary. 

The gases discharged from the chimney would be of 
similar properties to those from oil-fired boilers, but 
would be at a higher temperature. The volume would 
be over five times that from equivalent boiler plant 
and, although there would be no grit, some sulphur 
would be present. It would be desirable, therefore, to 
build chimneys comparable in height with those required 
for steam stations, but with larger cross sections. No 
fans or grit arresters would be required. The gas 
turbine needed much less auxiliary plant than a conven- 
tional steam station and the amount of switchgear was 
correspondingly reduced. At full load, a 15,000-kW 
plant would absorb only 1 per cent. of the output in 
power to auxiliaries and station services, compared 
with 5 per cent. by steam-turbine plant of similar 
rating. At partial loads, this difference would be 
increased. This difference was largely due to the fact 
that in the steam-turbine plant the compression of the 
working medium was generally done by an electrically- 
driven pump, which was counted among the auxiliaries. 
In the gas turbine, the air was compressed in the main 
running components and the consequent work had 
not to be deducted from the output. 

In making a choice between gas and steam turbines 
for extensions to generating plant for public electricity 
supply, it might be noted that a gas-turbine station was 
lower in capital cost than a steam station, had the same 
thermal efficiency with no stand-by losses, could be 
more rapidly started, could be installed on a smaller 
site, and required less staff. On the other hand, a 
steam station burnt coal which, in this country, was 
cheaper than oil or gag. The gas turbine became 
economic below a certain load factor, as the saving on 
capital charges outweighed the additional cost of the 
fuel. Conditions were particularly favourable to the 
gas turbine on existing sites in town for the replacement 
of steam plant. It should also be considered for 
employemnt as peak-load sets on existing sites in 
areas of heavy demand, as stand-by sites in conjunction 
with hydro-electric systems, for supplying high maxi- 
mum loads of very low load factor and for stations 
where oil- or gas-burning plant would otherwise have to 
be installed. 

The field of application for gas turbines in this 
country would be greatly widened by an increase in 
their thermal efficiency without increasing the capital 
cost per kilowatt, and by the possibility of burning coal 
without much increase in the capital cost per kilowatt. 
The first of these objectives might be approached by 
the use of higher maximum cycle temperatures, an 
increase in the efficiency of individual components and 
improvements in heat-exchanger design. Benefits 
would also result from the use of the waste heat from 
the gas-turbine cycle. It might be possible to burn 
coal internally, either in the pulverised form or in some 
special type of furnace or to gasify it and burn the gas 
internally. External combustion might also be em- 
ployed with either open-cycle or closed-cycle plant. 
For all these methods, however, the capital cost per 
kilowatt would be higher than for oil burning plant, 
The latter would, therefore, remain economic for 
certain applications, even after coal-burning gas 
turbines had been developed. 

In opening the discussion, Mr. J. Hacking said that 
the position with regard to the gas turbine was very 
different in this country, in comparison with others 
which had large hydro-electric power and inadequate 
coalresources. The gas turbine was, frankly, a develop- 
ment of an experimental nature undertaken to improve 
the position of British manufacturers in the export 





market and, at the same time, to investigate the possi- 
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bilities of this form of conversion for electricity supply. 
As a result, several firms had developed designs for 
15-MW sets working at 1,200 deg. F., and the Central 
Electricity Board had made arrangements for two 
sets to be installed, one at Trafford Park and the 
other at Dunston. It was hoped that these sets would 
be in operation by 1950. The general economics of 
the gas turbine, he went on, would be largely 
influenced by the type of fuel used. For many years, 
most of our electricity would be generated from coal. 
In its present state of development, however, the gas 
turbine required a clean fuel-gas or oil. With sets of 
equal efficiency, the running costs would be materially 
greater with oil than with coal, although the capital 
costs would probably amount to not more than 35/. per 
kilowatt for the gas turbine, as compared with 451. to 
501. for the steam turbine. With oil and coal at their 
present prices, it would be economical to provide gas 
turbines for use when the load factors did not exceed 
12 to 14 percent. Another factor which had interested 
the Central Electricity Board was the prospect that 
the gas turbine might be the means by which atomic 
energy could be converted into mechanical energy. 

Mr. J. F. Field said that it was questionable whether 
it was worth while building more than a few gas turbines 
for land purposes, having regard to the cost of suitable 
fuel. A case for the open-cycle gas turbine for such 
purposes in Great Britain could be made out only by 
using the difference between its capital costs and those 
of the steam turbines to subsidise the higher fuel costs. 
The gas turbine was therefore restricted to very low 
power factors. The closed-cycle machine need not 
necessarily suffer from this limitation, but “ boiler” 
plant was, in effect, re-introduced with these machines 
and the capital cost would therefore probably exceed 
that for steam. It had been suggested that both open- 
and closed-cycle machines could be adapted to the 
generation of steam from the exhaust gases. Any 
attempt to generate power in this way, however, would 
mean the use of a bulky low-pressure boiler, because 
the inlet gas temperature would be much lower than in 
normal boiler practice. He described a scheme in 
which use was made of a closed steam cycle to obtain 
a thermal efficiency of 30 per cent. or more with exhaust 
steam at 100 lb. per square inch and easy control. 
He was in no doubt that steam could do better than gas. 
It was therefore necessary to alter the strategy of 
approach to this problem, and he contended that his 
proposals would make a drastic alteration in the econo- 
mics of coal utilisation in this country. 

Mr. C. W. Parker thought that until a decision had 
been reached on the fuel to be used it was impossible to 
decide which cycle to adopt. He would like to know 
to what extent the employment of coal would increase 
the capital cost. If this increase were large, the employ- 
ment of the gas turbine, in its present state, would be 
confined to peak-load purposes. He asked if the 
authors had considered the troubles likely to be caused 
by the presence of sulphur in the oils, especially on 
austenitic material and on the welding of fabricated 


rts. 

“i W. N. C. Clinch complained that the paper was 
lacking in comprehensiveness. It might well be fol- 
lowed by another on the lines suggested by Mr. Field. 
The country must continue to be dependent on coal, 
and it might therefore be a mistake to develop machines 
which made use of imported fuel. 

Alderman J. Herbert said that during the fuel crisis 
last year a factory with which he was connected had 
changed over from coal to oil, and had experienced 
difficulties with impurities. It was a great mistake 
to use imported oil, and to get the best out of our coal, 
the generation of electricity and gas should be co- 
ordinated; power stations should be placed at the 
pit-head. 

Dr. D. M. Smith, in reply, said that not much active 
work had been done on the use of coal for gas turbines 
and it was not obvious that such an installation would 
be more economical than the steam turbine. He did 
not agree with Mr. Field that all the advantages of the 
open cycle could be obtained with the closed cycle. 
It was difficult to make explicit general statements on 
the economies of the various cycles without more 
experience. As regards the effect of maximum tem- 
perature on the materials in the plant, the gas turbine 
was not analogous to the Diesel engine, because in the 
latter there was no component which was continuously 
exposed to gas at the maximum temperature. The 
relationship of the permissible gas temperature to the 
permissible materia] temperature was therefore critical 
in the gas turbine. The problems of sulphur in the oil 
were appreciated, but experience so far had not enabled 
definite conclusions to be drawn. It was also not yet 
possible to make explicit statements about economic 
or standard pressure ratios. 

In the evening, a reception was held at the Winter 
Gardens by the Mayor of Eastbourne (Councillor R. 
Richards) and the Mayoress of Eastbourne, while 
Wednesday, June 9, was devoted to visits to places of 
interest in the neighbourhood. 

(To be continued.) 
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DUST-SAMPLING APPARATUS. 
Wueny taking a sample of dust-laden gas from a flue 


SamPtine UNIT, SHOWING FILTER. 


| suit the capacity of the vacuum pump in relation to the 


velocity of the gas in the duct. The manometer 
contains water in an inclined tube, with the zero mark 


or chimney, it is essential for the velocity of the gas | near the centre, so that a pressure in either direction 


in the extraction nozzle to be the same as the velocity | can be indicated. 
In most | a current of about 300 amperes at low voltage. 


of the main gas stream around the nozzle. 
testing equipment, a flowmeter is incorporated to 
enable the correct velocity through the nozzle to be 
obtained. The temperature and pressure of the gas 
in the flowmeter are usually different from those 
in the flue, so that the flowmeter reading must be 
corrected before the required flow through the nozzle 
can be determined. In some cases, also, accurate 
sampling may be rendered more difficult by water 
vapour in the gas condensing before it reaches the 
flowmeter. The “null” method can, of course, be 
used. It is described in British Standard Specification 
No. 893 of 1940, but, despite its simplicity, it has not 
found favour. In this apparatus also a flowmeter 
or separate Pitot tube is incorporated for finding the 
volume for calculating the dust concentration, if this 
is required. The testing of dust-extraction plant has 
been described in ENGINEERING, vol. 151, pages 421, 
461 and 501 (1941). 

An interesting apparatus has been developed by 
Messrs. James Howden and Company, Limited, 
195, Scotland-street, Glasgow, C.5, for the simple 
and speedy extraction of dust samples. It is novel, in 
that the apparatus itself is first used as a Pitot tube 
for measuring the gas velocity in the duct from which 
the sample is to be extracted, and then the rate of 
flow through the apparatus is matched by making 
allowance for the frictional loss, which has been 
determined for a part of the apparatus. Fig 1, on this 
page shows the complete apparatus, and the sampling 
unit isillustrated in Fig. 2, opened up to reveal the filter. 
The principal components of the apparatus, shown 
diagrammatically in Fig. 3, opposite, are: a nozzle a. 
connected by a tube to a miniature cyclone and dust 
receiver b, a filter c in a housing, a regulating valve d, 
a vacuum pump é, a static-pressure tube f, a mano- 
meter g, a transformer h for supplying heating current, 
two thermocouples i and j (one in the sampling unit, 
and one for use in the duct), and a temperature indicator 
k. The filter is either an alundum pot or a glass-wool 
element. The regulating valve is at the outlet end 
of the sampling unit, and is used for controlling the 
rate of flow. Nozzles of several sizes are available to 





The transformer is used for supplying 
The 
current is passed through the walls of the sampling 


| unit, to maintain the temperature of the gas constant 


through the calibrated part of the unit, and also to 
prevent condensation at the filter. The sampling 
unit is completely lagged. A pilot lamp, I, is incor- 
porated in the transformer box, to indicate when 
the heating circuit is in use. The current, and there- 
fore the heating, can be regulated. The vacuum pump 
is of the sliding-vane type, driven by an electric motor at 
970 r.p.m., but any exhauster of a non-pulsating type, 
or a compressed-air ejector, could be used. 

A calibrated chart for each size of nozzle, similar to 
that shown in Fig. 4, opposite, is provided. These 
charts are prepared in the following manner. The 
sampling tube is placed in series with a flowmeter, and, 
with air passing through it, the frictional loss in inches 
of water, between the nozzle and section A A (Fig. 3), is 
determined for various rates of flow. A correction is 
applied to the results to compensate for the velocity of 
approach which is present under sampling conditions, 
but not during calibration. The family of curves in the 
upper half of Fig. 4 is obtained from these results, by 
making corrections for a series of temperatures. The 
curves in the lower half of Fig. 4 give the relationship 
between the velocity head in the duct, in inches of 
water, and the rate of flow through the sampling unit. 
They are calculated for each nozzle size for the several 
gas temperatures. 

As already mentioned, when the apparatus is in use 
a flowmeter is not required ; by using the manometer, 
the thermocouples, and the appropriate chart, the gas 
temperature at section A A and the rate of flow through 
the sampling unit are adjusted to coincide with con- 
ditions in the duct. Before inserting the nozzle into 
the duct, the heating current is switched on until the 
temperature of the sampling tube is about 150 deg. to 
200 deg. F. With the regulating valve closed, the 
nozzle is then inserted into the duct, and placed at the 
correct sampling position. The velocity head at the 
nozzle is indicated in inches of water on the positive 
side of the manometer scale, and the temperature of 
the flue gases is noted by switching on the thermo- 
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couple j. Reference is then made to the chart corre- 
sponding to the nozzle in use, and by projecting a line, 
as shown dotted in Fig. 4, from the observed velocity 
head to the appropriate gas-temperature curve, thence 
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the sampling procedure is carried out in accordance 
with B.S. 893-1940. 

The use of a cyclone for extracting the dust from the 
gas simplifies both the apparatus and the sampling 











at that gas flow to the corresponding frictional-loss| procedure; the resistance of the cyclone remains 
TABLE I. TABLE II. 
Size of | Size of Proportion by Size of | Size of Proportion by 
Particles, | Particles, Weight, Particles, Particles, Weight, 
B.S. Sieve No. | Microns. Per cent. B.S. Sieve No. | Microns. Per cent. 
Below 30 | Above 500 5-5 Below30 .. ..  ..] Above 500 2-3 
30to 44 | 500 to 353 13-9 30 to gr44 ae a 500 to 353 1-7 
44 ,, 60 er ay 353 ,, 251 16-6 44 ,,* 0 aaa “ 353 ,, 251 5-2 
60 ,, 100 sa es 251 ,, 152 28-0 60 ,, 100 is =. 251 ,, 152 15-3 
100 ,, 120 oe as 152 ,, 124 7-0 100 ,, 120 - ae 152 ,, 124 5-5 
120 ,, 150 124 ,, 104 8-9 120 ,, 150 = ae 124 ,, 104 11-4 
160 ,, 170 104 ,, 89 3-8 150 ,, 170 ee ea 104 ,, 89 4-9 
170 ,, 200 | 89 ,, 76 5-5 170 ,, 200 ee a 89 , 76 4-7 
Above 200 | Below 76 10-8 Above 200 “7 Below 76 49-0 
| | 100-0 | 100-0 








curve, the frictional loss for the gas flow is determined. 
The vacuum pump is started, and the regulating valve 
is opened and adjusted until the manometer readin 
(now on the negative scale) corresponds to the frictional 
loss. The temperature indicated by the thermocouple i 
is made equal to the temperature in the duct, by 
adjusting the transformer control. The remainder of 





constant for a given rate of flow. Whether or not the 
cyclone alone will remove all the dust depends on the 


g | sizes of the particles. In the case of boiler plants, the 


cyclone will be sufficient for some stoker-fired installa- 
tions, but not for finer dusts such as those from pul- 
verised-fuel boilers. In one sampling test on stoker 
dust, 99 per cent. of the dust was caught in the cyclone, 





and | per cent. in the alundum pot, the dust grading 
being as shown in Table I. 

In another test on a stoker-fired boiler plant, the pro- 
portions of four samples caught in the cyclone and the 
alundum pot were, respectively: 95-8 and 4-2 per 
cent. ; 95-3 and 4-7 per cent. ; 94-7 and 5-3 per cent. ; 
96-2 and 3-8 per cent., the dust grading being as 
shown in Table IT. 





TROLLEY ’BUSES FOR BRAZIL. 


One of the four single-decker 43-seater trolley ’buses, 
ordered by the Séo Paulo Municipality, of Brazil, made 
a demonstration run from London Transport’s Fulwell 
depot on Wednesday, June 23. These trolley ’buses, 
which are believed to be the first to be manufactured 
in this country for export to South America, are of 
unit construction and are designed for one man opera- 
tion. Each vehicle has an unladen weight of about 
9} tons, with an overall length between the front and 
rear bumpers of about 35 ft. 6 in., an external width 
of 8 ft. 6 in., a maximum internal saloon height of 
6 ft. 3in., and a roof height from the ground of about 
10 ft. 6 in. The body superstructures were built by 
Messrs. Metropolitan Cammell-Weymann Motor Bodies, 
Limited, Broadway, Westminster, London, 8.W.1, and 
the chassis by Messrs. British United Traction, Limited, 
14, Hanover-square, London, W.1. Electrical equip- 
ment was provided by the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2. 
The coach of each vehicle is overhung, both at the 
front and at the rear, on a four-wheeled chassis, which 
has a wheelbase of 19 ft. and allows for a minimum 
turning radius of 66 ft. Twin wheels are fitted at the 
rear, and single wheels at the front; all wheels are 
interchangeable and are fitted with pneumatic tyres. 
The rear axle is of the fully-floating type, and the 
king-pin angles at the front are arranged to give 
centre point steering. 

Twenty-two of the 43 seated passengers are accom- 
modated on forward-facing seats, which are disposed 
on opposite sides of a 2-ft. wide central gangway. 
At busy periods, up to 60 standing passengers are 
allowed. The driver’s cab is on the left and is housed 
in the main body of the coach. Passengers enter 
through a side door, to the right of the driver, ana leave 
by a door on the same side towards the rear of the coach. 
Both doors are of the double-folding hinged type, and 
are operated by electro-pneumatic gear controlled by 
the driver. This control can be overridden in an 
emergency, though the vehicle cannot be started unless 
the exit door is closed. An emergency door is fitted at 
the rear on the left-hand side. All exterior panelling 
is of an aluminium alloy. The roof has a double skin, 
which is filled with aluminium foil to provide protection 
against noise and extremes of temperature. Air ducts 
between the skins lead to ventilating grids in the 
ceiling of the saloon. All windows are glazed with 
safety glass, and are equipped with roller blinds. 

Each vehicle is driven by a 550 to 600 volt direct- 
current motor, which, at its normal speed of 3,000 
r.p.m., develops 150 h.p., at a one-hour rating. The 
motor is a four-pole interpole machine, with laminated 
pole-pieces; a heavy series winding is wound in 
opposition to a light shunt winding, the motor being 
arranged for series-dynamic control. Only the series 
field is used during motoring, the higher speeds being 
obtained by current diversion. During braking, which 
is rheostatic, only the shunt field is used, the electrical 
energy then generated being dissipated in the starting 
resistances. Braking is augmented by an air operated 
brake. The motor is provided with an air cleaner, 
and is self-ventilated and both flood-proof and splash- 
proof. A low-voltage generator, overhung on the 
driving motor, is used for charging two 32 volt 60- 
ampere-hour batteries, which supply power for the 
lighting services and for emergency driving. The 
batteries are connected in parallel for charging and 
lighting, but are operated in series for driving. Radio- 
interference suppression equipment is fitted, silicon- 
carbide absorbers being used to minimise the voltage 
surges generated during contactor operation. The 
two booms are each provided with a current collector, 
which is fitted with a carbon shoe. When the vehicles 
arrive in Brazil, it is proposed to fit each boom with 
a retriever device which will be set in action if the 
booms should leave the wire. All the main control 
equipment is housed in two dustproof cases one at 
the front beneath the driver’s seat and the other at 
the rear of the coach. The rear equipment, which 
includes the starting rheostats, is accessible through 
doors set in the rear panel. 





BRITISH STANDARDS INSTITUTION.—The annual general 
meeting of the British Standards Institution, 24-28, 
Victoria-street, London, S.W.1, is to be held on Wednes- 
day, July 21, at 3 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria Embankment, London, 
W.C.2. 








Io 


ENGINEERING. 


JULY 2, 1948. 








LAUNCHES AND TRIAL TRIPS. 


M.S. “ BrRITIsH FoRTUNE.”—Single-screw tanker built 
and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. First of seven. 
Main dimensions: 423 ft. by 56 ft. by 30 ft. lin.; dead- 
weight capacity, about 8,400 tons on a draught of 25 ft. 
Doxford three-cylinder opposed-piston balanced oil 
engine, of 2,500 b.h.p., with a service speed of 11 knots. 
Launch, June 9. 


S.S. “‘ ScorepYK.”—Single-screw cargo vessel, built 
and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the Holland-America Line, Rotterdam. 
Main dimensions: 495 ft. by 65 ft. 6 in. by 41 ft. 6 in.; 
gross tonnage, about 10,100. Parsons triple-expansion 
double-reduction geared turbines of 10,500 s.h.p. Launch, 
June 10. 


S.S. “‘ Marna.”—Single-screw cargo vessel built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, to the order of Messrs. Dampskibsselskabet 
Marna A/S., Oslo, Norway. Main dimensions: 329 ft. by 
46 ft. by 28 ft. 6in. to shelter deck ; deadweight capacity, 
about 3,530 tons on a draught of 18 ft. 7} in. Fredriks- 
stad four-cylinder double-compound steam motor with 
two coal or oil-burning boilers. Trial trip, June 10. 


M.S. “‘ HOLBERG.”—Single-screw cargo vessel, carrying 
nine passengers, built by Messrs. Smith’s Dock Company, 
Limited, South Bank-on-Tees, Yorkshire, for Messrs. 
Aktierederiet Seljan (Paul Jebsen), Bergen, Norway. 
Main dimensions: 330 ft. by 48 ft. 9 in. by 29 ft. 9 in. 
to shelter deck ; deadweight capacity, about 3,950 tons 
on a draught of 19 ft. Three-cylinder opposed-piston 
Wallsend -Doxford oil engine, of 2,100 b.h.p., supplied and 
installed by Messrs. Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne. Speed, about 
13 knots. Launch, June 21. 


S.S. “ Pompey Power.”—Single-screw collier, built 
by Messrs. S. P. Austin and Son, Limited, Wear Dock 
Yard, Sunderland, to the order of the City of Portsmouth 
Corporation. Main dimensions: 242 ft. by 36 ft. 6 in. by 
16 ft. 6 in.; deadweight capacity, about 1,780 tons. 
Triple-expansion engines of reheat design constructed 
and installed by the North Eastern Marine Engineering 
Company (1938), Limited, Sunderland, to give a loaded 
speed of 104 knots. Launch, June 21. 


M.S. “Star OF AssuAN.”—Single-screw cargo vessel, 
carrying 36 first-class passengers, built by The Caledon 
Shipbuilding and Engineering Company, Limited, Dundee, 
fer the Mediterranean service of The Alexandria Naviga- 
tion Company, Limited, Alexandria. Main dimensions: 
375 ft. by 55 ft. by 32 ft.; deadweight capacity, 6,200 tons 
on a draught of 23 ft.6 in. Doxford-type engines sup- 
plied by Messrs. Scotts’ Shipbuilding and Engineering 
Company, Limited, Greenock, to give a speed of 13 knots. 
Launch, June 21. 
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POOLE INDUSTRIAL PRODUCTS EXHIBITION.—Last 
week an exhibition of industrial products, made by 
craftsmen in local works, was held in Poole Park, Dorset- 
shire. The official guide to the exhibition shows that the 
stands, of which there were 57, were arranged in a 
number of large marquees. Among the engineering 
exhibits were rotary air compressors, gas- and oil-burning 
equipment, machine tools, tubular-steel products, 
electrical apparatus, motor dinghies and other craft, 
diamond wire-drawing dies, building materials, ceramics, 
and agricultural implements. The exhibition was 
promoted by a committee, the chairman of which was 
Alderman S. F. Langridge, J.P., Mayor of the Borough 
and County of the Town of Poole, Municipal Buildings, 
Poole, Dorset. 





“ GROTECHNIQUE,” A JOURNAL ON Som MECHANICS.— 
A copy of volume I, number 1, of a bi-annual journal 
entitled Géotechnique, published by the Geotechnical 
Society, 123, Victoria-street, London, S.W.1, has come 
to hand. Its purpose is to promote international colla- 
boration between investigators in soil mechanics and 
related sciences, to publish papers on specialised aspects 
of these subjects, to encourage the pursuit of engineering 
geology and to make the results of research available to 
the practising engineer. The number contains a fore- 
word by Professor K. Terzaghi, of Harvard University, 
and articles, in English, by Professor A. W. Skempton, 
on geotechnical properties of clays; by Dr. A. von Moos, 
of Ziirich, on engineering geology in Switzerland; by 
Messrs. A. W. Bishop and V. H. Collingridge and Dr. T. P. 
O’Sullivan on tests on concrete piles in gravel; and by 
Mr. H. Q. Golder on Coulomb and earth pressure. Two 
articles in Frencb are also included ; the one by Dr. E. E. 
De Beer, of Brussels, on data relating to resistance to 
shearing stresses, and the other by Messrs. J. Florentin 
and G. L’Heriteau, of Paris, on pre-consolidated marls. 
The number concludes with a book review and a biblio- 
graphy. The temporary editors are Mr. R. Glossop 
and Mr. H. Q. Golder. The price of the number is 10s. 
and the annual subscription is 11. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Broadcast Reception—The Codes of Practice Com- 
mittee for Civil Engineering, Public Works and Build- 
ing, working under the zgis of the Ministry of Works, 
have issued, for comment, draft sub-code No. 327.201, 
dealing with “‘ Broadcast Reception: Sound and Tele- 
vision by Radio.” It deals with the basic requirements 
for good reception and applies only to installations for 
use in temperate climates. The code is primarily 
intended for the servicing of new buildings, although 
much assistance will be obtained from it where existing 
buildings are to be equipped. Stress is laid on the 
need for early liaison between all contracting parties 
so as to ensure that the type of apparatus required, 
its accommodation and the arrangements for wiring 
are satisfactory. The design section of the code deals 
fully with aerial systems, and the siting of aerial and 
earth connections and power supply. The causes of 
electrical interference are examined and advice is 
given for reducing this trouble and for minimising the 
risk of dangerous voltages arising on telecommunica- 
tions circuits. Comments received up till July 24 
will be examined by the Code and Drafting Committee. 
[Price 5s., postage included, reference CP(B) 743.] 

Sound Distribution Systems.—Another draft sub-code 
issued for comment by the Codes of Practice Committee 
for Civil Engineering, Public Works and Building, is 
No. 327.300, which concerns “Sound Distribution 
Systems for Large Buildings.” It affords guidance on 
the installation of sound distribution systems consisting 
of loudspeakers permanently installed in buildings or 
in open spaces associated with buildings and fed from 
amplifiers. The aural results obtainable are classified 
in two grades of quality. Guidance is given on the 
selection of amplifying equipment, loud speakers and 
headphones and the installation of cabling and wiring, 
both internal and external, is dealt with. Comments 
received up till July 24 will be examined by the Code 
and Drafting Committee. [Price 5s., postage included, 
reference CP(B) 744.] 


Wood-Block Flooring—A further draft sub-code, 
No. 201.102, issued for comment by the Codes of 
Practice Committee for Civil Engineering, Public Works 
and Building, relates to ‘‘ Wood-Block Flooring.” 
This deals with the selection and laying of hardwoods 
and softwoods, in block form, as flooring on concrete 
and other rigid sub-floors. The code contains advice 
on the preparation of the surface of the sub-floors 
and on the laying of the wood blocks with cold and 
hot adhesives. Difficulties arising from slipperiness, 
junctions with other types of flooring, and the proxi- 
mity of localised sources of heat, are dealt with. 
Comments received up till July 31 will be examined by 
the Code and Drafting Committee. [Price 2s., postage 
included, reference CP(B) 742.] 





BOOKS RECEIVED. 


Photoelectric Cells in Industry. By R.C. WALKER. Sir 
Isaac Pitman and Sons, Limited, Parker-street, Kings- 
way, London, W.C.2. [Price 40s. net.] 

Spotlight on Derby. A Review of Derby the Manufacturing 
Centre and Derby the Town. Estates and Housing 
Director, Corporation-street, Derby. 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 371. Rate of Propagation of Fatigue Cracks 
in 12-Inch by 2-Inch Steel Plates with Severe Geometrical 
Stress-Raisers. An Investigation Conducted in Co-opera- 
tion with the United States Coast Guard. By PROFESSOR 
WiILsuR M. Wuson and James L. BuRKE. [Price 
35 cents.) No. 372. The Effect of Non-Uniform Dis- 
tribution of Stress on the Yield Strength of Steel. By 
DmITRY MARKOVIN and OMAR SIDEBOTTOM. [Price 
50 cents.] No. 373. History of Building Foundations 
in Chicago. An Investigation Conducted in Co-operation 
with the Western Society of Engineers and the Illinois 
Section, American Society of Civil Engineers. By 
RALPH B. Peck. [Price 40 cents.] No. 374. The 
Free Surface Around, and Interference Between, Gravity 
Wells. By ProressoR HaROLD E. BABBITT and 
Davip H. CALDWELL. [Price 50 cents.] The Director, 
Engineering Experiment Station, University of Illinois, 
Urbana, Illinois, U.S.A. 

Waterloo Station Centenary, 1848-1948. One Hundred 
Years in the Life of a Great Railway Station. By 
H. G. Davis. British Railways, Southern Region, 
Waterloo Station, London, S.E.1. [Price 1s.] 

Department of Scientific and Industrial Research. Report 

of the Chemistry Research Board for the Period 1938-1946. 

With Report of the Director of the Chemical Research 

Laboratory for the Year 1946. H.M. Stationery Office, 





Kingsway, London, W.C.2. [Price 1s. 3d. net.] 





PERSONAL. 


Sm Roy H. Dosson, C.B.E., F.R.Ae.S., managing 
director of A. V. Roe and Company, Limited, and a 
director of Hawker Siddeley Aircraft Company, Limited, 
has been elected President of the Society of British 
Aircraft Constructors for 1948-49. Mr. W. T. GILL has 
been elected vice-president. Mr. W. R. VERDON SMITH, 
M.A., B.C.L., President of the Society from 1946 to 1948, 
has been elected deputy-president. 

Dr. H. SCHOFIELD, C.B.E., B.Sc. (Lond.), M.I.Mech.E., 
M.1.Struct.E., F.Inst.P., has been elected President of 
the Institution of Production Engineers, 10, Seymour- 
street, London, W.1, for the 1948-49 session, in succession 
to Mr. N. RowBoTHaM, C.B.E. Mr. J. E. HI has been 
appointed chairman of Council and Mr. W. C. PUCKEY, 
vice-chairman. 

Mr. F. W. HALLIWELL, M.I.Mech.E., M.I.P.E., has 
been re-elected President of the Gauge and Tool Makers’ 
Association, Standbrook House, Old Bond-street, 
London, W.1, for the session 1948-49. Mr. H.S. HOLDEN 
has been re-elected chairman, Mr. A. L. DENNISON, 
M.I.P.E., vice-chairman, and Mr. R.KIiRcHNER, M.I.P.E., 
A.M.1I.Mech.E., honorary treasurer. 

Mr. R. H. Bates, M.B.E., has been elected chairman 
of the British Cast Concrete Federation, 17, Ambherst- 
road, Ealing, London, W.13, for the ensuing year, in 
succession to Mr. H. W. JENKS, M.B.E. MR. M. GIRLING 
has been elected vice-chairman. Mr. N. F. SPENCE 
has been re-elected President. 

Mr. L. R. PERKINS has been elected chairman of the 
Association of Supervising Electrical Engineers for the 
year 1948-49. Mr. S. H. Harpina, A.M.I.E.E., has 
been elected vice-chairman, and Mr. E. J. SUTTON, 
M.I.E.E., honorary treasurer. 

Mr. J. M. WALDRAM has been elected President of the 
Illuminating Engineering Society, 32, Victoria-street, 
London, 8.W.1, for the 1948-49 session, in succession to 
Dr. J. W. T. WALSH. 


Mr. L. J. KASTNER, M.A. (Cantab.), M.Sc. (Manch.), 
A.M.I.Mech.E., senior lecturer in the Department of 
Engineering, University of Manchester, has been elected 
Professor of Mechanical Engineering at the University 
College of Swansea, in succession to Professor R. N. 
Arnold, Ph.D. (Sheffield), D.Sc. (Glas.), M.I.Mech.E., 
who relinquished the appointment in 1946 to take up 
that of Regius Professor of Engineering at Edinburgh. 


Mr. F. WALKER, M.I.Mech.E., chief engineer, Dunlop 
Rubber Company, Limited, Fort Dunlop, Birmingham, 
has been appointed chairman of the reconstituted Midland 
Regional Fuel Efficiency Committee and a member of 
the Central Fuel Efficiency Committee of the Ministry of 
Fuel and Power. 


Mr. EDWARD W. THOMPSON, M.A., who has been sole 
managing director of John Thompson, Limited, since 
1945, has been appointed chairman and managing director. 
To assist him, Mr. J. H. N. THOMPSON and Mr. J. WILSON 
Perry have been appointed joint managing directors. 


Mr. W. G. Marks, M.Inst.T., general manager, 
Liverpool Corporation Transport since 1933, retires this 
month under the age limit. His successor is Mr. W. M. 
HAL, B.Sc., M.I.Mech.E., hitherto deputy general 
manager of the undertaking. 


Mr. A. GREASLEY SMITH, Electrical Engineer (London), 
Eastern Region of British Railways, retired on June 23. 
His successor is Mr. J. R. SHEWAN, A.M.I.E.E. 


Mr. J. D. PEARSON, Wh.Sc., B.Sc. (Eng.) (Lond.), 
A.M.I.Mech.E., formerly chief quality and service 
engineer, Rolls-Royce Limited, Derby, has been appointed 
general sales and service manager of the firm’s Aero 
Division. Dr. E. WaRLOw-Davies has succeeded Mr. 
Pearson as chief quality and service engineer. 


Mr. J. B. PEARSON, chairman of Messrs. Cowans, 
Sheldon and Company, Limited, Carlisle, has temporarily 
resumed the office of managing director vacated by MR. 
P. B. TucKER, who has resigned from the company. 


Mr. T. P. Srrarrorp, formerly district operating 
manager at Crewe, British Railways, London Midland 
Region, has been appointed district traffic superintendent, 
Carlisle, and Mr. R. J. Powg.t, previously district 
controller, Carlisle, has been appointed assistant district 
traffic superintendent, Carlisle. 


MEssrs. JOHNSON AND PHILLIPS, LIMITED, Victoria- 
way, Charlton, London, S.E.7, announce that they and 
their subsidiary companies, BRITISH NATIONAL ELECTRICS 
LIMITED and AURORA LAMPS LIMITED, bave removed 
their Glasgow office to 106, Hope-street, C.2, leaving the 
whole of the Bothwell-street premises as a store. A new 
branch at 3, Forth-street, Edinburgh (telephone, Bypass 
3392), is shortly to be opened under the managership 
of Mr. BrRucE RUSSELL. 


THE INSTITUTION OF FACTORY MANAGERS and the 
INSTITUTION OF WORKS MANAGERS amalgamated on 
July 1, the name of the new body being “‘ INSTITUTION OF 
WORKS MANAGERS.” The registered office of the Institu- 
tion is 67-68, Chandos-place, London, W.C.2. 
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NOTES FROM THE NORTH. 
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GLasGow, Wednesday. 

Scottish Steel.—A mishap occurred at Stewarts and 
Lloyds Clydesdale Steelworks, Mossend, last week, when 
the roof of one of the furnaces collapsed. This means 
that, for a number of weeks, 900 tons of steel ingots a 
week will be lost. Elsewhere, however, the production 
of both steel and pig-iron has been well maintained ; 
a record pig-iron output from Colvilles of 11,000 tons in a 
recent week has been reported. Scrap supplies show 
little sign of improving beyond daily requirements, and 
some anxiety is still felt regarding stock reserves. Steel- 
makers and re-rollers have been vey busy on the com- 
pletion of Period 2 orders due for shipment. Consider- 
able tonnages were shipped during the past week to 
Sweden, Finland, and the Middle East, inciuding sheets, 
sections, bars, and a large quantity of tubes among 
other finished goods. A share of the recent order placed 
by Belgian Congo consumers with British makers has 
been received here. The order is being interpreted in 
Scotland as an indication that buyers are turning away 
from higher prices. Some shipments were also made to 
eastern ard western Canada, A local firm of re-rollers 
has received, from Jamaica, ap order for 130 tons of 
wrought-iron bars, specification 1-in. round. This has 
directed attention again to the merits of this material 
where the question of corrosion is of paramount import- 
ance. In the home trade, fair supplies of steel have been 
made available, although considerable disquiet exists 
regarding shipbuilding steel, and, last week, two sbip- 
builders gave warning that supplies at the present level 
could only result in unemployment in their yards ; one 
spokesman went so far as to suggest that the pinch 
would probably come in the course of the next few 
months. 


Scottish Coal.—Deep-mine outputs are still failing to 
reach the weekly target of 500,000 tons, aud in the 
week ended June 19, the total was only 474,700 tons, 
made up as follows :—Lanarkshire, 185,400 tons; Fife, 
139,000 tons ; the Lothians, 75,700 tons; and Ayrshire, 
74,600 tons. The short output affects exports principally, 
as scheduled commitments for internal users have to 
be met. Supplies are moving steadily to gasworks, 
electric power stations, coke-ovens, and general industrial 
users on practically the fail allocation basis. Graded 
fuel is in short supply, althougb in Ayrshire some improve- 
ment has followed the initiation, a week or two ago, of a 
scheme for washing a proportion of opencast smalls. 
Despite maximum throughputs at the coke-ovens to 
meet the sustained demand for blast-furnace coke, stocks 
of coal are good, and the position generally is much 
better than last year. Steady outputs of anthracite are 
being obtained, and periodic shipments of beans and gum 
ate being dispatched to the Netherlands, while a cargo 


of large anthracite was shipped coastwise to London last 
week. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The demand for local brands of pig 
iron and hematite iron is very strong, and available 
supplies are being dealt with quickly at the steel furnaces. 
Some firms have received rather more satisfactory 
supplies of iron and steel scrap, but stocks have not yet 
reached a comfortable level. There is full production 
of steel and some record outputs have been achieved, 
but supplies of specific sorts are insufficient to meet the 
requirements of makers of steel products who are having 
to make use of some steel imported from the United 
States and Canada, and use higher-grade steels of local 
manufacture. Finished iron is in strong request and is 
being brought into Sheffield from the surrounding 
district. A much bigger output of stainless steel is 
required to satisfy numerous users; progress is being 
made with an important scheme for the production of 
stainless-steel sheets and strip, but it will be some time 
before it is in full operation. Makersof iron- and steel- 
works plant and machinery are pushing on with some 
valuable orders. Wagon building and repair shops are 
actively employed, and there are heavily-filled order 
books for materials for the building and repair of loco- 
motives, carriages and wagons. Activity prevails in 
colliery engineering works, and there is a big demand for 
wire rods and wire ropes. 


South Yorkshire Coal Trade.—Coal outputs are not 
improving, and the position is made worse by persistent 
absenteeism, steps to counter which are being taken by 
the Coal Board in conjunction with pit consultative 
committees. Industrial concerns are trying to build up 
their stocks at the same time that export business in 
coal is increasing. Bigger outputs of opencast coal have 
been recorded. Coking coal is needed in larger quan- 
tities to meet the requirements of the coke works, which 
are being pressed for bigger deliveries of hard coke. 
Gas coke isin fairsupply. House coal isin good demand ; 
merchants need fuller supplies to permit stocks to be 
accumulated for the winter. 





NOTES FROM THE SOUTH-WEST. 
CarpiFF, Wednesday. 

Welsh Coal Trade.—The announcement of the resigna- 
tion of General Sir Reade Godwin-Austen, chairman of 
the South Western Divisional Coal Board, which will take 
effect as and from August 1 next, came as a surprise in 
the South Wales coal trade during the past week. No 
reason was given for the step, either by the Coal Board, 
who merely confirmed the resignation, or by the chairman 
himself. It was disclosed that the resignation was 
handed in on April 22 last, and normally the chairman 
would not have resigned until next year, when he would 
have reached the age of 60. The chairman made it clear 
that there was no question of any plot of any kind by 
any party of individuals against the N.C.B. Another 
surprise was provided by information that the price of 
certain Welsh coals would be advanced for export 
purposes. The demand from overseas for the better sorts 
bas been growing, and it was stated that the best large, 
as well as some of the other descriptions, would be 
advanced from July 1. There was no indication of the 
exact extent of the rises, but it was stated that they 
would not affect present contract supplies; neither 
would the price of coals for industrial purposes inland 
or for bunkers be affected. Domestic coals in South 
Wales, however, would be 5d. per ton dearer, although, 
in this case, no advance would be passed on to consumers 
taking less than 10 cwt. at atime. The demand on the 
steam-coal market has been almost impossible to satisfy 
throughout the past week. Allocations already made 
were sufficient to absorb all the coal that could be spared 
for export and a good deal of the overseas demand 
could not be met. There were indications that alloca- 
tions for July would be on the same scale as in the past 
few months. Home needs remained heavy, and provided 
a ready outlet for almost the whole of current outputs for 
some months to come. Cokes and patent fuel were in 
brisk request, but were not easily obtained. 

Swansea Steel-Sheet Industry.—The market reports 
issued by the Incorporated Swansea Exchange states 
that, last week, the home demand for tin-plates was 
maintained as consumers continued to cover their 
requirements for the third quarter of the year. The 
export market, on the other hand, was quiet and sales 
were limited. There are no signs of any relaxation in the 
demand for steel sheets, which continues to be in excess 
of the production. Steelmakers are pressing for larger 
quantities of scrap iron and steel of all descriptions. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers continue 
to run their plants at the limit of capacity, but the 
aggregate tonnage output is still insufficient for the 
enormous requirements of home and overseas customers. 
Fuel delivery is on a less unsatisfactory scale than was 
threatened recently, but bigger supplies of both coal and 
coke would be very welcome. The output of Cleveland 
iroastone has not improved to the extent expected, but 
imports of high-grade foreign ores, while showing some 
reduction are stil] at a level that covers the users’ actual 
needs. At the same time, the prospects regarding 
overseas ore supplies are not wholly reassuring. Fears 
are expressed of a shortage towards the end of the year. 
The demand for iron and steel scrap is still considerably 
larger than the merchants can meet. Deliveries from 
home sources of supply are on a substantial scale but 
imports are a good deal below expectations. Semi- 
finished and finished classes of iron and steel are still in 
strong request. 


Foundry and Basic Iron.—The scarcity of foundry pig, 
coupled with the serious shortage of iron scrap, continues 
to restrict the make of castings and other finished 
commodities, the demand for which is brisk. Very 
little other than Midland foundry pig is now being used 
at North-East Coast consuming plants, and there is no 
likelihood of a resumption of the production of Cleveland 
brands. Basic blast-furnaces are turning out sufficient 
tonnage for the current needs of local steel works, but 
there is no surplus for building up stocks. 


Hematite, Low-Phosphorus and Refined Ivon.—The 
limited make of East-Coast hematite is rapidly taken up 
by regular customers and there is no reduction in the 
demand for larger deliveries than are coming forward. 
The outputs of low- and medium-phosphorus grades of 
iron are steadily absorbed and manufacturers of refined 
iron have bookings that wil! keep their plants actively 
engaged for some time. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron producers have substantial contracts to 
execute and steel manufacturers have overwhelming 
commitments. Deliveries of steel semies are on a some- 
what improved scale, but users continue to press for still 
larger supplies. Re-rollers have numerous orders in hand 
and could enlarge their already heavy outputs further if 
more billets, slabs and steel bars were obtainable. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—West London Branch: Tuesday, July 6, 7 p.m., Town 
Hall, Hammersmith, 8.W.6. “‘ High-Frequency Heat 
Treatment,” by Mr. A. Doveton. North-West London 
Branch: Tuesday, July 6, 7.45 p.m., St. Hilda’s Hall, 
Northolt-road, South Harrow. “Electric Resistance 
Welding,” by Mr. H. E. J. Butler. South-East London 
Branch: Tuesday, July 6, 7.45 p.m., Castle Hotel, High- 
street, Eltham. Discussion on ‘“‘ Works Internal 
Electric Vehicles.” North London Branch: Thursday, 
July 8, 8 p.m., Lacey Hall, Hazelwood-lane, Palmers 
Green, N.13. ‘‘ Unusual Installations,” by Mr. L. W. 
Marshall. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 8, 7.30 p.m., The 
Y.M.C.A., Connaught Rooms, Blackett-street, Newcastle- 
upon-Tyne. ‘“ Insulation,’ by Mr. D. Bryce. Liverpool 
Branch: Thursday, July 15, 7.30 p.m., 9, The Temple, 
24, Dale-street, Liverpool. ‘‘ The Blackpool Tower,” 
by Mr. G. W. Foster. 





CONTRACTS. 


Messrs. SmM0N-CARVES LIMITED, Cheadle Heath, 
Stockport, have obtained a contract from the Sydney 
County Council for steam-generating plant for the “ B”’ 
extension of the Bunnerong Power Station, Sydney, 
Australia. The plant will supply 265 tons of steam per 
hour for the generation of 67,000 kW. The contract 
comprises two boiler units with all auxiliaries, electrically- 
driven feed pumps, steam and feed pipework, electro- 
static dust precipitators and a reinforced-concrete 
chimney. The boilers will be of the firm’s tri-drum 
twin-flow cold-feed type, each boiler having a maximum 
continuous rating of 300,000 lb. per hour of superheated 
steam at 650 lb. per square inch pressure and a tempera- 
ture of 850 deg. F. They will be fired by pulverised fuel 
and will have full automatic combustion control. 

Messrs. FERGUSON BROTHERS (PORT-GLASGOW), 
LimiTeD, Newark Works, Port-Glasgow, have received 
an order from Falkland Shipowners Limited, 15, Moor- 
gate-street, London, E.C.2, for a single-screw whale- 
catching steamer. The vessel will be constructed under 
the survey of Norske Veritas and will be specially 
strengthened for working in ice. Steam reciprocating 
propelling machinery of Fredrikstaad design will be 
supplied by Messrs. Rankin and Blackmore, Limited, 
Greenock. 


Messrs. LEONARD FAIRCLOUGH, LIMITED, Adlington, 
Lancashire, have been given the contract for the recon- 
struction, on behalf of the Ministry of Transport, of 
bridge No. 24 carrying the London-Coventry Road 
(A. 45) over the Whitacre-Hampton-in-Arden branch 
railway at Stonebridge, Warwickshire. The contract has 
been placed by the London Midland Region of British 
Railways. The present cast-iron girder bridge with 
stone abutments, built to span two railway tracks, will 
be demolished and a new steel and concrete structure of 
greater strength will be erected over the single railway 
track now in use. The new bridge will be of the single- 
span type, supported at each erd on new concrete abut- 
ments faced with brickwork. It will have a total width 
of 35 ft. 3 in. 





Symposium ON THE REFINING OF METAIs.—The 
Council of the Institution of Mining and Metallurgy, 
Salisbury House, Finsbury-circus, London, E.C.2, have 
decided to arrange a “‘ Symposium on the Refining of 
Non-Ferrous Metals,” to be held in London on July 7 and 
8, 1949. These two dates are the Thursday and Friday 
of the week preceding the Fourth Empire Mining and 
Metallurgical Congress. Prospective authors and others 
interested are requested to communicate with the 
secretary of the Institution. 





NAVAL ORDNANCE INSPECTION JOURNAL.—A copy of 
the first number of a new Admiralty publication, bearing 
the title, Naval Ordnance Inspection Journal, has been 
sent to us by Major A. E. Thresh, M.C., the business 
manager, who is serving at the Royal Ordnance Factory, 
Glascoed, Usk, Monmouthshire. The journal is intended 
to be a personal link between the widely-scattered 
stations of the Naval Ordnance Inspection Department. 
In addition to departmental news, a number of technical 
and other articles are included. Of great interest to past 
and present members of the staff is an article by Mr. H. 
Broadhead, M.B.E., entitled ‘“‘How It All Began.” 
This retraces the history of the department since its 
foundation on February 1, 1888, in Surrey-street, 
Sheffield, its removal, in 1911, to Janson-street, Sheffield, 
and its subsequent activities. Communications and 
orders for copies of the journal should be addressed to 
C.I.N.O. Editorial Office, Room 33, Block “C,” 





Admiralty, Ensleigh, Bath, Somerset. 
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35 & 36, BEDFORD STREET, STRAND, 
‘LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


10 0 
£4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” “Situations 
Wanted,” “ Tenders,” ete,, is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of @ box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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RAILWAY ACCIDENTS IN 
1947, 


DurinG the year 1947, the number of passengers 
killed in train accidents on British railways was 93 
and the number seriously injured 248. The total 
number of cases of personal injury, serious and minor, 
was 1,148. These figures are far above those for 
1946, when 34 were killed, 61 seriously injured, 
and the total number of cases of injury was 530. 
Compared with the war years, 1940 to 1945, the record 
for 1947 is even worse, as in that period the annual 
averages were 30 killed and 42 seriously injured ; 
there is no record of minor injuries for these years. 
For the pre-war period, 1935 to 1939, the annual 
averages were 17 killed and a total of 648 cases of 
injury. Before any consideration of the causes 
for the unsatisfactory figures for last year, it may 
be pointed out that a proper appreciation of the 
present position can only be attained by adding 
together the cases of death and serious injury. 
Public attention is paid mainly to the number of 
passengers killed, but in a railway accident the 
probability, or possibility, of a case of serious injury 
resulting in death is a matter of incalculable chance, 
and from the point of view of railway safety there is 
no difference between the two types of incident. 
On this basis, the record for 1947 is deplorable, the 
figures for 1947, 1946 and the average for 1940 to 
1945 being 341, 95 and 72. 

The suggestion that in an assessment of the 
safety of railway travel, from the passenger point 
of view, cases of death and serious injury should be 
taken together is not advanced by Lieut.-Colonel 
Sir Alan Mount, the Chief Inspecting Officer of 
Railways, in his latest report.* He does, however, 
touch on another aspect of the fact that numerical 
values for fatalities are not, in themselves, a measure 
of railway safety, when he points out that “the 
number of fatalities in individual accidents is 
largely fortuitous.” This is illustrated by the 





* Accidents which occurred on the Railways of Great 





Britain during the year 1947. London: H.M. Stationery 
Office. [Price 9d. net.] 











contrasting results of train accidents in somewhat 
similar circumstances. In a derailment at Leighton 
Buzzard, in 1931, of 200 passengers on the train 
only six were killed, but at Bourne End, in 1945, 
which was a case of derailment at much the same 
speed, of the 400 passengers on board 43 were killed, 
and at Goswick, in 1947, the figures were 28 fatalities 
out of 420. 

With uncontrollable and inexplicable variations 
of this kind, the total number of fatalities necessarily 
varies greatly from year to year, and, for instance, 
only one passenger was killed in a train accident in 
1925, as compared with 72 in 1928, this latter year 
including serious accidents at Darlington and 
Charfield. It might be expected, when the railways 
are considered as a whole, with the number of 
passenger journeys per annum approaching 2,000 
mnillion, that the laws of averages would come into 
play and that over-all figures would be fairly con- 
sistent from year to year. That this is not the case 
with passenger fatalities in train accidents is due to 
the fact that a single incident may dominate the 
figure for any individual year; in the Quintinshill 
accident, during the first world war, 224 passengers 
were killed. If accidents of a type which is not 
subject to influence by large-scale calamity are 
considered, the levelling effect of the average of 
large numbers will be found to operate and, for 
instance, the total number of accidents, deaths and 
injuries, to passengers in non-movement accidents, 
which in 1947 was 2,571, was 2,560 in 1946, and 
2,470 in the period 1935 to 1939; the consistency of 
these figures is striking. 

“The report contains a graph in which the fatalities 
to passengers, and to all persons, in train accidents, 
are plotted for the period 1920 to 1947. The 
comment is made that the graph “‘ shows that those 
train accidents with more serious consequences 
tend to run in cycles.” The remarks made above 
to the effect that the results of serious train accidents 
are arbitrary and incalculable do not suggest that 
the number of deaths in such accidents is likely to 
follow any periodic law, and it is difficult to see that 
the graph shows that they do. There are high peaks 
in 1928, 1937, 1941, 1945 and 1947. The numbers 
of years separating these various peaks are 9, 4, 
4 and 2, which hardly indicates any regularity of 
occurrence. The fact that there are two periods 
of 4 years each is of no significance in view of the | 
short time covered and the greatly different lengths 
of the other intervals. As nothing happens without 
a cause, there is some underlying reason, or reasons, 
for a fatality peak falling in any particular year, 
but the unknowns controlling it are so numerous 
that explanation is impossible, and the graph 
cannot be said to establish that peak years follow 
a periodic law. 

Although the number of deaths in train accidents 
is controlled by a multitude of causes too complex 
to be analysed, it is desirable and necessary to in- 
quire, and if it be possible approximately to determine, 
why 1947 was the worst year on record, apart from 
that which included the troop train accident at 
Quintinshill in 1915. The main reason certainly is 
that it covered three serious train disasters, and a 
case in which a train, running at 55 miles per hour, 
struck a military lorry at a level crossing, 12 persons 
being killed; this figure has been included in the 
total for train accidents, as the train was derailed. 
These incidents account for the greater part of the 
total killed and the important question, looking at 
the matter in its bearing on the general question of 
the safety of railway travel, is why so many serious 
accidents occurred in one year. The graph included 
in the report suggests an explanation. Although it 
can hardly be said to indicate a regular cyclic 
variation of serious accidents, it does show a 
diminishing interval between bad years ; the periods 
of 9, 4, 4 and 2 years have already been quoted. 

Although every individual accident is a case by 
itself and its causes may be unforeseeable, a decrease 
in the time period between such accidents can only 
indicate an overall deterioration in the conditions 
which limit the number. This disturbing explana- 
tion of the bad record of 1947 is substantiated by 
the report. Accidents are due either to mechanical 
or human failure, and Sir Alan Mount suggests that 
in both spheres conditions are unsatisfactory. In 
the mechanical field, this is illustrated by the 
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derailments at Polesworth and Bletchley, which 
would not have occurred “but for the load of 
arrears in track maintenance.” It is added that 
“it is not unfair to attribute both derailments to 
misjudgment in the dilemma which faces engineers 
in their desire to avoid imposing speed restrictions 
to the detriment of operating efficiency while not 
asking too much of track no longer in first-class 
condition.” Shortage of rolling stock and the condi- 
tion of some of the available vehicles also had an 
influence on the severity of accidents. ‘* Over- 
crowding, still unfortunately widespread, was 
another factor which increased the incidence of 
casualty in some cases. Had it not been for the 
war, some of the carriages involved would have been 
scrapped, but it has not yet been possible for new 
construction to commence overtaking arrears of 
renewals.” 

It is suggested that three collisions, those at 
Gidea Park, Doncaster and South Croydon, “‘ would 
probably not have occurred but for the inevitable 
postponement of colour-light signalling schemes.” 
This remark raises the question of human failure. 
It is not contended that the semaphore-signal 
systems in use were defective, nor that if properly 
operated they would not have prevented the 
accidents. Improved signalling with automatic 
train control will minimise the probability of 
accident by decreasing the reliance on human 
judgment and care, but in each of these cases the 
accident was due to human, not mechanical, failure. 
Colonel Mount states that 1947 was a particularly 
trying year for operation and maintenance staffs. 
Drift away from railway employment was hardly 
balanced by intake of new personnel. Maintenance 
of power was difficult owing to heavy usage and to 
retention in service of engines which should have 
been scrapped, difficulties being intensified by poor 
coal and unsatisfactory lubricating oil. Apart 
from factors of this kind, however, it is suggested 
that “‘the underlying cause of increase in human 
failure is probably disturbance of mind and a lessen- 
ing in concentration arising from the unsettling 
times in which we live, following the strain of six 
years of war.” 

This general proposition may be accepted, but it 
is an explanation, not an excuse. Throughout the 
world, there is evidence of a decrease in the sense 
of personal responsibility, and what can only be 
described as a frivolity of conduct, which promise 
but ill for the rehabilitation on which a more satis- 
factory future must depend, and one of the most 
satisfactory features of Colonel Mount’s disturbing 
report is that he is able to record some decrease 
in the number of deaths of railway servants in move- 
ment and non-movement accidents, as compared 
with 1946. Accidents in these categories, not con- 
cerned with accidents to trains, are, in the majority 
of cases, due to human and not mechanical failure. 
It might be supposed that where their own safety is 
concerned railway workers would exercise foresight 
and care, but it has been found necessary to record 
that “‘ want of care on the part of the individual 
worker still continues to be the principal cause of 
accidents to men working on the permanent way,” 
and in coupling accidents, cases of injury ‘‘ were 
largely due to the non-observance of simple rules.” 
The satisfaction expressed above about a decrease 
in the deaths of railway servants in non-train acci- 
dents is reinforced by the facts that serious accidents 
decreased from 2,424 in 1946 to 2,193 in 1947, and 
the total number of accidents from 22,673 to 20,867. 


Casualties to passengers in movement accidents 
are largely due to want of caution, or misconduct, 
on the part of the passengers themselves, and cover 
such cases as attempting to board, or falling from 
the carriages of, moving trains. Some are cases of 
pure misadventure, such as slipping and falling 
from a platform in front of a train. Incidents of 
this kind are probably a direct function of the 
number of passengers travelling and the total, 
conse quently, does not greatly vary between different 
years. The number of passengers killed in such 
accidents in 1947 was 55, the total for 1946 being 86 
and that for the war years 111. This largest figure 
may well be due to the crowded trains and excessive 
passenger traffic of 1940 to 1945, and it is satisfactory 
that the figure for 1947 is the lowest quoted in the 
report. The average for 1935 to 1939 was 69. 





THE UTILISATION OF PEAT. 


No systematic survey of the peat resources of 
Great Britain has ever been carried out, but infor- 
mation contained in various publications of the 
Geological Survey enables estimates to be made. 
The data, however, are so incomplete that figures 
varying from 3-5 to 6 million acres have been 
suggested. The depth of beds varies from a few 
feet to as much as 30 feet. Whatever estimate is 
accepted it is clear that large supplies of the material 
are available, and in view of the fuel difficulties now 
being experienced it is natural to inquire if peat 
might not be exploited as an alternative to coal for 
various purposes. In some countries, peat has been 
used on a commercial scale to a considerable extent, 
but in general, its use has been due to the absence of 
adequate supplies of any alternative fuel ; where coal 
is available it has been given preference. The 
industry of this country was built up on cheap coal 
in abundant supply, but coal is now expensive and 
is likely to remain so and although supplies are 
improving it is only slowly and fuel shortage appears 
likely to continue as a handicap to industry for a 
number of years. In these circumstances, an investi- 
gation into the possibility of increasing the field of 
peat utilisation should be profitable. 

This matter is examined in a recent report* pre- 
pared by the Fuel Research Station. In the absence 
of detailed particulars, it is taken’ as a working 
assumption that an area of 1 million acres might be 
exploited at an economic cost and raw peat to a 
depth of 6 ft., and containing 90 per cent. of water, 
be won. This would represent some 1,000 million 
tons of air-dried peat containing 25 per cent. of 
moisture. In considering commercial possibilities, 
much weight must be given to the location of 
supplies and the question of transport. There are 
extensive peat beds in the Western Isles of Scotland, 
but the cost of transport to the mainland would 
probably render their exploitation uneconomic and 
the sparseness of the population would rule out 
extensive local utilisation. Air-dried peat has a 
density corresponding to 120 cub. ft. per ton, as 
compared with about 46 cub. ft. for coal, so that 
peat occupies 2} times the volume of an equal weight 
of coal. Its calorific value, moreover, is only half 
that of coal, so that in terms of heat value a railway- 
wagon load of peat is equivalent to only one-fifth of 
a load of coal. This condition may raise transport 
costs to an uneconomic level, even in the case of 
peat deposits in relatively accessible situations. 

For small-scale domestic use, peat is cut by hand, 
but such a procedure would be uneconomic on a 
commercial scale in Great Britain under present 
conditions. Hand winning is still being practised 
to a very large extent. In Eire of a production of 
about five million tons a year, only about 100,000 tons 
are cut by machine, but wage rates are lower in 
Eire than in Great Britain, and, apart from this 
consideration, in most places in the former country 
no alternative fuel is available. Peat is machine 
cut, both on the Continent and, to some extent, in 
Canada, but it is possible that the experience gained 
in Eire is the most directly applicable to this country. 
It has been found there that the minimum area which 
can be developed profitably is one of 400 to 500 acres. 
The bog should be as long as possible, to reduce time 
lost in turning round the excavating machines ; 
1} miles is the minimum economic length. The first 
operation which has to be undertaken is the drainage 
of the bog in order to render it stable enough to 
carry the excavating machines and the light railway 
for the trucks which it feeds. This operation may 
take as much as four years, but when drained, a bog 
will support loads up to 600 Ib. per square feet 
without serious settlement. 

Peat cut in blocks may be air-dried and good 
summer conditions in this country will reduce the 
moisture content to 25 or 30 per cent. Various 
processes of milling and forming into briquettes 
have been practised, the milling greatly speeding-up 
the process of air drying. Artificial dehydration by 
heat or pressure has also been employed, but these 
methods, though economically satisfactory, have not 
been commercially successful. A method of winning 





* The Winning, Harvesting and Utilization of Peat. 
H.M. Stationery Office. [Price 6d. net.] 





peat by means of high-pressure water jets has been 
practised on a fairly large scale in Russia, and to 
some extent in Germany and Denmark ; it is to be 
tried in Eire. The water jets transform the peat mass 
into a pulp which can be pumped to drying grounds. 
The pulp contains 95 per cent. of water, but on a 
cambered drying ground, it drains sufficiently in two 
or three days to be cut up into blocks, which, 
however, require further drying before use. 

In order to improve the performance of peat as a 
domestic fuel, the Industrial Research Council of 
Eire have given much attention of the design of 
appliances, and satisfactory grates and stoves have 
been developed. It does not seem likely, however, 
that these will be adopted in this country where 
coal is normally available, and from the domestic 
point of view peat fuel has the disadvantage that 
it requires 2} times as much storage space as coal of 
equal heat content. Peat is won and marketed in 
this country for horticultural purposes, and to serve 
as litter, but the total quantity concerned is rela- 
tively small and the only demand likely to lead to 
extensive exploitation is for power raising by 
burning the material under boilers or gasifying it in 
producers. The report points out that there is 
no serious difficulty in using peat for steam genera- 
tion and that the economic success of the process 
depends mainly on the cost of the peat delivered at 
the site at which it is to be used. 

A fair amount of work has been done in Germany 
and Russia. In the former, in 1935, there were 
power stations of 10,000-kW and 6,600-kW capacity 
using peat, at which efficiencies comparable with 
those of coal-fired stations were obtained, but it is 
likely that the reason these stations were successful, 
and indeed the reason they were built, was that the 
peat was available on the spot. The same consider- 
ation has dictated the work in Russia, where stations 
up to 200,000-kW capacity are in operation. What 
is called “‘ milled ” peat is generally used. This is 
obtained by cutting a layer about 4 in. thick from 
the surface of the bog. This dries rapidly and the 
coarse powder formed is burned on special grates. 
Some work has been done with pulverised peat, 
but the material is more difficult and more expen- 
sive to pulverise than coal, as it usually contains 
from 25 to 35 per cent. of moisture, which throws 
much work on the driers. It is also apt to contain 
large quantities of fibrous material which cannot be 
pulverised, and a screening operation has to be 
added to the process of preparation. 

If any work were done in this country, it might be 
expected, in the early stages at least, to be based 
on the practice followed in Eire. Hospital Trusts, 
Limited, has an installation at Ballsbridge contain- 
ing three boilers of the Super Economic type, on 
which tests have been carried out with hand-won 
peat, machine-cut peat and peat briquettes. With 
hand-won peat containing 24 per cent. of moisture, 
and with a calorific value of 7,575 B.Th.U. per 
pound, burned on a Turbine furnace grate, an 
average evaporation of 8,852 lb. per hour was 
obtained with a boiler efficiency of 61 per cent. In 
tests at the Fuel Research Station with a hand-fired 
Babcock boiler of a normal rated capacity of 5,000 Ib. 
per hour, an evaporation of 5-18 lb. of water per 
pound of peat was obtained with air-dried peat. The 
boiler efficiency was 65-4 per cent. Steam raising 
by a process of complete gasification of the peat in 
a producer, followed by combustion of the gas in a 
boiler, is also practised in Eire. In tests carried out 
for the Government of that country in 1937, at the 
works of the Renold and Coventry Chain Company, 
at Didsbury, using a Wollaston producer and a 
locomotive-type boiler, the water evaporated per 
pound of peat was 3-76 lb. from the boiler and 
0:31 lb. from the jacket of the producer, giving a 
total efficiency of 75-4 per cent. Equally satisfac- 
tory figures are obtained from hospital installations 
in Eire. Some work has been done at the Fuel 
Research Station on the use of peat as a producer 
fuel in a suction gas plant. This showed that, pro- 
vided adequate arrangements were made to remove 
the large quantities of tar and moisture present in 
the gas, a suitable gas-engine fuel was produced, 
but apparently this particular application of peat 
has not been developed in practice. A further use 
for peat is for the manufacture of peat coke in retorts, 
with recovery of tar and other by-products. 
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ENGINEERING SECTION OF THE BRITISH ASSOCIATION, 
BRIGHTON MEETING. 


A New feature introduced into this year’s proceed- 
ings of Section G (Engineering), at the British 
Association meeting at Brighton, is that the presi- 
dential address on “‘The Young Engineer,” to be 
delivered at 10 a.m. on Thursday, September 9, 
by Professor T. R. Cave-Browne-Cave, C.B.E., 
F.R.Ae.S., M.I.Mech.E., the President of the 
Section, is to be followed by a discussion. Other 
new features comprise two evening lecture meetings 
and a Sectional dinner. The preliminary programme 
of the Section shows that the afternoon of the first 
day, Thursday, September 9, will be devoted to a 
visit to Messrs. C.V.A. Tools, Limited. At 6 p.m., 
the first of the two evening lecture meetings wlll be 
delivered, when Mr. J. G. G. Hempson will speak on 
‘**An Engineer’s Problems in the Measurement of 
Stress and Pressure.” At 10 a.m., on Friday, Sep- 
tember 10, Mr. O. V. S. Bulleid will deliver a lecture 
on “‘ Railway Locomotive Developments,” and this 
will be followed at 11 a.m. by a discussion on ‘‘ The 
Metric System—Arguments for and Against its 
Universal Adoption.”” The speakers will include Mr. 
P. Good, C.B.E., Dr. L. Hartshorn, Mr. P. Johnson 
and Dr. H. S. Rowell, O.B.E. The afternoon will be 
spent on a visit to the Brighton Railway Works. 
The third day, Saturday, September 11, will be 
devoted to a visit to Portsmouth Dockyard, during 
which an address on its development and organisa- 
tion will be given by the Admiral Superintendent, 
Vice-Admiral L. V. Morgan, C.B., C.B.E. The 
Sectional dinner, mentioned above, will be held at 
Brighton Technical College that evening at 7.30. 
On Monday, September 13, from 10 a.m. until 1 p.m., 
a joint meeting with Section A (Mathematical and 
Physical Sciences) will be held and will take the 
form of a discussion on ‘The Application of 
Statistics in Engineering.” In the afternoon a 
visit will be paid to the works of Messrs. Allen West 
and Company, Limited, and at 6 o’clock, the second 
evening lecture will be delivered. This will be entitled 
‘* Fuel and Power Economy, with Special Reference 
to Heat Pumps,” the authors being Professor S. J. 
Davies and Mr. F.G. Watts. On the morning of the 
last day of the meeting, Tuesday, September 14, 
from 10 until 11 o'clock, Sir Harry R. Ricardo, 
F.R.S., will speak on “Diesel Engines.” From 
11 a.m. until 1 p.m., a second joint meeting with 
Section A will be held at which a discussion on 
“Applicable Mathematics” will take place, the 
speakers including Mr. D. N. de G. Allen, Dr. J. A. 
Pope, Mr. F. S. Snow, Dr. G. G. McFarlane and 
Professor W. G. Bickley. The afternoon will be 
devoted to a visit to the works of Ricardo and 
Company (1927), Limited, Shoreham-by-Sea. 


Hicu-Trension Lines CONFERENCE. 


The Conférence Internationale des Grands 
Réseaux Electriques 4 Haute Tension (C.I.G.R.E.) 
opened in Paris on Thursday, June 24, and continues 
until to-morrow, Saturday, July 3. It is being 
attended by over 1,000 delegates from the western 
European countries, as well as from the British 
Dominions and the United States of America. Great 
Britain, in particular, is well represented by some 
160 delegates, who have presented a number of 
papers and are taking their full part in the discus- 
sions. The proceedings, which are being held in 
the handsome buildings of the Fondation Berthelot, 
28, Rue St. Dominique, began with an address by 
M. E. Mercier, Président du Conseil de la C.I.G.R.E., 
in which he called attention to the fact that that 
body had succeeded in carrying on during very 
difficult times. That this had been possible was 
due to the efforts of the members, for, in spite of 
nationalisation, they remained a society of indivi- 
duals from which politics was eliminated, the only 
aim being the furtherance of their profession. It 
was not true, as was so often said, that science had 
gone too far. It might have been wrongly applied, 
but in the end most human troubles would be 
removed with the assistance of technical knowledge. 
Of those who attended some came to impart infor- 
mation and some to acquire it. He offered a hearty 
welcome to both. A short lecture on the French 





ENGINEERING. 


15 











electricity system was then delivered by M. P. 
Ailleret, Président de la Société Francaise des 
Electriciens. He said that during 1947 the amount 
of electricity generated in France amounted to 
26,000 million kWh, of which about half was 
generated by water power. A large programme of 
construction was in hand. This consisted mainly 
of water-power stations in the Alps, and most of it 
would be finished by 1952. A number of steam 
stations using low-grade coal were also being 
extended in the north and east of the country and 
the only increases in plant employing high-grade 
coal were in Paris, where about 100 MW was being 
installed. To bring power from the Massif Central 
to the capital a line had been designed for operation 
at 400 kV, but at, present, this was being worked at 
220 kV. In the afternoon, and on the following 
days, the various subjects coming within the scope 
of the Confererce were considered at a series of 
meetings. These enabled much useful knowledge 
to be interchanged. We propose to deal with the 
more important of them in later issues. 


Domestic HEATING RESEARCH. 


Before the war, more than 60,000,000 tons of 
coal per annum—a third of the total national 
production—were used for domestic purposes. 
About 50,000,000 tons were burned directly, and 
the remainder was used indirectly in the form of 
gas and electricity. These are round figures, 
relating to pre-war conditions when the domestic 
use of coal was not restricted, but when it is recalled 
that the average efficiency of domestic coal consump- 
tion was 20 per cent., it will be realised that an 
enormous quantity of coal was wasted, and that 
to-day even a small increase of efficiency would 
be very welcome to the nation. Housewives are 
not expected to be fuel experts, and if coal is to be 
burned more economically in the home the only way 
to achieve it is to provide more efficient grates, 
stoves and boilers. Furthermore, the design of 
these appliances must be considered in relation 
to the design of houses. The Fuel Research Station 
at Greenwich, of the Department of Scientific 
and Industrial Research, have been investigating 
this problem for many years. Towards the end 
of the war, the work was extended to include 
research into the performance of new appliances 
designed to use fuel economically, and to fulfil the 
improved heating standards recommended for 
post-war housing by the Heating and Ventilation 
Reconstruction Committee (the ‘‘ Egerton ’’ Com- 
mittee), and the Fuel and Power Advisory Council 
(the ‘‘Simon”’ Council). The work was carried 
out in conjunction with other bodies, and the staff 
of the Research Station were in close touch with 
the manufacturers of appliances, who were assisted 
by the findings of investigations. It was found, 
however, that, although the radiation of heat from 
a domestic appliance can be measured with reason- 
able accuracy. the heat transmitted to a room by 
convection is not so readily measured. It would 
not be sufficient to encase an anthracite stove in a 
large box with an air inlet and outlet, and then 
measure the flows and temperatures; such an 
arrangement would not simulate the conditions 
under which a stove operates in a house. For this 
reason, a ‘“‘calorimeter building” has been con- 
structed at the Fuel Research Station, to facilitate 
the testing and improving of domestic heating 
appliances, and when Dr. A. Parker, C.B.E., Director 
of the Station, welcomed representatives of the Press, 
on Tuesday, June 29, he said that they aimed to 
double the efficiency of domestic heating ; eventu- 
ally, they might increase it even more. He gave 
the reasons for the new building as we have 
indicated, and said that it must be regarded as a 
piece of apparatus—although a very large apparatus. 
The calorimeter building, which we hope to refer to 
again ina later issue, is a four-floor brick structure, 
containing four calorimeter “cabinets,” one in 
each corner, on the level of the first floor. Each 
cabinet, containing an appliance under test, is 
12 ft. square and 9 ft. high, to represent a small 
living room, and is contained in an outer chamber, 
20 ft. square and 26 ft. 6 in. high. The conditions 
in the space between the cabinet and the chamber 
are kept constant, and the heat passing through the 
walls, floor and ceiling of the cabinet is measured. 





Gas TURBINES FOR Roap TRANSPORT. 


During the current series of courses on industria] 
gas turbines at the School of Gas Turbine Techno- 
logy, Ladywood, Lutterworth, lectures are being 
given by various specialists who have no connection 
with the school. Usually visitors are excluded from 
attending these lectures, but in view of the wide- 
spread interest shown in the “‘ Centrax ” gas turbine 
for road vehicles, visitors were allowed to be present 
at a lecture given recently by Mr. R. H. H. Barr, 
the designer of the unit, and entitled ‘‘ Gas Turbines 
for Road Transport.’ Mr. Barr introduced his lec- 
ture by pointing out the reasons why hitherto gas 
turbines had been neglected for road transport pur- 
poses, chief of which, in his opinion, were preoccupa- 
tion with aircraft and the difficulties of designing a 
unit of such low power. Nevertheless, he consi- 
dered that the time was rope for their introduction 
into this sphere and went on to give brief details of a 
proposed power plant. Mr. Barr then referred to 
the efficiency of gas turbines and showed that 
although small compressors and turbines may suffer 
a loss of efficiency due to their size, this was by no 
means catastrophic and felt that the subject was 
worth following up. Nevertheless, an engine of, 
say, 200 brake horse-power was required to run at 
between 35,000 and 40,000 r.p.m. and this gave rise 
to many mechanical problems, particularly with 
regard to the design of bearings and reduction gear- 
ing. Other mechanical problems were encountered 
due to the small size of the unit, the most outstanding 
of which was the manufacture of turbine blades. 
Probably these could be cast and fixed to the disc 
either by welding or bulb roots, while a more ambi- 
tious proposal envisaged the casting of the blades 
integral with the disc by a process of precision 
casting ; this last proposal, however, still required 
considerable research. Mr. Barr then discussed the 
advantages to be gained by using gas turbines in 
road-transport vehicles ; these included outstanding 
engine performance, smoothness of running, ease of 
control, and the absence of a clutch and gearbox. 
Furthermore, the absence of cooling and ignition 
systems eliminated two main sources of maintenance 
troubles. With regard to the future, Mr. Barr sug- 
gested that the development of such units is a matter 
which deserved the attention of both the Govern- 
ment and the engineering industry. The immediate 
concentration of resources on what was undoubtedly 
a vital problem could give us the same technical 
superiority in this field that we had established 
already in the field of aircraft. 


Tur LONDON STUDENTS SECTION OF THE 
INSTITUTION OF ELECTRICAL ENGINEERS. 


The Annual Report of the London Students 
Section of the Institution of Electrical Engineers for 
the year ended March 31, 1948, shows that the 
present membership is 3,534, of which 2,406 are 
students and 1,128 graduates under 28 years of age. 
This is nearly 200 more than in the previous year. 
Twelve meetings were held during the session at 
which the attendance ranged from 124 to 46, with 
an average of 95. Except for the Annual General 
Meeting, the most popular gathering was that held 
jointly with the Association of London Students of 
the Institution of Civil Engineers and the London 
Graduates Section of the Institution of Mechanical 
Engineers to discuss three short papers dealing with 
‘Underground Railways.” Several visits were 
also paid, about one-third of them being to places 
having no direct connection with electrical engin- 
eering, such as newspaper Offices and film studios. 
The demand for permits to participate in these 
visits greatly exceeded the supply, as is shown 
by the fact that there were 168 applications to visit 
the E.MLI. recording studios, only 18 of which could 
be accepted. In addition to a number of social 
functions, arrangements have been made for all 
Students Sections of the Institution of Electrical 
Engineers to make a tour of Switzerland during 
August. The party will visit industrial plants and 
installations, including the gas-turbine station at 
Beznau and the underground power station at 
Innertkirchen. During the year a number of 
students from Brussels, Ghent, Liége, Louvain and 
Mons Universities spent several days in London a3 
a return for the hospitality accorded to British 
students last summer. 
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LETTERS TO THE EDITOR. 


PRODUCTION PER MAN HOUR. 
To THE Eprtor OF ENGINEERING. 

Sm,—Your leader of June 4, page 542, related to 
discussions on the above subject, and after reading 
it I was reminded that some time, about 1922, the 
brother of Sir Stafford Cripps, the Hon. Leonard 
Cripps, raised the question with me when discussing 
production costs whether output was related to 
“man hours.” His fervour for this new standard 
of measurement was strong; he implied that no 
other form of comparing production costs was 
capable of yielding the necessary information. In 
fact, to talk and count in “‘ man hours ” automatic- 
ally increased production and certainly the outlook 
was not confused by monetary calculations. Now, 
after 25 years, the term is in general use, but produc- 
tion problems have not dwindled ; rather have they 
increased with the increasing use of the term. 

Between the wars we saw the equation solved 
with varying degrees of success. Then came War 
No. 2, and the fear of economic retribution gave 
place to the fear of military extinction. Output 
mattered more than anything ; costs mattered little ; 
@ very natural change of outlook. Pieces per man 
hour or man hour per piece became a basis for com- 
parison ; actual cost, as a criterion of production, 
had vanished. A veritable workers’ paradise 
existed, and, up to a point, continues to exist. 
But economic retribution was not banished for all 
time ; it is stealthily and relentlessly re-establishing 
itself, and output per man hour will be shown to be 
a false reckoning. After all, we shall again be 
competing with Japanese, Indians, Czechs, Italians 
and the rest, whose man-hour output may be down 
compared with ours ; but cost per piece may also be 
down, and that is the important point. 

What is the cure? might rightly be asked. 
Incentives, only partly and of a diminished order. 
One speaker suggested “‘ must” work is outmoded 
and substituted “ desire ” to work as being the only 
real incentive ; but whether it be “‘ must,” ‘‘ should ” 
or “ desire,” there can be no doubt if we don’t work 
there will only be “ must ”’ left for us; economic 
pressure will dictate that. Can we forestall this 
economically forced readjustment by readjusting 
voluntarily ? We live in austerity now, but there 
are many hundred ways in which economies can be 
effected. Every factory can reduce its costs by 
cutting out frills in administration and privileges. 
Local government can easily be made less expensive, 
central government still easier, but, easier than 
anything, we can introduce a 50 hours week without 
wage increase. We may not achieve the full six 
hours’ output above 44, but it is fair to assume we 
shall have at least 4} hours output to help stave off 
calamity. This shortening of hours was the greatest 
blunder ever made. 

Yours faithfully, 
“* Overcombe,” A. Hoare. 

Nodgham Lane, 

Carisbrooke, I.0.W. 
June 16, 1948. 





ENGINEERING UNITS OF FORCE. 
To THE Eprror oF ENGINEERING. 

Sir,—The subject is confused by the unfortunate 
common use of the word “pound” to designate 
no less than three completely distinct things, a 
mass, a force and a weight. 

These are : (i) a certain definite quantity of mass 
which is presumed to remain constant and invariable 
regardless of its location ; (ii) a certain definite and 
again constant force that will impart to a mass of 
one pound an acceleration of 32-2 ft. per second per 
second, the constant 32-2 being chosen as the 
numerical measure of the assumed mean value of the 
acceleration due to gravity over a certain region of 
the surface of this earth ; (iii) the weight or gravita- 
tional pull actually acting on a mass of one pound, 
at the location of the event, this being a variable 
which depends entirely upon the actual location 
of the event, on, within, or beyond the surface of 
this earth. It produces upon that mass of one 
pound an acceleration which is similarly variable, 
the value again depending entirely upon the location 





of the event, and being usually denoted by the 
symbol ‘‘ g.” 

Surely the difficulties experienced with units 
might be entirely and satisfactorily resolved, on 
the lines of the C.G.S. system, if we were to adopt an 
absolute unit of force, the name of which should be 
sufficiently dissimilar to that used for mass to lessen 
association and confusion of what are, after all, 
essentially different physical phenomena and facts 
or experience. Further, I suggest that the magni- 
tude of that unit should be chosen so that the value 
of the acceleration of unit mass embodied in the 
definition, while being large enough to produce a 
practically useful unit, should be a round number 
differing sufficiently from the value of that due to 
gravity at the surface of the earth to avoid the 
confusion which exists at present. 

It seems to me that the word “‘ pound ” is, at the 
moment, much more closely and specifically allied 
with a mass and the idea of mass than with that of 
force ; and thus that it should be retained for the 
unit of mass. This would require a name to be 
chosen for the unit of force: a word suitable, 
acceptable and, I hope, euphonious. However, that 
is a matter of opinion and a new name for a unit 
of mass is easier to think of than one for force. 

With regard to the choice of units, by which term 
I understand the magnitude of the unit measure of 
the quantity, I cannot comprehend how that can 
possibly in any way affect the essential nature and 
dimensions of any constant involved in equations 
of relation between quantities. By simply reducing 
the value of such a constant to unity you do not 
thereby render it devoid of dimensions. Any 
change which does have such an effect must, I feel, 
be essentially a change in the concept and definition 
of the nature of the quantity itself, and the method 
of measuring its magnitude. The subject is made 
no easier to understand by confusing fact and 
fancy; by trying completely to identify reality 
itself with an idealisation of current mathematical 
description of its observed properties. It appears 
that even the word “‘ force ”’ itself is used to describe 
two such, which seem to be distinct and different 
but which have been equated with results somewhat 
surprising to an engineer. 

Yours faithfully, 
R. A. LAURENCE, 
40, Hedley-street, Lt.-Col., R.E. 
Maidstone. 
June 17, 1948. 





OBITUARY. 


MR. ROBERT MACINTYRE. 


THE news of the death of Mr. Robert MacIntyre 
at his home in Tooting Bec-gardens, Streatham, 
London, S.W.16, on June 23, will be received with 
regret by many in newspaper circles and in the 
shipping communities of London, Glasgow and 
elsewhere. He was born in Glasgow on October 6, 
1864, and entered the offices of The Glasgow Herald 
soon after leaving school. Always diligent and 
anxious to get on, he gradually acquired valuable 
experience on the shipping activities of the River 
Clyde and became a recognised authority on several 
phases of the industry. Among other matters, he 
made a special study of labour questions and 
learned much regarding trade-union history and 
procedure. Mr. MacIntyre came to London as a 
free-lance journalist in 1906, and some years later 
rejoined The Glasgow Herald staff, in London, in a 
part-time capacity. Towards the end of the war 
of 1914-1918, however, he severed this connection 
to join the editorial staff of the weekly shipping 
journal Fairplay. For a number of years he was 
responsible for the ‘“‘ Labour Notes” column 
which has long been a feature of ENGINEERING. 
Towards the end of his life, his movements became 
increasingly restricted through physical disability, 
and for the past eight or nine years he had been 
largely confined to his house ana garden. In spite 
of this, however, he never retired, and, within a 
week of his death, was still producing his column. 
Mr. MacIntyre will long be remembered by 
his colleagues and friends as a kindly and like- 





able personality, a hard worker, and a thoroughly 
reliable journalist. 


PROGRESS IN SOIL MECHANICS.* 


By Proressor Kart von TERZAGHI. 


Wuewn the First International Conference on Soil 
Mechanics and Foundation Engineering was held in 
June, 1936, at Cambridge, Massachusetts, the partici- 
pants looked forward to an era of peaceful development 
and international co-operation in the forging of a new 
and efficient tool for the practising engineer; but, 
three years later, humanity was dragged into a bloody 
conflict which soon engulfed the entire globe, and the 
free interchange of thought and experience was inter- 
rupted for many years. In spite of these handicaps, 
an impressive wealth of new and valuable information 
was gathered in every part of the world, as testified by 
the contents of the papers submitted to this Conference, 
thus demonstrating convincingly that soil mechanics 
responds to a vital need of the engineering profession. 
The proceedings of the first congress gave a oe 
view of the methods used or proposed, before 1936, for 
securing information concerning the conditions for the 
stability of bodies of soil, and the behaviour of soils 
under load ; therefore, it seems appropriate to start the 
Second Conference with a review of the successes and 
failures experienced during the past decade. 

Prior to 1936, fundamental research in soil mechanics 
consisted chiefly in the investigation of the significant 
soil properties by laboratory tests, and in the develop- 
ment of theories of earth pressure, stability and settle- 
ment. In 1936, this pioneering stage was almost 
completed. It had created what may be called an 
ideal pattern of soil behaviour and had placed at the 
disposal of practising engineers a set of theoretical 
concepts covering every important field of soil behaviour. 
The concepts were based on the laws of applied 
mechanics, and on the results of laboratory tests per- 
formed under rigidly controlled conditions on soil 
samples which were believed to be almost undisturbed. 

As soon as the new methods came into general use, 
it became customary to make accurate measurements 
in the field, to compare the results of forecasts with the 
reality. Thus it was found, even before the first 
conference in 1936, that the forecasts pertaining to the 
behaviour of cohesionless soils were essentially correct, 
whereas, in the realm of clay behaviour, various dis- 
crepancies were noticed between forecast and reality. 
Considering the nature of these discrepancies, I issued, 
at the close of my opening address in 1936, an em- 
phatic warning against indiscriminate extrapolation 
from laboratory findings to field behaviour. There 
was no flaw in the reasoning which led from the test 
results to the conclusions; hence we were driven to 
conclude that the discrepancies were due to an impor- 
tant difference between the performance of clay under 
laboratory conditions and in the field. It was obvious, 
therefore, that a radical departure was indicated from 
the original technique of fundamental clay research, 
involving intensified observation of the behaviour of 
clay under field conditions, and modification of the 
concepts in accordance with the findings. Compared 
with this task, all the other types of fundamental soil- 
mechanics research, such as refinements of theoretical 
methods and laboratory techniques, became iseues of 
secondary importance. . 

As the years went by, the number of known dis- 
crepancies between the real and the ideal pattern of 
clay behaviour increased ; for instance, it was observed 
that the elastic deformations of natural bodies of clay 
are commonly much smaller than those computed on 
the basis of the elastic constants of undisturbed samples. 
It was noticed, also, that the relation between water 
content and overburden pressure, for normally con- 
solidated clays, can be very different from what the 
results of consolidation tests in the laboratory might 
indicate. The investigation of the shearing resistance 
of clays revealed various disturbing contradictions 
between laboratory and field behaviour. Slide phe- 
nomena were encountered which cannot yet be satis- 
factorily explained, and the effects of pile-driving on 
the compressibility of clays continued to be a controver- 
sial issue. Experience indicates that it can be very 
different for different clays, but it is not yet possible 
to predict these effects by means of laboratory tests. 
It was realised that the behaviour of swelling clays 
depends primarily on factors which cannot be deter- 
mined by means of laboratory tests. 

These and other observations convey the impression 
that the properties of undisturbed clays are much more 
diversified than the laboratory tests on undisturped 
samples indicate. In addition to the properties dis- 
closed by the laboratory tests, every natural clay 
stratum seems to possess a personality of its own, part 
determined by the conditions under which sedimentation 
took place and the balance developed, in the course of 
time, under the influence of the chemical invironment 
in which the ageing occurred. During sampling and 





* Presidential address to the Second International 
Conference on Soil Mechanics and Foundation Engineer- 
ing, delivered in Rotterdam on Tuesday, June 22, 1948. 
Abridged. 


are 
dis 
Th 
cal 
co! 
to 

80 
an 


ae ee ae ee ee ee ee, le, a, 


Jy 3. 19g. 


ENGINEERING. 


17 








transporting, some of the essential features of the clay 
are destroyed and, in consequence, the laboratory tests 
disclose only part of the real character of the material. 
The real character can only be discerned by observing 
carefully the performance of the clay in the field and 
comparing it with what the laboratory tests would lead 
to expect; hence the further advance of knowledge of 
soil mechanics depends to a large extent on the scope 
and quality of field observations. 

Field observations may serve several entirely 
different purposes. They may be required to check 
theories and to detect important differences between 
the behaviour of soils in the laboratory and in the field ; 
they may be used for collecting information regarding 
such phenomena as the creep of clay under load, the 
gradual increase in the pressure of cohesive soils on 
rigid sub-surface structures, or the consequences of 
disturbing the structure of fine-grained soils by pile- 
driving, which cannot be reproduced reliably in the 
laboratory ; or—last, but not least—they may be used 
to find out, during construction, whether the assump- 
tions on which a design was based are reasonably correct, 
so that, if serious differences are detected, the design 
may be changed to comply with the existing conditions. 

During the past decade, the technique of field obser- 
vations has received consideralle attention. In 
Holland and in the United States, means for measuring 
the pore-water pressures in clay have been improved; 
the Proceedings of this congress contain several papers 
on results thus obtained. In the open cuts and 
tunnels of the Chicago subway, extensive measure- 
ments have been made of the pressures exerted by 
clay on temporary supports. In France, during the 
war, notable progress was made in the technique for 
determining the initial stresses in strata of heavily- 
compressed swelling clays. As a result of these 
developments, knowledge of the behaviour of fine- 
grained soils under field conditions has increased 
considerably ; nevertheless, several of the most 
important methods, such as those for measuring the 
pore-water pressure in clay, and the pressure of clay 
on retaining walls, still leave room for improvement. 

To apply the theories directly to the design of foun- 
dations and sub-surface structures, it is necessary to 
secure as complete information on the physical 
properties of the subsoil as methods of sampling and 
testing permit; and during the past decade, because 
of this necessity, the technique of sampling has been 
brought to a high degree of perfection, chiefly under 
the auspices of the Soil Mechanics Division of the 
American Society of Civil Engineers. At the same time, 
however, it became evident that fairly homogeneous 
soil deposits are very rare—and all the theories are 
based on the assumption that the subsoil is either homo- 
geneous or that it consists of a small number of homo- 
geneous strata. This is one reason why it is so difficult 
to find out, by observation on full-sized structures, the 
degree of accuracy of our theories. If the structure of 
a subsoil is erratic, design can only be based on semi- 
empirical rules, which have grown out of the results 
of observations on full-sized structures, resting on 
similar soils with a similar zeological origin. 

Design by semi-empirical rules is based upon, or 
materialised by extrapolation from, statistical relation- 
ships combined with theoretical considerations; the 
estimation of the settlement of footings or of rafts on 
sand, based on the results of standard penetration tests 
in exploratory drill holes, is an example of this type of 
procedure. This application does not require numerous 
and elaborate soil tests, because the results would not 
increase capacity to cope with the problem; it is 
sufficient to determine approximately the significant 
properties of one or two dozens of representative 
samples. Our main efforts must be concentrated on 
unravelling the structural pattern of the subsoil and 
on locating its weakest and strongest points; at 
= this can be best done by combining exploratory 

rings with one of the penetration methods which 
have been developed independently, during recent years, 
in Holland, Belgium, Denmark, Sweden, Switzerland 
and the United States. 

To establish statistical relationships, it is necessary 
to correlate the results of penetration tests, or equiva- 
lent data from subsoil exploration, with the performance 
of the full-sized structure ; but statistical] relationships 
thus disclosed inevitably involve a considerable scatter- 
ing from the average, and empirical rules based upon 
them should not be trusted unless the range of the 
scattering is known. Therefore, satisfactory semi- 
empirical rules cannot be derived from two or three 
sets of observations ; one or two dozens of case records 
must be secured and digested for each of the principal 
types of soil. Opportunity to secure such a large 
number of records can only be found where fairly 
well-defined soils, or combinations of soils, prevail either 
beneath a large city or beneath a broad area of a 
continent. Thus, for instance, the London clay, the 
Boston blue clay, the Chicago soft clay, the stiff swelling 
clays of Paris, and the extensive sand deposits in the 
subsoil of Berlin are well explored ; and the properties 
of the varied clays of New England, and the thick layers 





of residual soils derived from the decomposition of 
gneiss and granite in southern Brazil, are well known, 
because they cover very large areas and were encoun- 
tered in numerous constructional operations. 

An engineer who is compelled to conduct a great 
variety of construction in or on a geologically well- 
defined soil deposit soon becomes familiar with the 
details of the personality of the soil, and has the 
opportunity to develop, by trial and error, methods of 
subsoil exploration which will provide him, with a 
minimum expenditure of time and labour, with all the 
useful information that can be reasonably expected. 
This will be his contribution to applied soi] mechanics. 
If he strikes another type of soil, for the first time, he 
will avail himself of the experiences of fellow engineers 
who have had to deal with it many times before ; hence 
the geographical distribution alone of the principal 
soil types calls for regional development, and the 
interchange of regional experience, on an international 
scale. The procedures growing out of the regional 
developments will depend largely on the degree of 
uniformity and continuity of the prevalent soil strata. 

If Nature is considerate enough to bury the rock 
surface under a blanket of fairly uniform clay or a 
succession of continuous clay and sand strata, the 
engineer will concentrate on developing his methods of 
sampling and testing, and can indulge in the luxury 
of practising his theories of settlement, with some hope 
of a fair agreement between forecast and reality. 
If the soil profile in his domain is very irregular, he will 
soon tone down his ambitions ; he will secure approxi- 
mate data on the compressibility of the major bodies of 
soft soil beneath his sites. He will so design his struc- 
tures that the maximum settlement will be tolerable, 
but he will realise that it is impracticable to predict the 
distribution of the settlement over the loaded area, and 
will adapt his programme of subsoil exploration to this 
fact. Finally, if he is compelled to deal with those 
erratic accumulations of loose and dense silt, sand, silty 
sand and gravel which occupy river channels or the 
marginal zone of Pleistocene ice sheets, he will be con- 
tent to make penetration tests, supplemented by a few 
exploratory borings, and will base his design on the 
statistical relations between penetration resistance, size 
of loaded area, and settlement. 

Thus the programme of subsoil exploration is the 
result of a compromise between what is desirable and 
what can be achieved with a reasonable expenditure of 
time and money. The general procedure is dictated 
by the purpose of the investigation, but the details can 
be worked out only by trial and error; they are 
governed by the structural pattern of the subsoil, 
which, in turn, is determined by the geological] history 
of the deposits. The structure of a fluvio-glacial 
outwash is entirely different from that of an alluvial 
fan, a seashore deposit, or of a delta, though the types 
of soil contained in these deposits may be very similar. 
Both flood-plain and lake-shore deposits may consist of 
fine silty sand and clay, but the soil profiles are likely 
to be very different ; exploration of them by the same 
procedure would be utterly wasteful. Each calls for a 
different technique; these techniques are being 
developed simultaneously, but in different parts of the 
world, and each is linked with a well-defined product of 
geological process. Hence the different procedures of 
subsoil exploration can only be utilised to full advantage 
if they are linked, in the mind of the practising engineer, 
with geological concepts. The geological and physical 
character of the subsoil is reflected by the salient fea- 
tures and the details of the surface topography; a 
relation which has been utilised successfully in selecting 
sites for airfields and highways, and for locating deposits 
of suitable constructional materials. The technique 
consists in analysing the topographical details recorded 
by aerial photography. 

The most important contacts between soil mechanics 
and geology are encountered in problems involving the 
stability of slopes and the foundations of storage dams, 
usually in connection with seepage of percolating water. 
To prevent such failures, slopes must be drained, and 
the water escaping from reservoirs through the subsoil 
of dams must be diverted towards filter wells or to the 
base of filter blankets. The water may travel long 
distances along lines of least resistance, the location of 
which can hardly be ascertained by test borings; and 
the hydrostatic pressure in the pore-water of the soils 
adjoining a slope, or of the subsoil of a dam, depends 
on the geological structure of the entire region sur- 
rounding the site. It is no exaggeration, therefore, to 
claim that a large slide area cannot be treated properly, 
and the foundation of a dam on permeable sub-strata 
cannot be adequately designed, without eareful con- 
sideration of the geological character not only of the 
site but of its environment. 

In view of the variety and importance of the influence 
of geological factors on the performance of soils in the 
field, and on the methods of predicting their perform- 
ance, the boundary between soil mechanics and 
engineering geology appears to be rather artificial. 
To-day, the techniques for subsoil exploration are still 
in an incipient state. The tendency is, and must be, 





to develop very different techniques, one for each of the 
principal patterns of subsoil structure, and the choice 
between them will be determined by the geological 
character of the site. Hence the time may come when 
it will be appropriate to combine soil mechanics and 
engineering geology under a name such as “ Geo- 
technology.” 

During the twelve years that have elapsed since 
the last International Congress on Soil Mechanics, 
it has become more than ever evident that the essence 
of soil mechanics is a compromise between the status 
of an exact science, such as the theory of structures, and 
that of an empirical one, like geology. The days when 
significant discoveries could be made in the laboratory 
or at the writing desk appear to be gone; further 
progress depends chiefly on the improvements of 
methods for measurements in the field, on the scope and 
quality of the field observations, and on the adaptation 
of the methods of subsoil exploration to practical 
requirements. To calibrate the results of our explora- 
tory operations, such as penetration tests, and to 
increase the usefulness of our semi-empirical procedures. 
we need, for each of the principal types of soils and of 
composite soil formations, a great number of complete 
and reliable case histories; and for each type of soil, 
these can be secured oaly where the soil prevails over 
large areas. This fact alone calls for a division of 
labour in a geographical sense. 

We must expect the Dutch engineers to advance our 
knowledge of cohesionless soils and of soft organic clays, 
because they encounter these soils more often than 
anyone else; it is the task of engineers in Sweden, 
in the northern United States, and in Canada to explore 
the intricate properties of varied clays, and of those in 
Brazil to provide information concerning residual soils. 
Each of these groups will be compelled, in its own 
interest, to adapt its methods of subsoil exploration to 
the structural characteristics of the soil formations 
prevailing at the sites of their constructional activities. 
If, then, an engineer in another country encounters 
similar soil conditions, procedures based on extensive 
experience will be at his disposal. In this manner—and 
only in this manner—shall we be able to develop soil] 
mechanics into an efficient tool for the practising 
engineer, in spite of the severe limitations which 
Nature has imposed upon the use of purely theoretical 
méthods and of laboratory procedure in our field of 
endeavour. 





ROAD TRANSPORT OF 128-TON 
ALTERNATOR STATOR. 


THE transport by road of a 128-ton stator from the 
Trafford Park Works of the Metropolitan-Vickers 
Electrical Company, Limited, Manchester, to the 
British Electricity Authority’s Littlebrook B power 
station, near Dartford, Kent, which began on Monday, 
June 21, is expected to be completed during the coming 
week-end, some delay having occurred owing to the 
need for strengthening a bridge near the destination. 
The stator is required for one of the two 75-MVA three- 
phase 11-8-kV 50-cycle hydrogen-cooled alternators, the 
construction of which was described and illustrated in 
our issue of June 11 last, on page 559. Its transport 
from Manchester to Littlebrook was entrusted to 
Messrs. Pickfords, Limited, 151, Tower Bridge Road, 
London, S.E.1. Discussions were held with the Ministry 
of Transport and the Police Authorities before deciding 
on the route and the times at which a load of such 
magnitude could be moved. The route, which covered 
a distance of about 280 miles, passed through Stafford 
and Birmingham, and thence along the A5 road to 
London, where it crossed the Thames at Lambeth 
Bridge. The journey was made with a crew of seven, 
but police escort was provided, and the speed limited 
to about 5 miles per hour. 

The completed stator weighed over 150 tons, but 
for transport purposes its weight was reduced to 
128 tons by removing the cooling units and end-frames. 
It was then approximately 22 ft. 6in. long and about 
12 ft. high and 12 ft. wide. It was transported on a 
special drop-bed type of trailer about 61 ft. in length, 
which was built by Messrs. Cranes (Dereham), 
Limited, of Dereham.. The trailer, which was illustrated 
and described in ENGINEERING, vol. 157, page 385 
(1944), was designed so that its bed could be lowered 
or raised hydraulically through a distance of 2 ft. 
6 in., in order to clear low bridges and humpbacks. 
When in its normal travelling position the height of the 
load above the ground was approximately 15 ft. 6 in. 
and its maximum width about 14 ft. 6 in. The bed 
of the trailer was supported on two eight-wheeled 
bogies one at the front and one at the rear; either 
of these could be turned to allow the tractor to move 
crab-wise or arranged to set the bed down on the 
road. The trailer was drawn by three 200-h.p. American 
type ‘‘Diamond T” tractors, two of which were 
aligned at the front, the third being used for steering 
the rear bogie. Communication between members of 
the crew was by telephone; the overall length of 
tractor and trailer exceeded 140 ft. 
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AUTOMOBILE ENGINEERING 
RESEARCH. 


Ir will be remembered that the research laboratory on 
the Great West-road at Brentford, originally ad- 
ministered by the Institution of Automobile Engineers, 
was transferred during June, 1946, to the then newly 
formed Motor Industry Research Association. The 
Association has continued the custom of holding annual 
open days, and on Thursday and Friday of last week the 
laboratory was open for inspection by members and 
other visitors, thus giving both the staff of the laboratory 
and members of the Association an excellent oppor- 
tunity of discussing the work in progress. The work of 
the laboratory may be considered as divided into five 
main sections, namely, general engineering, materials 
testing, engine testing, chemistry and electronics, the 
two last named, of course, being intimately concerned 
with the researches of the other sections. 

As its name implies, the general engineering section 
is concerned with obtaining basic data on matters 
applicable to all phases of automobile engineering. 
The work in progress includes the examination of the 
filtration of lubricating oils, and two basically different 
methods for rating partial-flow filters were on view. 
The first is known as the successive-batch cleaning 
method and the test commences with a mixture of oil 
and sludge, the oil gradually becoming clearer as the 
dirt is removed by the filter. Usually, three batches of 
oil have to be cleaned before a filter chokes, and the 
performance of the filter is indicated by the amount of 
solids removed from the oil and the speed of removal. 
In the second method, clean oil at a standard pressure 
and temperature is passed through the filter and 
concentrated sludge injected at a constant low rate into 
the oil, the test continuing untila certain concentration 
of solids in the oil is reached. 

The general-engineering section contains many 
machines developed by the staff of the laboratory and 
manufactured in their own well-equipped workshops. 
A notable feature of these machines is their simplicity 
and the clever use made of existing standard com- 
ponents. A good example is furnished by the machine 
illustrated in Fig. 1, on this page, which has been 
developed so as to enable the bending-fatigue strength 
of gear teeth to be studied without running the gears 
under load. As will be seen from the illustration, the 
machine employs an ordinary C.A.V. fuel-injection 
pump. This provides smooth pulsations at 1,420 cycles 
per minute from zero pressure up to any predetermined 
value, the maximum pressure attainable being in the 
neighbourhood of 5,000 lb. per square inch. The 
pressure generated by the pump acts on a vertical 
piston, the bottom of which is fitted with an anvil 
arranged to bear against one tooth of the gearwheel 
under test. The gearwheel, in turn, is clamped to the 
table of the machine and the load imposed on the tooth 
is measured by the pressure gauge visible in the illus- 
tration, control of the load being effected by manipula- 
tion of the pump-rack mechanism in the usual manner. 
The pump is driven by a ? h.p., three-phase electric 
motor and the machine is arranged so that it stops 
automatically when a tooth breaks. At present the 
machine is being used to examine the effect of tooth 
form, shape and condition of root-fillet radius, and 
the material from which the gears are made. 

A considerable amount of the work of the general- 
engineering section is concerned with the examination 
of gears and gear materials and in addition to the 
bending-fatigue testing machine illustrated in Fig. 1, 
3} in. and 5 in. gear-testing machines of the type 
described in ENGINEERING, vol. 161, page 6 (1946) are 
being used for the investigation of gear scuffing. Both 
machines are of the power-circulating type, but the 
5-in. machine differs from the smaller one in that 
the load can be varied while it is running. This is 
accomplished by mounting the power-return gearbox 
in trunnions, so that a torque can be applied to the 
whole gearbox. Another type of machine, which is 
being used for testing gear materials and lubricants, is 
known as the disc-testing machine. This has been 
designed to reproduce between the peripheries of two 
discs in contact the combined sliding and rolling action 
which occurs between gear teeth, the main advantage 
of the machine being that the discs can be manu- 
factured cheaply. One of the discs is driven at a 
constant speed and the other at a speed which is made 
to fluctuate during each revolution by employing an 
offset-crank mechanism. As used at present, the 
peripheral speed of the variable-speed disc is always 
higher than that of the smaller constant-speed disc so 
that, although the sliding velocity fluctuates, the 
direction is constant. In order to study the resistance 
of various materials to surface compressive stresses, 
it was found necessary to apply exceptionally high 
values of surface stresses. This has been achieved by 
using cambered discs of a form corresponding approxi- 
mately to a section of a sphere; by this means, tests 
have been carried out under nominal surface compres- 
sive stresses of up to 600,000 lb. per square inch. 

Mention has been made already of the fact that many 
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of the machines in use have been designed and con- 
structed by the staff of the laboratory and another good 
example of such a machine is the crankshaft torsion- 
fatigue testing machine illustrated in Fig. 2, opposite. 
This consists of a freely-suspended two-mass torsionally- 
vibrating system in which the crankshaft forms part of 
the connecting shaft between the two masses. The 
machine is symmetrical, the node being in the crankpin, 
and it is excited just below the resonant speed by a 
system of rotating out-of-balance weights fitted to the 
left-hand mass as viewed in the illustration. The 
rotating weights are diametrically opposite and are 
driven through a flexible shaft, the drive being trans- 
ferred to the weights through a cross-shaft and helical 
gearing; the flexible drive and the cross-shaft can be 
seen in the illustration. The torque is measured by a 
capacity-type torquemeter fitted to one of the steel- 
extension shafts in series with the crankshaft. In its 
final form, the speed will be controlled by the torque- 
meter so that a predetermined torque can be applied 
throughout the test. 

The general-engineering section also is carrying out 
investigations into the effect of abrasives on journal 
and bearing wear, and the assessment of the hardness 
of crankpins for “running in copper-lead bearings. 
The damaging effect of fine abrasive particles which 
may be present in used oil is assessed by measuring 
the wear of a test bearing and journal when lubricated 
with oil containing known concentrations of graded 
abrasive powders. In the machine used for this 
purpose unidirectional loads are applied to the con- 
necting rod to which the test bearing is fitted and the 
oil containing the abrasive in suspension is fed through 
a hole in the connecting rod. Oil circulation is accom- 
plished by air pressure, one of two glass beakers being 
connected alternately to air pressure, the oil returning 
from the bearing being collected in the other beaker. 
Wear debris from the journal and bearing thus accumu- 
lates in a small volume of oil, the comparatively high 
increase in concentration of metal in the oil, together 
with the absence of wear debris from a circulating 
pump, enabling the wear to be determined chemically 
with a high degree of accuracy. 

Two machines are being used for preliminary work 
in assessing the hardness of crankpin materials for 
running within copper-lead bearings. These machines 
apply a fluctuating inertia load to a small bush-type 
test bearing fitted to the big end of the connecting rod 
of a dummy engine in which a reciprocating mass is used 
in place of the piston. The main part of this work, 
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however, will be carried out on the machine illustrated 
in Fig. 3, opposite. In this machine an alternating 
load is applied to a connecting-rod big-end bearing by 
an eccentric weight which rotates in phase with the 
journal. The rotating weight is fitted to one end of a 
lever, the other end of which is fitted to the top of the 
connecting rod; the rotating weight can be seen in the 
illustration just to the right of the operator’s head. 
By using different weights and eccentricities and by 
varying the length of the lever and speed of the 
machine, widely different loads ranging from 45 Ib. 
to 11,250 Ib. can be applied to the bearing. The 
actual load is measured by a capacity-type extenso- 
meter incorporated in the connecting rod and connected 
to a cathode-ray oscillograph. 

The engine section is concerned at present with 
the examination of the design and location of piston 
rings, the operation of engines on leaded fuel, and the 
development of an engine-test method for H.D. oils. 
For assessing the merits of any particular piston and 
ting assembly, measurements are made of the gas 
blow-by, the oil consumption, the friction loss and the 
wear. Blow-by and oil-consumption measurements 
are being obtained on a single-cylinder engine fitted 
with petrol-injection equipment. Blow-by is measured 
by controlling the crankcase pressure over a small range 
above and below atmospheric pressure while oil con- 
sumption is measured by scavenging the sump to a 
standard level and making up this level by a separate 
feed from a weighed tank. The cylinder and piston 
of this engine are lubricated independently of the main 
system so that the rate of oil feed to the cylinder can 
be measured. Friction loss is measured on a four- 
cylinder engine, the inlet and exhaust manifolds of 
which have been replaced by a common closed manifold 
so that, when motored, air is circulated through the 
engine. By maintaining an air pressure in the closed 
manifold above that of the atmosphere, the maximum 
or mean pressure on the pistons can be raised up to, 
or beyond, the values obtaining when the engine runs 
under its own power at full throttle. 

The tendency to use increasing quantities of tetra- 
ethyl lead in fuels may lead to more rapid exhaust-valve 
failure. In an attempt to determine the mechanism 
of valve failure, two single-cylinder water-cooled engines 
are being employed on endurance tests. Two cylinder 
heads are used which have been designed to have 
maximum and minimum valve-guide cooling, respec- 
tively. By varying the conditions under which the 
tests have been run, four distinct types of exhaust- 
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Testing MACHINE FOR TORSIONAL FaTIGUE OF CRANKSHAFTS. 

















switched from bridge to bridge. This removes uncer- 
tainties due to changing contact resistances, the 
out-of-balance deflection of the galvanometer being 
taken as a measure of the strain. 

The electronics section, as previously mentioned, is 
mainly concerned with the development of electrical 
methods of measurement and their application to the 
researches of the Association. At present, work is 
devoted mainly to measurements of strain in vehicle 
structures and wheels, both on the road and in the 
laboratory. Wire-resistance strain gauges are used to 
determine strains set up in vehicle structures under 
actual running conditions and new four-channel 
dynamic strain recording equipment has been developed 
and constructed for this work. The apparatus is in 
two parts, one containing the amplifiers, cathode- 
ray tubes, camera and power supply, while the other 
contains the oscillator supplying the bridge current and 
the four bridges for resistance and capacity balance, 
to which 40 pairs of gauges may be connected. In 
order that the strains encountered in cornering and 
braking may be reproduced accurately, an alternating- 
current polarised gauge is used, variation in strain 
giving amplitude modulation of the carrier wave. 
The amplifiers have a gain of 60,000 and feed cathode- 
ray tubes having 1 in. diameter screens. The four 
tubes, together with a fifth giving a timing trace, are 
photographed on to a 35-mm. film. The electronics 
section is also concerned with various pieces of labora- 
tory equipment and in this connection has developed 
the capacity-type extensometer on the bearing-testing 
machine for measuring fluctuating bearing loads, the 
wire-resistance strain-gauge torquemeter for the disc 
machine and the equipment for use on the torsional- 
fatigue machine. Recently, the section has acquired 
equipment for the measurement and analysis of noise ; 
this consists of a noise meter, octave filters, and a degen- 
erative feed-back analyser but, so far, the equipment 
has not been used for any definite purpose. 

As previously mentioned, the work of the chemical 
section is largely complementary to that of the other 
sections and involves both the application of recognised 
test procedures and the development of new tests for 
particular purposes. Recently, much of the work has 
been concerned with investigations into oil filtration, 
with particular reference to the examination of insoluble 
materials in used oils and the measurement of small 
amounts of wearin test bearings. In a test of moderate 
duration, the wear of the shaft is small and is difficult 
to measure by the usual methods. A method has been 
developed, therefore, for estimating the wear chemically 
from the iron content of the oil. The method used at 
present is to ash the oil, dissolve the residue in hydro- 
chloric acid and measure the intensity of colour 
developed with potassium thiocyanate by using the 
Spekker absorptiometer. By this method it has 
proved possible to measure concentrations of iron of 
the order of 0-1 mg. in 100 grammes of oil. Attempts 
are being made also to measure the particle size of solid 
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valve failure have been produced, namely, breakage, | vibration. The photo-electric gauge may be likened 


stretching, circumferential cracking of the head and 
“ guttering.” Only the last named is considered due 
to the lead content of the fuel, and various methods of 
alleviating this trouble, including the use of different 
valve steels, rotation of the valve, etc., are being 
tested. 

The materials-testing section plays an important 
part in the work of the laboratory and contains equip- 
ment for the routine mechanical testing and metallur- 
gical examination of the materials used in the various 
researches, the equipment including a 50-ton universal 
testing machine, fatigue-testing machines, a magnetic 
crack detector and a Vickers projection microscope. 
Work in progress includes examination of stress distri- 
bution in crankshafts, properties of cast-crankshaft 
materials and the measurement of strain in road 
wheels. Two methods for measuring the local stresses 
in a crankshaft subjected to static bending stresses 
are being used, namely, wire-resistance strain gauges 
and a photo-electric gauge. The wire-resistance strain 
gauges have a length of } in. and as they measure the 
total strain over the gauge length, they indicate only 
the average stress in places such as fillets, where the 
stress varies rapidly. The photo-electric gauge, 
however, has a gauge length of only yy in. and gives, 
therefore, a nearer measure of peak stress; on the 
other hand, it is exceptionally sensitive to shock or 





to a pair of scissors, the points of which rest on the 
material to be tested, the two handles being arranged 
so that movement of the points affects the amount of 
light falling on a photo-electric cell. The instrument 
is calibrated so that 1 micro-ampere represents 59 x 10-¢ 
in. per inch strain. 

In order to ascertain the extent to which the fatigue 
strength of crankshafts made from different cast irons 
and steels depends on the usual mechanical properties 
of the material, test specimens cut from the shafts and 
from test bars cast separately are being subjected to 
tensile, hardness, transverse bending, impact, and 
rotating-bending fatigue tests. These tests are being 
worked in conjunction with bending-fatigue tests 
carried out by the general-engineering section on 
complete crankshafts. 

The investigation into strains set up in road wheels 
due to external loading has commenced only recently. 
At present, strain imposed by static loading is being 
determined by loading the wheel through a dummy 
axle, the 50-ton universal-testing machine being used 
for this purpose. For static determinations, direct- 
current polarised balancing bridges are used with a 
galvanometer. In this work, multiple-bridge units 
are used, one bridge being attached permanently to 
each gauge position. Once balanced, the bridges are 
not adjusted further and only the galvanometer is 
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material passing through an oil filter and the total solids 
in used oils. One method being developed for measur- 
ing the particle size involves measurement of the change 


known amount of the suspended material. Estima- 
tions of the total insolubles present in an oil at different 
times throughout a filter test are used as a criterion of 
| filter efficiency in the case of non-additive oils. The 
most direct method involves centrifuging a diluted 
sample of the oil and washing, drying and weighing the 
residue. A more rapid method is to measure the 
optical density of a diluted oil sample, but it has been 
found necessary to check the optical density of each new 
batch of used oi] employed in the filter tests with the 
total-solids content. 

Recently, the Laboratory has undertaken tests on 
fluid flow past scale model vehicles. A simple water 
tunnel has been built for this purpose and the flow 
patterns round the model are made visible either by 
fine sawdust held in suspension in the water or by 
magenta dye which is injected into the tunnel at the 
desired points. The tunnel is of exceptionally simple 
construction, the water being circulated by a centrifugal 
pump driven by an industrial-type petrol engine. 
Already studies have been made of dust entry into 
the bodies of public-service vehicles and the engine 
compartment of a commercial vehicle, and the complete 
apparatus is another example of how good results can 
be obtained with the simplest equipment. 





CHEMICAL ENGINEERING CENTRE AT DURHAM UNIVER- 
siry.—Commencing in October, 1948, King’s College, 
Newcastle-upon-Tyne, will offer a two-year post- 
graduate course in chemical engineering leading to the 
degree of Master of Science in Chemical Engineering 
of the University of Durham. The course will be 
available to graduates in mechanical engineering or to 
those who possess some equivalent degree or qualification. 
The opportunity has been taken to link, with chemical 
engineering, the teaching of fuel technology. The new 
course is under the direction of the Professor of Mechanical 
and Marine Engineering. 
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LABOUR NOTES. 


Tue Association of Supervisory Staffs, Executives 
and Technicians held their thirty-first annual delegate 
conference in London from June 5 to 7, when a consider- 
able increase in membership during the past year was 
reported. The conference decided that the Trades 
Union Congress should be urged “ to create, indepen- 
dently of existing schemes, its own British economic 
plan, covering not only industry but all State services, 
and containing a programme of known targets for each 
section, a co-ordinated wages policy to bring labour to 
undermanned industries without compulsion, allocation 
of machinery and raw materials, and import-export 
agreements with other countries.” 


The conference came to the conclusion that permis- 
sive joint consultation in industry failed frequently and 
that legal compulsion must be applied if joint consulta- 
tion at every level was to become an effective force in 
combating the present crisis. Among the resolutions 

by the conference were some calling upon the 
Government to make joint consultation committees in 
industry compulsory in every factory. or other produc- 
tion establishment, employing more than 24 persons ; 
to formulate and safeguard by appropriate regulations 
the position of workpeople’s delegates‘to these joint 
committees; to require every employer affected to 
place at the disposal of the workpeople’s delegates, 
“subject to rules of secrecy, full and unrestricted 
information concerning the business, its shareholdings, 
history, development, structure, finance, policy, buying, 
production and selling methods, and any other relevant 
details” ; to set up machinery to enable any member 
of a joint consultation committee to report deficiencies 
and irregularities; and to order inquiries into the 
conduct and efficiency of industrial undertakings, 
setting up tribunals or courts to that end. 


The employees of Messrs. A. V. Roe and Company, 
Limited, Manchester, have felt much concern at the 
growth of rumours to the effect that Tudor IT aircraft 
will not be flown by the British Overseas Airways 
Corporation. A deputation from them, introduced oy 
Mr. Gavin Martin and Mr. Joe Scott, of tne Confedera- 
tion of Shipbuilding and Engineering Unions, waited on 
the Parliamentary Secretaries of the Ministries of 
Supply and Civil Aviation on June 23, to express this 
anxiety. The deputation emphasised the extremely 
serious situation which would be brought about, from 
their point of view, by the cancellation of the Tudor II 
contract. They also urged the maintenance of the 
“Fly British” policy, as the abandonment of this 
policy would, in their opinion, confront the aircraft 
industry as a whole with a crisis. The Parliamentary 
Secretaries promised to bring these representations to 
the attention of the Ministers of Supply and of Civil 
Aviation, and of the British Overseas Airways Cor- 
poration. 





The Town and Country Planning Act came into force 
on July 1, and it is announced by the Board of Trade 
that, as from that date, Board of Trade certificates of 
approval must accompany applications to local planning 
authorities for permission to build new factories or to 
add extensions to those already in existence. Such 
certificates, however, are not required in certain cases in 
which the approval of planning authorities was obtained 
before July 1, or where the floor space involved is less 
than 5,000 sq. ft. 


Mr. E. Aubrey Lloyd, chairman and managing 
director of Messrs. Ellerman Lines Limited, drew 
attention to the present high costs of shipbuilding, 
when speaking at the launch of the City of Oxford, a 
cargo vessel under construction at the Clydebank 
shipyard of Messrs. John Brown and Company, 
Limited. These he attributed as being largely due to 
the long time that ships took to build. He said that, 
during the months a ship was under construction, 
many changes took place in hours of work, which went 
down, and in prices, which went up. The longer ships 
took to build, the more changes were likely to arise. 
Shipowners were buying articles worth millions without 
knowing what they were going to pay. It required 
very few increases of 190,0001. on the estimated cost of 
a ship to add up to the price ofanothership. Mr. Lloyd 
felt that there might be difficult times ahead for both 
shipowners and shipbuilders unless these conditions 
improved, but less time taken in building would bring 
increased orders and increased employment. Mr. 
J. M. M’Neill, assistant managing director of Messrs. 
John Brown, while understanding the shipowners’ 
point of view and sympathising with their difficulties, 
said that the matters mentioned by Mr. Lloyd were 
largely due to outside controls, of materials for example, 
and these the shipbuilders could not regulate. 








Mr. George Bell, the general secretary of the General 
Federation of Trade Unions, says in the union’s 49th 





annual report: ‘‘ As the Federation repeatedly pointed 
out, during the immediate post-war decade every 
country would need to make a supreme effort of good- 
will to restore and expand world economy. If this 
spirit had been more in evidence, then a healthy 
optimism would have been justified. As matters now 
stand, there are too many indications that progress in 
some countries will be bought dearly through much 
unnecessary human suffering. How far the effects of an 
unsettled world will produce repercussions in Britain’s 
economy it is impossible to estimate. Already the 
Government White Paper on Wages and Prices, although 
subject to modification and amplification, has been 
accepted by the executives of the trade unions affiliated 
to the Trades Union Congress ; but, even so, great care 
will have to be exercised by all responsible authorities 
to avoid expensive industrial disturbances and loss of 
national earning and spending power.” 


Mr. Bell also writes: ‘It is well to consider the 
importance of our basic industries, upon which we are 
dependent for our export trade, in relation to our present 
nationaleconomy. They are fundamental because they 
win for us much of our food and most of our raw 
materials ; their economic value as applied to Britain’s 
future is vital, and all who can visualise the urgent 
present day necessity to press upward our export trade, 
and will engage themselves to this task, are potential 
saviours of civilised society. In a country like Britain, 
whose restricted internal economy, if isolated from the 
rest of the world, could not satisfy the needs of more than 
half of its present population, it is criminal folly either 
to ignore or oppose the call of the Government for 
industrial service of the highest order.” 








Continuing on this subject, Mr. Bell says, ‘‘ Obviously, 
only industrial production and manufactures of the 
required types, good standards and acceptable price, 
will ensure entry of our goods into those valuable 
overseas markets which are the main source of Britain’s 
recovery and future well being. Failure to meet these 
requirements—now our internal and overseas indebted- 
ness has increased and overseas investments are gone— 
will speedily drive the country back towards the social 
levels from which our forefathers fought to escape.” 





The London dockers decided on Tuesday last to report 
for work on Wednesday morning. This decision was 
taken at meetings organised by the unofficial strike 
committee in Victoria Park, Hackney, and at Surrey 
Commercial Docks. Less than 200 strikers, out of an 
estimated attendance of between seven and eight 
thousand at the two meetings, voted in favour of con- 
tinuing the conflict. The hold of the strike leaders 
over the men seems to have remained unabated 
throughout the whole dispute, and the official union 
to have been largely ignored. This, together with the 
fact that the resolution to return to work was passed 
on the recommendation of the strike committee them- 
selves, who have throughout failed to obtain any official 
recognition, are, perhaps, the most noteworthy 
features of the strike. 


The strike, which arose through penalties imposed 
by the Dock Labour Board, but not carried out, on 
11 men who four times refused to load a cargo of 
zinc oxide at the agreed rate, has lasted 16 days in 
London. It involved, at its peak, nearly 20,000 dockers, 
at a cost to them of about 300,000/. in wages, and with 
a loss of some two million hours of work. Nearly 250 
ships have been affected with very considerable loss 
to shippers, and the country’s export trade will suffer 
repercussions for some time to come. About 2,000 
members of the Watermen, Lightermen, Tugmen and 
Bargemen’s Union joined the strike in London. On 
Monday, some 8,500 Liverpool dockers struck in 
sympathy, but efforts to extend the strike to South- 
ampton were unsuccessful. 





When the strike had lasted some days, small numbers 
of troops were used to move perishable cargoes, and, 
from Monday, men of all three services began to be 
employed in increasing numbers. The proclamation 
of a state of emergency and Mr. Attlee’s broadcast 
on Monday night, undoubtedly prepared the way for 
Tuesday’s decision. The resolution to return, how- 
ever, was accompanied by a demand for a public 
inquiry into clause 16 of the Dock Workers (Regulation 
of Employment) Scheme; the clause which gives 
disciplinary powers to the Dock Labour Board. Mr. 
Arthur Deakin, general secretary of the Transport and 
General Workers’ Union, promised several days ago 
that the union’s docks group committees throughout 
the country would hear the men’s views on this clause. 
The other unions concerned will also be consulted, and, 
at an early date, a representative national delegate 
conference will be called. It is understood, however, 
that the union does not favour a public inquiry. 





RECENT ADVANCES IN 
MECHANICAL ENGINEERING ON 
SHIPBOARD.* 


By T. A. Crowe, M.Sc., M.I.Mech.E. 


Durine the 25 years which have elapsed since the 
last summer meeting was held in Glasgow, considerable 
advances have been made in mechanical engineering on 
board ship. It is not possible to deal with the advances 
which have been made in all the different types of 
machinery. Attention will, therefore, be confined to 
the development of geared-turbine machinery for 
typical North Atlantic liners. The ships which have 
been selected are the Franconia, Duchess of Bedford, 
Empress of Britain, Queen Mary, Queen Elizabeth, 
and Caronia. 

The machinery of the Franconia, which was designed 
in the period immediately following the 1914-18 war, 
although not completed until 1923, consisted of double- 
reduction geared turbines supplied with steam from 
Scotch boilers. The vessel was fitted with twin screws, 
and each shaft was driven by three turbines. The 
boiler pressure was 220 lb. per square inch, which was 
approaching the limit for boilers of this type, and 
marked the high-water mark of the art of boiler 
making. Each double-ended boiler had a capacity of 
32,520 lb. of steam per hour, and weighed 189 tons, 
including the water. The weight of steam produced 
per hour, per pound weight of boiler, is therefore 
0-077 lb. At about this period, very considerable 
trouble was experienced with double-reduction gearing, 
bringing it into disfavour for many years, but it is 
satisfactory to note that the Franconia’s gearing has 
not given trouble. The condensers were fitted with 
Admiralty-mixture brass tubes, and were of the non- 
regenerative type. This vessel was one of the first 
to be designed and fitted with a closed-feed system. 
The auxiliaries were, generally speaking, steam-driven 
and of the reciprocating type, except for the main 
feed pumps, main circulating pumps and electric 
generators, which were turbine-driven, and the forced- 
draught fans which were motor-driven. 

The construction of the Duchess of Bedford, com- 
pleted in 1928, marked the change over from low- 
pressure low-temperature steam and Scotch boilers to 
high-pressure high-temperature steam and water-tube 
boilers. One of the primary factors which enabled this 
change over to be made was the introduction at about 
this period of the cupro-nickel condenser tube. The 
* Duchess” class of vessel was among the first to be 
fitted with these tubes, which almost eliminated the 
risk of salt water getting into the boilers. The water- 
tube boilers worked at a pressure of 350 lb. per square 
inch, and a steam temperature of 686 deg. F. They 
were of the single-flow type, without any means of 
controlling the superheat temperature. Each boiler 
had a capacity of 27,260 lb. of steam per hour and 
weighed, including water at working level, 86-4 tons. 
The weight of steam produced was therefore 0-142 lb. 
per pound weight of boiler, or about twice the weight 
of the steam produced by the Scotch boilers fitted in 
the Franconia. The boiler drums were of the solid- 
forged type, with riveted-in ends. The Duchess of 
Bedford was fitted with twin screws, and each shaft 
was driven by three turbines through single-reduction 
gearing. The condensers were of the regenerative type, 
and worked in conjunction with an open feed system. 

One of the greatest advances made in the machinery 
installation of the Duchess of Bedford, compared with 
the Franconia, was in the method of driving the 
auxiliaries. These were principally motor-driven, except 
for the main feed pumps and electric generators, which 
were turbine-driven. The vessel was also fitted with 
two Diesel generators. The fitting of electric instead 
of steam auxiliaries did much to bring about the 
reduction in fuel consumption for propulsion purposes 
from 0-696 lb. per shaft horse-power hour in the 
Franconia, to 0-57 lb. per shaft horse-power hour in the 
Duchess of Bedford. The saving of fuel was also greatly 
assisted by the fitting of large four-flow air heaters to 
the water-tube boilers; this reduced the funnel tem- 
perature to 345 deg. F., and increased the boiler 
efficiency to 85 per cent. Two Scotch boilers were 
fitted for supplying steam for hotel services and for 
the turbine glands. This ensured that no contaminated 
drains were returned to the main water-tube boiler- 
feed system, and also that nothing but distilled make-up 
feed was added to the main feed system. All make-up 
feed first passed through the Scotch boilers. 

The machinery installation of the Empress of Britain 
was on the same lines as that which had proved so 
successful in the ‘‘ Duchess” class vessels, but the 
boiler pressure was further increased to 425 lb. per 
square inch, and the steam temperature was raised to 
725 deg. F. Each of the four propeller shafts was 





* Paper read at the Summer Meeting of the 
Institution of Mechanical Engineers, at the Royal Tech- 
nical College, Glasgow, on Tuesday, June 15, 1948. 
Abridged. 
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driven by three turbines through single-reduction 
gearing, the low-pressure turbines being of the double- 
flow type. Astern turbines were fitted on the inner 
shafts only. The distribution of power in this vessel 
was unusual, as each of the inner shafts was of double 
the power of the outer shafts. This subdivision was 
arranged to meet “cruising” conditions when a 
reduced speed was required. Under these conditions, 
the after engine room, which drove the outer shafts, 
could be completely shut down, and the propellers 
removed, thus enabling the forward engines to operate 
nearer to full power, and therefore more economically. 
The fuel consumption of this vessel was 0-543 Ib. per 
shaft horse-power hour for propulsion purposes, which 
corresponds to a thermal efficiency of 24-7 per cent. 
based on a calorific value of 19,000 B.Th.U. per pound. 
The boiler efficiency was further increased to 88 per 
cent. with a funnel temperature of 226 deg. F. The 
boiler plant consisted of eight Yarrow boilers and one 
Johnson boiler for propulsion purposes, and two 
Scotch boilers for hotel services and gland steam. 
Both the Yarrow and Johnson boilers were of the 
double-flow type, with superheaters fitted on one side 
only, so that the superheat temperature could be 
controlled by a damper in the uptake. The drums of 
the Yarrow boilers were of the solid-forged type with 
closed-in ends. The drums of the Johnson boiler were 
solid forged with riveted-in ends. Unlike the Duchess 
of Bedford, the Empress of Britain was fitted with a 
closed feed system. 

The total power in the Queen Mary’s installation is 
equally divided over four shafts in two engine rooms. 
Each shaft is driven by quadruple-expansion turbines 
through single-reduction gearing. The power of the 
Queen Mary is dictated by the speed necessary to 
maintain a weekly service between Southampton and 
New York at all seasons of the year, including the time 
to turn the vessel round at each port. In installations 
such as this, reliability and oe coupled with 
quietness in running, are factors of primary importance. 





GEARWHEEL AND PINIon FOR S.S. “QUEEN Mary.” 


Low-PreEssuRE TURBINE FOR 8.8. ‘‘ CARONIA.”” 
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| In the determination of steam pressure and tempera- 
| ture conditions for the Queen Mary, reliability was 
| given precedence over all questions of economy, as any 
| economy which might be gained with increased pressures 
| and temperatures would be easily discounted if any 
delay occurred in such an important passenger and 
mail service. Therefore the steam conditions on the 
Queen Mary were fixed at 400 lb. per square inch and 
700 deg. F. Steam for the main engines and propulsion 
generators is supplied by 24 water-tube boilers. Steam 


supplied by three double-ended cylindrical boilers at 
250 lb. per square inch and 620 deg. F. 

In the Queen Mary, the oil-fuel consumption for 
propulsion purposes only is about 0-56 lb. per shaft 
horse-power hour, the hotel consumption being about 
48 tons a day. The fuel consumption for all purposes 
is about 0-586 lb. per shaft horse-power hour. The 
designed service power of this vessel is 158,000 shaft 
horse-power. When the Queen Mary was built, the 
power to be transmitted by her-gearing considerably 
exceeded that of any other merchant vessel afloat. 
Each main gear wheel weighed 75 tons, and one of 
them is shown in Fig. 1, on this page. It required 
three months’ continuous work day and night for 
seven days a week to cut the teeth in each gear wheel. 
It is interesting to note that, when the gearing was 
examined at the conclusion of her war service, after 
11 years’ operation, no wear could be detected on the 
gear teeth. The vessel was originally built without 
dust collectors for the funnel gases, but Vortex collectors 
of the “ dry ” type were fitted later. 

“The principal difference in the Queen Elizabeth 
compared with the Queen Mary, so far as the machinery 
is concerned, lies in the boilers. When the design of the 
later ship was being considered it was felt that, with 
the advances in boiler design which had taken place 
since the Queen Mary was designed, fewer boilers of 
larger size could be fitted. It was ultimately decided 








to install 12 large water-tube boilers of the Yarrow 


for the hotel generators and other hotel services is | 
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ENGINEERING ON SHIPBOARD. 


TURBINES AND GEARING FOR 8.S. “ Caronia.”’ 


double-flow type, to do the work of the 24 water-tube 
boilers and three Scotch boilers in the Queen Mary. 
This reduction in the number of boilers enabled the 
number of funnels and funnel hatches to be reduced 
from three to two, with considerable advantage to the 
lay-out of the public rooms and other accommodation. 
The steam conditions were also slightly increased to 
425 lb. per square inch and 750 deg. F. The elimina- 
tion of the Scotch boilers also had other effects. The 
separate hotel-service generators were eliminated, and 
four turbo-generators of larger capacity were installed 
to deal with both main propulsion and hotel load. 
In the Queen Elizabeth, the large independent air 
intakes for the forced-draught fans were eliminated : 
the air was taken in through slats at the base of the 
funnels, and down through the funnel hatches to the 
fan rooms. This alteration saved cutting through the 
passenger accommodation with the air trunks, and the 
large volume of cool air passing down the funnel hatches 
prevented the accommodation in this vicinity from 
becoming overheated. Although the dry-type dust 
collectors fitted in the Queen Mary had proved very 
satisfactory, it was felt that wet-type collectors would 
be still more efficient and consequently these were 
installed in the later vessel. 

The Queen Elizabeth was completed in February, 
1940, shortly after the outbreak of war, and it was 
decided that she should be sent across to New York, 
Although it is generally known that the ship left the 
Clyde without undergoing the usual sea trials, some 
further information on this point may prove of interest. 
The decision to send this valuable vessel across the 
Atlantic in war time without trials was not arrived at 
without the most careful consideration, and special 
precautions were taken to test the various parts of the 
machinery installation as thoroughly as_ possible, while 
the vessel was in the basin at Clydebank. The usual 
dock trial was, of course. carried out, but as it is impos- 
sible to moor a ship of this size sufficiently securely to 
enable the engines to be run at anything except ‘“ dead 
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slow,” it was not thought that this trial was adequate. 
Each propeller shaft was therefore uncoupled from the 
line shafting, and all the turbines, gearing, thrust blocks 
and intermediate shafts were run continuously for two 
hours at the s corresponding to full power. Thus 
all the journal bearings in the turbines were tested under 
full load and speed conditions, and the gear-case journal 
bearings were tested under full-speed light-load con- 
ditions. Each boiler of this ship being of approxi- 
mately double the size of those fitted in the Soom 
Mary, ic was desired, if possible, to carry out a boiler 
trial before sending the vessel across the Atlantic. In 
order to test one boiler under full-power conditions, all 
turbo-generators were run up to approximately full 
output, and the power generated was absorbed 
partly by resistances, and ly by running all the 
large auxiliaries, such as forced-draught fans, main 
circulating pumps, ship’s ventilating fans, etc., up to 
maximum output. The other novel feature which it 
was desired to test was the air supply to the boiler-room 
fans. This was accomplished by steaming a forward 
boiler, taking its air down the forward funnel hatch, 
and running all the forced-draught fans in the two after 
boiler rooms up to the capacity of air calculated to be 
required for full-power steaming. Under these condi- 
tions, it was found that the drop in air pressure from the 
atmosphere on deck, through the air-intake slats and 
down the funnel hatch to the fan rooms, was only 
about } in. water gauge. The vessel proceeded down 
the Clyde on February 26, 1940, and after four days at 
the Tail of the Bank to take in oil, fresh water, etc., 
she sailed for New York on March 2, 1940. A naval 
escort was provided as far as the North of Ireland, in 
case any unforeseen machinery troubles arose which 
might have caused the Queen Elizabeth to slow down 
or stop at sea—a contingency which is always liable to 
arise the first time a vessel goes to sea. Fortunately, 
nothing did arise, and the vessel made a non-stop 
voyage to New York. The average daily speeds are 
given in Table I. 


TaBLE I. Voyage Speeds of Queen Elizabeth from the 
Clyde to New York. 








Distance Run, | Aver: Speed, 

Date. Miles. eote. 

March 2, 1940 ss | (19-55 
a we 627 24-11 

oo» 4 629 25-16 

a an ee 616 24-64 

»” 6, ” 680 27 -20 
oe 508 22-66 











The machinery of the Caronia, which will shortly 
be completed, was designed in the period immediately 
following the 1939-45 war, and wad another advance 
in mechanical engineering on board ship. The steam 
pressure in this vessel has been increased to 600 lb. per 
square inch, and the temperature to 800 deg. F. The 
increase insteam pressures and temperatures on the 
vessels under review is shown in Fig. 5, on this page. 
The arrangement of the main machinery in this vessel 
is shown in Fig. 4, and Fig. 3, on page 21, shows the 
turbines and gearing in the erecting shop. The vessel 
is driven by two shafts, and each shaft is driven by 
three turbines. With the advances which have been 
made in gear cutting since the early 1920’s, the troubles 
which were then experienced with double-reduction 
have been overcome, and the high-pressure turbines of 
the Caronia drive the propeller shafts through double- 
reduction gearing. The intermediate and low-pressure 
turbines drive through single-reduction gearing. The 
reduced size of high-pressure turbine which can be 
fitted at the increased rate of revolutions possible with 
double-reduction gearing, is of great advantage at the 
higher steam pressures and temperatures adopted in 
the Caronia. The gear teeth of the high-pressure pri- 
mary pinion and gear wheel are of the “ all-addendum ” 
type, 1.e., the pinion teeth are all addendum, and the 
wheel teeth are all dedendum. In the period under 
review, the design and construction of marine gears 
have changed very little—a remarkable tribute to the 
foresight of the late Sir Charles Parsons. The involute 
tooth, sometimes with varying proportions of addendum 
and dedendum, still holds the highest position in marine 
transmission. This tooth form has the great advantage 
that it allows for the change of centre distance due to 
differential thermal expansion of the gears and gear 
cases, while still maintaining correct meshing of the 
gears—an advantage not possessed by certain other 
tooth forms. The greatest development in the gearing 
field has been the improvement in the accuracy of 
gears, in tooth form, in circumferential pitch, in helical 
ange. and in tooth finish. 

he low-pressure turbine casings and gear cases of 
the earlier vessels referred to above are all of cast iron, 
but in the case of the Caronia these parts are of fabri- 
cated construction. The bearing housings are made of 
cast steel, and the remainder is built up.of welded steel 
plates. By adopting this method of construction, a 
considerable saving in weight is effected. One of the 





_ eee 


MECHANICAL ENGINEERING 





JULY 2, 1948. 








ON SHIPBOARD. 


Avixvibi 
Turbo-Generator Machi: y 
Roo 



































4 op 








rar <n eo afte wr pstonen eines = he 








\ 
XZ 
n 




















pa 














5 i On 














(9329.0) 


low-pressure turbines, with the top cover removed, is 
shown in Fig. 2, en page 21, and a gear case in Fig. 6 
opposite. Each bottom half gear case weighs 34 tons. 
Steam is supplied for main and auxiliary purposes by 
six water-tube boilers of the Yarrow double-flow type, 
similar to those fitted in the Queen Mary and Queen 
Elizabeth, except that the boiler drums are of all- 
welded construction. The superheater drums are made 
from solid-drawn tubes with closed-in ends. A depar- 
ture has been made from the tubular air heaters fitted 
in the earlier vessels, by installing rotary regenerative 
heaters of the Howden-Ljungstrom type. The supply 
of low-pressure steam for heating purposes is obtained 
by bleeding the turbo-generators, and not by fitting 
desuperheaters and reducing valves, as in the Queen 
Elizabeth. In the Caronia, only one funnel and funnel 
hatch is fitted, with further benefit to the accommo- 
dation. Unlike those of the Queen Mary and Queen 
Elizabeth, the boilers operate on the closed-trunk 
system of forced-draught, with open stokeholds and 
induced-draught fans. 

A ship’s auxiliary machinery can be divided broadly 
into two sections, namely, those auxiliaries which are 
required for the propulsion of the ship, and which are 
known as propelling auxiliaries, and those which are 
required for ship’s purposes or hotel services, and are 
generally known as ship’s auxiliaries. The notes which 
follow refer generally to the auxiliaries of the Queen 
Elizabeth, although reference is made, in a few cases, 
to auxiliaries for other vessels. 

Fans have probably increased in efficiency as much 
as any other auxiliary during the past 25 years. The 
efficiency of the Franconia forced-draught fans is about 
55 per cent., whereas those of the Caronia will be about 
75 per cent. The Queen Elizabeth forced-draught fans 
are probably the largest fitted in a merchant vessel. 
There are 24 double-inlet forced-draught fans, driven 
by 12 360-brake horse-power motors. Each pair of 
fans is capable of delivering 110,000 cub. ft. of air 
per minute. In a passenger liner, the circulating 

umps are to-day almost invariably electrically driven 
or the sake of economy. In the Queen Elizabeth, 
which has eight main circulating pumps, each pump 
has a capacity of 6,000 tons per hour. One of these 
pumps is shown in Fig. 7, opposite. Probably the 
largest turbo-generators fitted in a ship for auxiliary 
purposes are those insta]led in the Queen Elizabeth ; 
these are of 2,200 kW each. The turbines run at 
4,500 r.p.m., and drive the generators, through reduc- 
tion-gearing, at 600 r.p.m. Although of smaller size 
(1,100 kW each), the turbo-generators of the Caronia 
are of special interest, because they are the first pass-out 
turbo-generators to be fitted on board a British ship. 
These generators take boiler steam at 600 Ib. per square 
inch and 800 deg. F., and steam is bled from the 
turbines at 60 lb. per square inch for Thermotank 
heating, calorifiers, galleys, etc. One of the turbo- 
generators is shown in Fig. 8, opposite. 

One of the most important of the propelling auxiliaries 
in any vessel is the steering gear. In modern passenger 
vessels, this is almost invariably of the electric-hydraulic 
type. The torque exerted on the rudder crosshead is 
3,500 tons-ft. Each of the three variable-delivery oil 
pumps which maintain the fluid pressure in the four 
hydraulic cylinders is driven by a 250-h.p. motor. The 
total weight of the steering gear is 180 tons. In the 
Queen Mary and Queen Elizabeth, the hydraulic- 
steering telemotor equipment fitted between the navi- 
gating bridge and the steering compartment does not 
directly control the output of the main variable- 
delivery pumps, but controls the output of two small 
variable-delivery pumps driven by 4-h.p. motors. These 
pumps supply fluid to hydraulic cylinders, which, in 
turn, operate the main steering-gear controls. 

The ship’s auxiliaries, like the propelling auxiliaries, 
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are almost invariably electrically driven in a modern 
liner. In the case of the Queen Elizabeth, there are 
two distinct electrically-driven port and starboard 
windlasses, each having its own motor, although 

ments are provided to allow each unit to be 
driven by either motor. Each motor is capable of 
developing nearly 300 brake horse-power, and the 
control] is on the Ward-Leonard system, which gives 
the requisite variety of speeds, from the slow creep 
for housing the anchor to a slack-rope speed of 90 ft. 
per minute. At 50 ft. per minute the power is sufficient 
to provide a pull of 60 tons on the cable. In addition 
to the anchor windlasses, the Queen Elizabeth carried 
six electrically-driven warping capstans, each driven 
by a 216-brake horse-power motor, two similar capstans 
each driven by a 180-brake horse-power motor, and 
two small capstans each driven by an 80-brake horse- 
ne motor. All these capstans are controlled on the 

ard-Leonard system. 

In the Queen Elizabeth, there are 49 hydraulically- 
operated water-tight doors, all of which are capable of 
being closed from the bridge in less than one minute. 
The system is operated by two pumps supplying fluid 
at a pressure of 700 Ib. per square inch. All the 

ger accommodation is protected by an automatic 
sprinkler installation on the Grinnell system. The 
system is supplied with water from three sources. The 
initia] charge is taken from two pressure tanks, each of 
which has a capacity of 1,000 gallons of water, and 
having the water pressure maintained by compressed 
air above the surface of the water; the air pressure is 
maintained automatically by an air compressor. The 
second means of supply is provided by a motor-driven 
centrifugal pump, drawing from the sea and having a 
capacity of 1,100 gallons per minute. The pump 
starts automatically when a reduction of pressure in 
the tanks occurs owing to water being discha 
through one or more sprinkler heads. The third 
source of water supply to the sprinkler system is from 
shore mains. 

A complete air-conditioning installation is provided 
for all the principal public rooms, consisting of supply 
and exhaust fans, dehumidifiers, steam heating, auto- 
matic air dampers, and temperature and humidity 
controlling equipment. The total capacity of the 
air-conditioning installation is about 10,000,000 cub. ft. 
of air per hour. Consideration had to be given to 
extreme climatic conditions, so that the installation 
would be capable of maintaining comfortable condi- 
tions of temperature and humidity in the various 
compartments, under external atmospheric conditions 
varying from 0 to 100 deg. F., with every associated 
variation in humidity. Under summer conditions, 
temperatures and humidities necessary for complete 
comfort can only be attained with refrigerating arrange- 
ments, which are required for reduction of humidity, as 
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well as for reducing the temperature. Three sources of 
refrigeration are therefore used in association with the 
air-conditioning plants installed on the Queen Eliza- 
beth. The major portion of the load is carried by a 
vacuum refrigeration plant. Parts of the load are also 
carried by a Hall carbon-dioxide machine, and by a 
Hallmark methyl-chloride machine. The vacuum 
refrigeration plant is very simple in principle, the 
desired cooling effect being obtained by the evaporation 
of a small fraction of the water circulated. As it is 
necessary that this evaporation should take place at 
between 40 and 50 deg. F., a very high vacuum must 
be maintained in the evaporating chambers. This is 
accomplished by a series of steam ejectors, which, after 
extracting water vapour, compress and discharge it, 
together with the ejector steam, into a surface con- 
denser. The dehumidifier is the source of the con- 
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ditioned air, and therefore the most important com- 
ponent. It consists of a sheet-steel casing with a tank 
beneath. Within the casing is a series of spray nozzles, 
through which water is pumped at a pressure sufficiently 
high to create a dense bank of mist. The air to be 
conditioned is drawn through the mist, the temperature 
of which determines the final condition of the air. In 
summer, the water sprayed into the dehumidifiers is 
cooled by means of the refrigerating plants already 
described, and so cools and dehumidifies the air. In 
winter, the action of the dehumidifiers is reversed, their 
function in cold weather being to increase the moisture 
content of the air. In addition to the air-conditioning 
plant, the vessel is fitted with a very extensive Thermo- 
tank ventilating and heating system. The supply units 
deliver air, suitably heated and humidified if required, 
to the various spaces, while the exhaust fans remove 
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the contaminated air from the smoke rooms, lounges, 
bathrooms, etc. The installation includes 280 fans 
and 105 heating units; the aggregate power of the 
electric motors driving the fans is approximately 
1,350 horse-power. The total volume of air supplied 
and exhausted is more than 118,000,000 cub. ft. per 
hour. 

For emergency service, there are two oil-engine- 
driven 75-kW generator sets. Each set comprises an 
eight-cylinder kerosene engine running at 850 r.p.m., 
directly coupled to a 75-kKW 220-volt direct-current 
generator. Electric, as well as hand, starting is fitted 
to both these sets, which are designed so that they 
can be started up and put on to full load instantaneously 
to meet any emergency. The main refrigerating 
machinery comprises two vertical carbon-dioxide 
machines, each with a pair of compressors mounted on 
a totally-enclosed frame, and having forced lubrication 
to all bearings. This plant is designed to deal with 
the insulated provision chambers, as well as a con- 
siderable number of cold cupboards and water coolers. 

The vast number of sanitary discharges to be dealt 
with, many of which are situated below the water line, 
demand the provision of special disposal arrangements. 
The plant installed for this purpose comprises 20 com- 
plete sets of sewage-disposal tanks and ejectors. The 
20 pumps associated with these plants have been 
specially designed for the purpose—to pass solid 
accumulations of waste. Each pump is driven by a 
12-brake horse-power electric motor, and the operation 
of the plant is fully automatic. On the Queen Elizabeth, 
35 electric lifts are provided to facilitate rapid transit 
from one deck to another, and to promote an efficient 
service. In the event of the main electric supply 
failing, the lifts can still be operated on the auxiliary 
motors from the emergency electric supply. 

Acknowledgements are due to the Cunard White 
Star, Limited, for permission to publish information 
about the machinery of the Caronia and other Cunard 
White Star ships, and to the Canadian Pacific Steam- 
ships, Limited, for permission to publish information 
about the machinery of the Duchess of Bedford and 
the Empress of Britain. 





TRON, STEEL AND COAL PRODUCTION IN BELGIUM AND 
LUXEMBOURG.—Statistics recently issued show that, 
during April, Belgium produced 334,420 metric tons of 
pig iron and 331,060 tons of steelingots. In Luxembourg, 
the blast furnaces produced 210,625 tons of pig iron 
during April. The output of steel during the same 
month was 200,811 tons. Belgium’s coal output, during 
May, was 2,662,715 tons, and that of Luxembourg during 
April, 260,018 tons. 
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Copper Underground : Its Resistance to Soil Corrosion. 
Publication No. 40. Copper Development Associa- 
tion, Kendals Hall, Radlett, Herts. [Free to ap- 
proved applicants. ] 

Tuts 50-page booklet reviews some of the investigations 
which have been made by various bodies to determine 
the susceptibility of copper to soil corrosion, and to 
compare its rate of corrosion with that of materials such 
as brass, aluminium-bronze, lead, cast-iron, and steel. 
The booklet also discusses the experiences of authorities 
who have employed copper for underground gas or 
water services. Diagrams and photographic illustra- 
tions are included, together with tables which show the 
results as well as the nature of the tests under review. 
In general, the actual results of laboratory and field 
tests (in which the degree of corrosion was estimated 
by loss in weight or by depth of pitting,) are empha- 
sised, and little attempt is made to discuss corrosion 
theories. Most of the tables are taken from the reports 
of the National Bureau of Standards of America, and the 
British Non-Ferrous Metals Research Association; a 
brief reference is also made to the work being carried out 
by the British Electrical and Allied Industries Research 
Association. Variables, such as soil composition and 
drainage, are discussed, and a short section outlines the 
precautions which can be taken under conditions 
favourable to corrosion. Detailed cost comparisons 
are not made, but the actions and experiences of the 
authorities quoted indicate that the use of copper 
reduces corrosion troubles as well as the cost of digging 
up and replacing corroded piping. A bibliography, 
listing 35 technical papers and reports, is given. 





Railways to Cambridge: Actual and Proposed. Loco- 
motion Paper No. 2. By Rearnatp B. FELLOws. 
The Oakwood Press; ‘‘ Tanglewood,” South God- 


stone, Surrey. [Price 3s.] 


For some reason not specifically explained in this 
booklet, the name of Cambridge appeared in many 
proposed railway schemes. Perhaps it was because the 
town lay between London and York; anyway, what- 
ever the reason, no less than 17 sites for a railway station 
at Cambridge were proposed between 1834 and 1864. 
The only one that was built, and the one that stands 
to-day, was formally opened on July 29, 1845, by 
the Eastern Counties Railway (subsequently Great 
Eastern Railway, London and North Eastern Railway, 
and now the Eastern Region). The platform has since 
been widened and lengthened, and the offices have been 
rebuilt, but it is still a rather extraordinary station, 
with a single platform, 1,650 ft. in length, serving both 
up and down main-line traffic. The station was built 
in connection with the Eastern Counties line‘ from 
Newport to Cambridge and Brandon ; Robert Stephen- 
son was the engineer. By 1866, Cambridge had become 
a railway centre, with trains of four companies—the 
Great Eastern, Great Northern, London and North 
Western, and Midland Railways—converging on it 
from north, south, east and west. Canon Fellows has 
written a concise but comprehensive history of the 
proposed and actual railways to Cambridge. Some of 
it has appeared elsewhere from time to time, but it is 
useful to have the full account in one booklet. There 
are several illustrations, a neatly-executed map, and 
some notes on passenger engines that have worked to 
Cambridge. 





Walschaerts’ Valve Gear. By Henry GREENLY. Re- 
vised by Ernest A. Steet. Percival Marshall and 
Company, Limited, 23, Great Queen-street, London, 
W.C.2. [Price 3s. net.] 

Tuis is a revised edition of one of the books on model 
locomotives in which the late Mr. Henry Greenly used 
to excel. In this case, he dealt very fully with 
Walschaerts valve gear (which, in its improved form, 
attains its centenary this year), translating Fall. size prac- 
tice into designs for not-so-small model locomotives. 
Realistic appearance is by no means sacrificed, but when 
the widths of ports are measured in a few sixty-fourths 
of an inch it is necessary, as he remarks, to “ coarsen ” 
some parts. The problem, however, is still tackled 
from an engineering point of view—the differences are 
only those due to size—and from his considerable 
experience of powerful models he was able to draw 
attention to practical points of design. One of the 
difficulties in models, apparently, is that of maintaining 
the steam tightness of piston valves, and Mr. Greenly 
contended that it was not practicable to employ narrow- 
head valves less than 2 in. or 3 in. in diameter. He 
therefore designed a double-port valve which permitted 
an increase in the width of the valve head. The 
method of designing Walschaerts valve gears, with 
variations in the shapes and dispositions of the members, 
is fully described, as also is valve setting by adjusting 
the length of the eccentric rod. The last chapter 
includes a note on the Baker gear, and the Gresley 
conjugated gear for three-cylinder engines. 
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PUMPS. 


596,064. Rotary Pump. Stothert and Pitt, Limited, 
and G. E. E. Marshall, both of Bath, Somerset. (5 Figs.) 
July 17, 1945.—This invention is a rotary positive-dis- 
placement pump for working against high pressure. The 
drawing shows an arrangement of a pump with four 
stages. Each stage comprises a rotating inner rotor 1 
and a rotating outer rotor 2 arranged within a stationary 
liner 3. The inner rotors 1 are carried by the driving 
shaft 4 on which they are a sliding fit. The bore of 
each liner 3 is eccentric to the shaft 4 and the inner 
rotors 1. The fourstages are separated from one another 
by dividing plates 5,6 and 7,each provided with a single 
port 9, 10 and 11, respectively, plates 8 with ports 12 
also being provided. The ports in the alternate 
dividing plates are 180 deg. apart, so that the ports and 
eccentricity are always in the same relative position, 
the different stages when assembled being arranged with 
eccentricity alternately above and below the centre of 
the shaft 4. The location of the liners and dividing 
plates is registered by means of through bolts 13. The 
liners and dividing plates of the different stag: s are made 
with metal to metal joints, and, in addition, a suitable 
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joint ring 14 is fitted. Each inner rotor 1 is fitted with a 
U ring 15, facing towards the discharge side, to stop any 
fluid from leaking from high to low-pressure sides between 
the bore of the rotor and the shaft on which it is a sliding 
fit. The shaft is located by ball and roller bearings 16 
fitted in the pump covers 17. Seals 18 and 19 are fitted 
between the bearings and cover face to prevent the fluid 
reaching the bearings. To prevent the seal 19 at the 
high-pressure side of the pump being unduly subjected 
to pressure, a small-bore pipe is fitted to connect the 
space 20! around the shaft to the suction side of the 
pump. The centre of the outer rotor is below the centre 
line of the shaft 4, so that the fluid can be drawn from the 
suction pipe 23, through the first two stages, to port 10 
and discharged at the other side of the vertical centre 
line (stage 3), through the port 11 where it is received 
by the pump rotors at that side and discharged at the 
opposite side of the centre line (stage 4) through port 12 
and thence to the delivery pipe 24. When assembled in 
this manner the stages are arranged with the eccentricity 
180 deg. apart. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


596,072. Adjusting Magnetic Compasses. Henry 
Hughes and Son, Limited, of Barkingside, Essex, D. H. 
Perkins, of Ingatestone, Essex, and A. J. Hughes, of 
Chigwell Row, Essex. (4 Figs.) July 17, 1945.—This 
invention consists of a device for adjusting magnetic 
compasses in a more simple manner than has been em- 
ployed previously. Two pairs of ring magnets d (Fig. 1) 
are arranged in horizontal planes, associated to produce 
horizontal fields at right angles to one another and 
mounted for rotation about a vertical axis passing 
through the compass pivot. The resulting magnetic 
field will vary from a maximum when like poles are 
adjacent to a minimum when unlike poles are adjacent. 
The ring magnets are carried in a cylindrical casing a 
(Fig. 2) which can slide on the bucket tube b, in the pedes- 
tal of the binnacle below the compass, so that the longi- 
tudinal axis 2-2 of the casing passes through the compass 
pivot. To prevent rotation of the casing relatively to 
the bucket tube b, this latter has a spline b' which 
engages with keyways in the end covers a* and a‘. The 
ring magnets d are concentrically attached respectively 
to two bevel wheels f, f, the teeth of which project beyond 
the perimeter of the magnet d or ring e, and mesh with 





the teeth of a bevel pinion g. Each pair of bevel wheels 
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tf, f,and associated ring magnets d, d are trunnioned, 
respectively, in plates h,h mounted one above the other 
in the casing. To enable the pinions g, g to be rotated, 
independently of each other, and to be locked securely 
in the adjusted position, the pinions have spindles j,j 
fitted with externally arranged finger wheels k, k. To 
secure the pinions g in adjusted position the perimeter of 


Fig.2. ? 


- ——~+ 






== Soe 







— = 












‘AN 


uF 


J 







z, 
7 
22 








49. 
A 
4 


tt 


i 
i 





(586,072) 


each finger wheel k is milled, serrated or knurled, and a 
spring-loaded block presses on the edge of the wheels. 
To enable the desired adjustment to be effected, the two 
bevel wheels f, f of each pair must be similar, so that 
when the bevel pinion g is rotated the bevel wheels f, / 
will be turned simultaneously in opposite directions 


through equal angles. (Sealed.) 
° 
MISCELLANEOUS. 
596,216. Magnetic Escapement. C. F. Clifford, of 
Bath, Somerset. (11 Figs.) April 18, 1939.—-This 


invention is a magnetic escapement mechanism suitable 
for use in a time-piece. It consists of two relatively 
movable parts, one part embodying a wavy track made 
of magnetically conductive material, and the other part 
being a magnet arranged so that at least one pole can 
follow the wavy track. In one construction, a pendu- 
lum a is suspended on a knife-edge fulcrum b and incor- 
porates a block c of non-magnetic material in which is 
embedded a magnetic conductor d of continuous wave- 
like form, which, at its inner periphery, forms a sine curve 
of eight complete cycles inscribed on an imaginary 
cylinder. The conductor d is made from an annular 
washer of mild steel pressed into a wave form. A star- 
shaped magnet e is mounted so that it can rotate within 
the cylinder, its axis being coaxial therewith when the 
pendulum is at its central position. The magnet has 
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eight poles ¢,, ¢, of alternate N and S polarity, so that 
in any working position of the pendulum the poles 
coincide simultaneously with corresponding points on 
each cycle of the wavy path of the conductor d. This 
star-shaped magnet e is driven by a spring or weight 
so as to rotate inside the cylinder, but is prevented 
from turning until the pendulum oscillates by reason 
of the magnetic attraction between the poles and the 
wavy path of the conductor. In operation, rotation of 
the star magnet is controlled by the periodicity of the 
pendulum, the spokes of the former tracing out the 
sine waves on the oscillating cylinder and thus “ escap- 
ing,” ie., rotating slowly under the control of the 
pendulum. The escapement action is mechanically 
frictionless, free from wear and silent, and the small 
power applied to the magnetic conductor d by the star 
wheel will stimulate the oscillation of the pendulum 
smoothly by impelling the same in each direction of 
movement while the inclined portion of the wavy 





magnetic conductor is being traversed. (Sealed.) 
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HANGAR FOR AEROPLANE 
TESTS IN EXTREME 
CLIMATIC CONDITIONS. 


Tue United States Army Air Force requires that 
all aircraft and ground equipment shall be capable 
of operating satisfactorily in any climatic conditions 
which may be encountered. In particular, they 
must function properly over a temperature range 
of some 200 deg. F. When an aeroplane is standing 
on a desert, or a jungle airstrip, its temperature 
may reach + 130 deg. F. and, at the other end of 
the scale, at high altitudes may fall to — 70 deg. F. | 





ENGINEERING. 
and to permit testing at any time of the year, what 
is termed a “climatic hangar” has been built at 
the headquarters of the Army Air Forces Proving 
Ground Command, at Elgin Field, Florida. The 
hangar is 250 ft. wide, 200 ft. long and 70 ft. high, 
permitting the largest military aeroplane now in 
service to be submitted to tests under extreme 
climatic conditions. In addition to the main 
hangar, the buildings embody an engine test-room, 
30 ft. by 133 ft. by 25 ft. high; a cold test-room, 
hot test-room, desert test-room, jungle test-room, 
and tropic-marine test-room, each 13 ft. by 13 ft. ; 
an all-weather room for physiological testing, 13 ft. 





by 34 ft.; and a refrigerated strato-chamber, 


25 
dealt with and the efficiency of clothing and other 
personnel equipment under long-continued adverse 
conditions determined. An important aspect of the 
work is study of the time required to carry out 
maintenance work in the most unfavourable 
circumstances. The temperature of — 70 deg. F. 
can be maintained when an aero-engine of 2,500 h.p. 
is operated periodically inside the hangar and the 
outside air temperature is 95 deg. F. Observation 
rooms are provided from which operators can 
observe tests without being subjected to the atmo- 
spheric conditions inside the hangar. 

The buildings are dominated by the main hangar, 
as shown in Figs. 1 and 2, on this page. This 


When a machine is at rest on Alaskan or Arctic! 10 ft. by 14 ft. The temperatures within the! apartment has a clear working space 250 ft. by 
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airfields, temperatures as low as — 50 deg. F. are 
frequently reached and have caused trouble with | 
engine starting, frozen oil-pipe lines and gear move- | 
ment. In the past, it has been usual to carry out | 
extreme climatic tests in locations at which the | 
required conditions were naturally present, but this 
procedure has necessitated the transport of machines 
and equipment over long distances to reach remote 
localities and frequently much time was lost in 
waiting for the required conditions to develop. 
Even in favourable circumstances, the low tem- 
perature necessary continued, in many cases, for 
only a few hours, and much longer periods were 
desirable for conclusive testing. Investigations in 
remote localities also made it difficult to maintain 
adequate liaison between designers, manufacturers 
and the testing staff and when detail changes were 
found necessary, modified equipment frequently 
could not be re-tested until the following season. 

To eliminate these delays and incanyeniences 





Fig. 1. STEELWORK OF Marn Hanaar BUILDING. 
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Buriprnes COMPLETED. 


hangar and test-rooms can be maintained within 
a range of from — 70 deg. F. to + 165 deg. F., and 
relative humidities can be kept within a range of 
10 per cent. to 95 per cent. when temperatures are 
maintained in the range + 50 deg. F. to + 165 deg. 
F.; there is no provision for controlling relative 
humidity at temperatures below + 50 deg. F. 
Wind storms up to 100 miles an hour, accompanied 
by sleet, snow, rain, dust, or sand, can be simulated, 
and artificial sunlight equivalent to noonday desert 
sun can be provided. There is no provision for 
operating the hangar under reduced pressure, but 
high-altitude tests of personnel and equipment can 
be carried out in the strato-chamber. This part of 
the equipment is referred to in detail later. 

The hangar is not designed for experimental 
and development testing; its purpose is to test 
Service aircraft and equipment under the most 
extreme conditions to which they may be subjected 
in practice. Air Force ground yehicles may also be 





200 ft., with a height of 25 ft. at the sides rising to 
60 ft. in the centre. The total volume enclosed is 
approximately 2,900,000 cub. ft. The engine test- 
room, and other apartments mentioned above, are 
situated in independent buildings at the north and 
south sides of the hangar; some of these can be 
seen in Fig. 2. The north and south walls are of 
reinforced concrete and tube construction up to a 
height of 28 ft.; above this, the structure is of the 
steel-frame type. Nine arched trusses, 24 ft. in 
depth, shown in Fig. 1, span the 254 ft. between the 
north and south walls and support the roof and 
insulating ceiling. The east and west walls are of 
steel frame construction stiffened by exterior 
bracing, that at the east end being shrouded by a 
lean-to structure which can be seen in Fig. 2. The 
building is designed to withstand wind stresses of 











from 30 to 40 lb. per square foot, corresponding to 
a wind velocity of 100 m.p.h. All the steel and 
concrete structural] material is outside the space 
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subjected to extreme temperature conditions. 
The main door, at the west end, consists of two 
leaves each supported by four trucks running on two 
standard-gauge rail tracks, pitched 25 ft. apart, 
and laid on the concrete base on which the hangar 
stands. The door is illustrated in Fig. 3, on this 
page. The leaves are- self-supporting and self- 
propelled, being moved by electric motors on the 
trucks. They are built up of steel framing covered 
by steel plate which, on the outside, is covered 
by 1 in. of insulation protected by corrugated 
asbestos-asphalt sheets. On the inside, the steel 
sheets are lined with 13 in. of Fiberglas insula- 
tion covered by galvanised-iron sheeting. When 
the leaves move into place to close the door, hooks, 
carried by the leaves, engage with catches situated 
around the perimeter of the opening and a power 
drive draws up the hooks, forcing the leaves on 
to the hangar face. A 6-in. sponge-rubber gasket 
forms a tight seal. A cam is also provided which 
forces rubber pads on the bottom of the door into 
contact with the hangar floor. Electric-heating 
elements are installed to de-ice the seals after low- 
temperature tests. Each leaf weighs abog 200 
tons and the door can be opened in seven minutes 
and can be controlled by one man. Power for 
operation is obtained from the trolley wires which 
can be seen in the upper part of Fig. 3. 

One of the leaves of the main door is provided 
with an auxiliary door 50 ft. wide and 15 ft. high. 
It is of the vertical-lift type and is counterweighted 
and electrically operated, and can be opened in 
two minutes. There are other main doors on the 
north and south sides of the hangar, that on the 
north being intended for personnel only. The south 
door is 10 ft. square, which is sufficiently large to 
permit it to be used for comparatively bulky pieces 
of equipment. Both these doors are fitted with 
entrance locks to prevent loss of air from the hangar 
when they are opened. There are also emergency 
escape doors at each corner of the hangar. These 
open outwards and are not provided with air locks. 











The side and rear walls of the hangar are insulated | 


with 13 in. of Fiberglas covered on each side by 
22-gauge galvanised steel sheet. The outer sheet- 
metal barrier has lock-seam soldered joints and the 
joints of the inner barrier are welded. Air spaces, 
12 in. wide, are left between the insulation and 
the sheet-metal covers. Any moisture leakage, 
penetrating the walls, will be condensed on the 
vapour barriers formed by these air spaces and 
arrangements are made to draw it away at the 
bottom. Expansion and contraction in the sheet- 
metal barriers is provided for by V expansion joints 
at 10 ft. centres. The Fiberglas insulation is 
erected in three layers, respectively, 4 in., 5 in.and 
4 in. thick. The outer layers are framed vertically 
and the middle layer horizontally. The slabs of 
insulating material are supported by a wooden 
framework, which locates the position of the 
insulation in reference to the sheet-metal barriers. 
The arrangement provides air spaces in the form of 
vertical panels, 6 ft. across on the exterior and 
2 ft. 13 in. on the interior, through which air can 
circulate. An interior view of the south wall of 
the hangar during construction is reproduced in 
Fig. 4, on this page. The wood framework sup- 
porting the insulation can be seen, and, in the lower 
part of the illustration, the inner sheet-metal 
barrier is shown in position. Externally to this 
panel, the walls are covered by corrugated asphalt- 
protected steel sheets, secured to the main steel 
framework and forming the external surface of the 
building. 

The extreme, and regulated, variations of tem- 
perature inside the hangar required that the floor, 
equally with other parts of the building, should be 
of low heat conductivity. The subgrade on which 
the hangar stands consists of sand lying well above 
ground-water level and with good natural drainage. 
After the ground had been thoroughly consolidated 
by tamping, a 7-in. thick plain concrete slab was 
laid covering the building area. Over the concrete, 
a two-ply layer of asbestos-felt was laid, and over 
this a 15-in. thick mat consisting of three layers of 
Foamglas blocks. Foamglas is a true glass having 
a thermal conductivity of 0-45 B.Th.U. per hour, 
per square foot, per deg. F.; a coefficient of 
expansion of 0-0000046 per deg. F.; and a crushing 
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INTERIOR OF SoutH WALL Durtna CONSTRUCTION. 


strength of not less than 100 lb. per square inch. | nine arched trusses spaced 25 ft. apart. They have 
Above the glass blocks a three-ply layer of asbestos- a span of 254 ft. and vary in depth from 24 ft. at 


felt is laid and over this there is a 12-in. thick 
reinforced-concrete slab forming the floor of the 
hangar. This concrete floor was run in 12 ft. 6 in. by 
12 ft. 6 in. slabs with 4 in. copper-seal expansion 
joints between the slabs. The upper parts of the 
copper seals are flush with the floor and the spaces 
below them are filled with a synthetic-rubber com- 
pound. The floor is designed for an aircraft wheel 
load of 150,000 lb. and a pressure of not more than 
35 Ib. per square inch on the glass blocks. A bomb 
pit, 10 ft. wide, 10 ft. deep and 81 ft. long, is provided 
on the east-west centre line of the hangar. Its pur- 
pose is to enable tests of release mechanism to be 
carried out with dummy bombs. Sixty thermo- 
couples are built into the floor, sub-surface and walls 
of the building and a number of deflectometers have 
been incorporated in the concrete floor slab. 





The structural members of the roof consist of 





the centre to 14 ft. at the outer ends, which are 
carried by the reinforced-concrete north and south 
walls. The roof, carried on steel purlins, consists of 
asphalt-protected corrugated steel sheets, laid over 
1 in. thick insulating board for the sloping portions. 
The roof has a flat centre section, as can be seen 
in Figs. 1 and 2. This is 50 ft. wide and consists of 
steel decking covered by a 1-in. thickness of insulat- 
ing board and a three-ply belt. This structural roof 
is independent from the insulating ceiling of the 
hangar. This latter is generally of similar construc- 
tion to the side walls already described, consisting 
of three layers of Fiberglas with air spaces on each 
side, the boundaries of the assembly consisting of 
metal sheets formed with expansion joints. The 
ceiling is carried on 8-in. channels running parallel 
to the lower chords of the roof trusses. The channels 
are supported by wrought-iron chains from the 
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Ducts FOR CONDITIONED AIR. 


chords, these chains forming the only metal connec- 
tion between the ceiling and the roof, other than a 
few electrical conduits. Heat transfer between 
the interior of the hangar and the roof is reduced to a 
minimum by this construction, which has the addi- 
tional advantage that the chains permit small 
movements of the ceiling structure, which may be 


duction of 50,000 cub. ft. per minute of fresh air at 
ambient temperature, at any time, for the purpose 
cf flushing the hangar. 

The compressor and other equipment is supplied 
with power from a step-down substation situated 
on the works, but the complete installation includes 
a boiler-house containing two water-tube and one 
caused by temperature changes, to take place. fire-tube boilers to supply the steam necessary for 

Temperature and humidity conditions inside | general heating and for raising the temperature inside 
the hangar are controlled by air conditioning and|the hangar for testing purposes. The equipment 
Fig. 5 shows some of the ducts attached to the|is capable of raising the hangar temperature to 
ceiling for the entrance of the conditioned air. These | 165 deg. F. in 16 hours, in the winter. The small 
ducts are of galvanised iron and outside the con- | fire-tube boiler is adequate to carry the minimum 
trolled-temperature space, where they connect to|summer load. Illumination inside the hangar is 
the machinery rooms, are heavily insulated. The | provided by 161 light fixtures with a total wattage 
outlets on the duct lines shown in Fig. 5, are fitted | of 88,650, equivalent to 1-78 watts per square foot 
with diffusers and the maximum temperature |of floor area. Incandescent lamps are used, as 
difference between the floor and ceiling is limited|mercury-vapour lamps could not be operated 
to 15 deg. F. Air is withdrawn from the hangar| under the conditions of low-temperature tests. 
through grills in the south wall, which lead to insus| Fire protection is provided by a sprinkler system 
lated return ducts. |supplied from a 600,000-gallon reservoir through 

The air-conditioning plant consists of three | four centrifugal fire pumps, each having a capacity 
independent multi-stage compression systems, each | of 2,500 gallons per minute. Although it was first 
operating on two banks of air-cooling coils and one | thought that water sprays at temperatures far 
air-circulating fan per bank, making a total of | below freezing point would not be effective, tests 
six coil-banks and six circulating fans for the cold-air | made under the direction of the National Board of 
system. The compressors, of the centrifugal type, | Fire Underwriters showed that the introduction of 
are arranged for compound operation with a first-|a large amount of water at a pressure of about 
stage compressor discharging through intercoolers | 60 lb. per square inch and a temperature of 70 deg. F. 
to a second-stage compressor. The refrigerant | would raise the air temperature above freezing 
liquid from the condenser of the second-stage com-| point. The temperature rise would cause rapid 
pressor feeds back through the intercooler to a| expansion and increase in pressure, and accordingly 
low-pressure receiver where it is picked up by refri- | sutomatio vents have been installed to deal with 
gerant pumps and re-circulated through the six|this condition should it arise. 
air-cooling coils. Air from the low-pressure receiver 
returns to the suction of the first-stage compressor 
unit. Make-up air from outside is cooled in three | floor and ceiling being heat-insulated, generally in 
stages. In the first, the temperature is reduced to | the same manner as those of the hangar. The 
40 deg. F., and in the second to 5 deg. F. An| temperature operating conditions are also similar, 
ethylene-glycol spray keeps the coils free from | but provision is made for the simulation of sand and 
frost, the moisture being picked up by the glycol | dust storms. Sand is introduced into the circulating 
and removed in a continuous automatic concen- | air system and bag filters are provided which enable 
trator. The 5 deg. F. air can be delivered to any | the sand to be reclaimed from the air and reintro- 
of the fan suctions of the six air-cooling systems, | duced into circulation. In general, tests in the room 
where its temperature is reduced to — 70 deg. F.| are remote controlled, observation being made from 
The fresh-air make-up in the hangar is controlled | chambers at each side. The room is provided 
from a central board which incorporates indicators | with an insulated lock through which engines and 
showing the amount of fresh-air being delivered, as | other equipment may be introduced into, or taken 
well as warning lights which show when the fresh air from, the test-room without the loss of conditioned 
make-up is falling below the quantity necessary to | air. 
maintain satisfactory atmospheric conditions. The| The equipment of the other auxiliary test-rooms 
make-up can be controlled to provide an air change | which have been mentioned varies with the purpose 
in the hangar in periods varying from three to|for which the individual rooms are intended. In 
twelve hours. Provision is also made for the intro-! the cold test-room, the temperature can be reduced 


The engine test-room, 30 ft. by 133 ft. by 25 ft. 
high, is a reinforced-concrete structure, the walls, 
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from + 95 deg. F. to — 70 deg. F. in 24 hours, 
and held at the lower temperature indefinitely. The 
hot test-room is designed for inside temperatures 
varying from + 70 deg. F. to + 165 deg. F., with 
the relative humidity varying between 10 per cent. 
and 95 percent. In the desert test-room, conditions 
can be varied, either way, from 60 deg. F. and 46 per 
cent. relative humidity, to 120 deg. F’. and 7 per cent. 
relative humidity, in 2 hours; lamps are fitted to 
simulate day-time desert sun. The jungle test-room 
conditions can be varied, either way, from 110 deg. F. 
and 80 per cent. relative humidity to 90 deg. F. and 
saturation, in 2 hours ; provision is made to simulate 
12 in. per hour rainfall. In the tropic-marine test- 
room, conditions may be varied either way, from 
105 deg. F. and 50 per cent. relative humidity to 
70 deg. F. and saturation, in 3 hours; equipment 
is provided to produce salt spray and rainfall of 
12 in. per hour. 

The all-weather test-room and strato-chamber are 
intended for physiological testing of personnel and 
personal equipment under extreme weather condi- 
tions. The temperature in the room can be reduced 
from + 70 deg. F. to — 40 deg. F. in six hours and 
to — 70 deg. F. in 24 hours; it can be raised from 
+ 70 deg. F. to + 170 deg. F. in 2 hours. The 
maximum relative humidities possible vary from 
95 per cent. at 65 deg. F. dry bulb to 45 per cent. 
at 165 deg. F. dry bulb. The minimum relative 
humidity is 5 per cent. A rain- and mist-making 
machine can simulate rainstorms of from } in. to 
15 in. per hour, and a wind machine can produce 
air velocities varying from 5 to 35 m.p.h. The 
room can be partly filled with water for testing 
life rafts and immersion suits. The strato-chamber 
is constructed to withstand pressures from zero to 
one atmosphere. The pressure can be reduced to 
87 mm. of mercury, corresponding to 50,000 ft., in 
12 minutes, and can be further reduced to 25 mm., 
which is equivalent to 80,000 ft. The temperature 
can be reduced from + 70 deg. F. to — 70 deg. F. in 
12 minutes, with 10 men in heated suits in the 
chamber, and can be further reduced to — 94 deg. F. 
with 2 men in heated suits. 
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Chemical Engineering Fundamentals. By CHALMER G. 
KIRKBRIDE. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
{Price 5 dols.]; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 30s.] 

Tse library of an average engineer or chemist 

engaged in the heavy chemical industry will not 

contain many books of this type; apart from the 
ubiquitous and invaluable Chemical Engineers’ 

Handbook of Perry, most of the books will be 

devoted to special subjects, such as absorption, 

or chemical-works pumping. Again, the chemist 
who has spent, say, 20 years in the manufacturing 
side of the industry will have become very much 
an engineer, and vice versa. Whether a young man 
should be trained to be a chemical engineer, however, 
is hardly a matter for discussion in a review ; rather 
tardily, some British universities now offer such 
courses, and it is significant to observe that, next 
year, qualifying examinations will be inaugurated 
for a Chemical Engineering Tripos at Cambridge. 
Several authors have recognised the need for a text- 
book on the subject for those who are about to enter 
the chemical industry, and the need is not dis- 
puted. There are fundamental laws of matter which 
both the engineer and the chemist should know, 
and how and where these laws unite in the work of 
chemical production has been well shown in Mr. 

Kirkbride’s book. 

The author states clearly in the introduction, and 
on the cover, that the book is intended for students 
and it must be judged on that claim. It deals with 
first principles, though a preliminary second chapter 
is devoted to human relations, a subject on which 
employers now lay much stress. It is an interesting 
chapter, though perhaps not always happy in its 
observations ; on page 21, for example—admittedly, 
quoted from another author—is found the advice to 
‘Give the other fellow the benefit of the doubt if 
you are inclined to suspect his motives, especially 
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when you can afford to do so.” Would it not be 
better to recommend the student to Lord Chester- 
field’s Letters to his Son, and have done with it ? 

Chapter III deals with useful mathematical tools. 
In just over a score of pages, the author attempts to 
present the concepts of dimensional consistency, 
the use of dimensional analysis, special graph papers 
and alignment charts, all of which are themselves 
the subjects of a vast number of text-books. The 
work of compression is admirable, but it is only 
useful if it leads the student to study the standard 
works cited. After Chapter III, however, the 
author gets down to the subjects of which he is 
clearly a master. Chapter IV deals with important 
concepts of physics and chemistry, and subsequent 
chapters are devoted to the material balance, the 
energy balance, static equilibria, and the economic 
balance ; on this last-mentioned topic, the author’s 
experience as a teacher, and later as an administrator 
in an advanced chemical process, is used with 
felicity. 

The reader who is not a student, but who merely 
requires information, will search in vain for the 
various processes of manufacturing, say, sodium 
sulphide. Used as examples, the manufacture of 
caustic soda is described in the chapter on material 
balance and again with the electrolytic process in 
the chapter on economic balance, but the parent 
processes, the production of soda ash and the winning 
of brine, are not mentioned. These instances are 
given, not as a criticism of the book, but rather to 
indicate its scope. The intermediate chapters, com- 
prising the greater part of the book, read rather like 
notes for lectures to students, and it is probable that 
they are based on such notes ; but there is nothing 
derogatory in this, and the author is to be com- 
mended for his courage in adopting a novel method 
of presentation. The final chapter is on the pre- 
sentation of technical results, a subject which seems 
to bother executives in America, but the chap- 
ter rather tends to spoil the balance of the book. 
It is a good chapter, however, containing the pro- 
vocative observation that: ‘‘The inexperienced 
engineer is usually rather weak in the presentation of 
technical results. Surprising as it may seem, however, 
this weakness is generally a result of his engineer- 
ing rather than his English.” On the whole, the 
book should well serve its purpose in “ teaching the 
young idea how to shoot ” at the problems which 
will soon assail him in a great and growing industry. 





Computing Mechanisms and Linkages. By A. SVOBODA. 
McGraw-Hill Book Company, Incorporated, 330 West 
42nd-street, New York 18, U.S.A. [Price 4.50 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 27s.] 

ENGINEERS and mathematicians have long employed 

a system of links or bars for the purpose of constrain- 

ing a point to move along a prescribed curve, Watt’s 

parallel motion and Peaucellier’s cell being well- 
known applications in the case of straight-line 
motion. It is only within recent years, however, 
that much attention has been paid to the utilisation 
of such linkages in computing devices, and more 
especially the continuously acting type to be found 
in instruments for the fire control of both naval and 
anti-aircraft guns, automatic pilots for ships, tor- 
pedoes and aircraft, and compensators for gyro- 
scopic compasses. Of the two ways of approach 
to the general problem, starting with a small-scale 
model in the first, and in the second from considera- 
tion of the analytical relations between the variables 
involved, the second often offers many advantages, 
since it leads to designs which are, in general, more 
satisfactory mechanically than those arrived at by 
the constructional method. Further, in the analy- 
tical method the basic ideas are simple, and with 
any reasonable function of one independent variable 
it is usually possible to select from the field of func- 
tions generated by an appropriate linkage having 
one degree of freedom, at least one function that 
differs from the given function by a relatively small 
amount. Thus, in more complicated cases, the 
practical solution involves the work of selecting 
from a family of curves too numerous and varied 
for effective cataloguing the curve that approxi- 
mates to the given function within certain limits of 

accuracy or tolerances. This residual error is a 

characteristic of such linkages, though it may be 
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reduced by a structural change, as, for example, by 
the addition of components or parts. This character- 
istic, however, has compensations, for the large 
number of adjustable dimensional constants yields 
greater flexibility and facilitates the improvement 
of results already obtained. The great utility of 
the method enhances the practical values of Mr. 
Svoboda’s treatise, by reason of the circumstance 
that the literature on the subject for the most 
part, is scattered through publications of several 
institutions and not readily available to the average 
reader. 

The first three chapters, which, in turn, present a 
survey of some more or less standard components of 
mechanical computers, a general discussion of bar 
linkages and the graphical procedure followed in 
the work, will be welcomed by those for whom the 
subject is novel and yet one of increasing importance. 
A clear understanding of homogeneous parameters 
and homogeneous variables is invaluable in the 
graphical study of the action of units in series, as is 
also the meaning of a harmonic transformer in the 
design of a device for the treatment of a given 
functional relation between two variables. By a 
combination of three-bar linkages and mechanical 
transformers, or “cells” in which the input and 
output parameters satisfy a given equation, it is 
feasible to deal with quite complicated expressions, 
including tangent and logarithmic functions. Al- 
though there is no general rule for guidance in the 
design of complex mechanical computers, the treat- 
ment given, together with practical experience in 
this class of work, should suffice for the purpose of 
examining each case on its merits having regard to 
such questions as cost, maintenance, ease of opera- 
tion under actual conditions, and the power required 
for driving the mechanism. While the specification 
should include information on the maximum 
admissible error and the number of servo-mechanisms 
allowed, it should not in any way limit the scope 
of the designer in providing a machine that satisfies 
the specified tolerances. In this connection it is 
worth noting that Chapter 7 contains a description 
of a method of reducing structural errors which is 
particularly useful after the usual numerical process 
has been applied, involving the introduction of small 
corrections by an eccentric linkage. This is but one 
of several instances where the reader’s attention is 
drawn to details which distinguish the better from 
the good in the matter of achievement. 

A balance of consideration between theory and 
practice is invaluable in the design of linkages with 
two degrees of freedom for the treatment of functions 
of two independent variables. This type of 
mechanism has several advantages, its flat form and 
small size render it relatively inexpensive to manu- 
facture in large quantities, and its smooth operation 
allows appreciable feedback, but it is rather difficult 
to design, by reason of the residual errors which 
must be brought within the specified tolerances. 
Experience of instrument design, coupled with a 
working knowledge of the theory given in the final 
three chapters, will determine very largely the 
nature to the compromise reached in given circum- 
stances. As regards theory, that of the star grid 
generator in particular plays an increasing part in 
the more advanced part of the work, as is shown in 
Chapter 10, where the treatment of the ballistic 
function is investigated along lines leading to the 
gradual improvement of accuracy. The volume is 
one of a series arranged by the Radiation Laboratory 
of the Massachusetts Institute of Technology under 
the supervision of the National Defense Research 
Committee in the United States of America, though 
the techniques described are to be attributed 
mainly to the author. The text and the tabu- 
lated data at the end together make it an essential 
book for the serious student of the subject. 





Dynamics. By S. L. GREEN, M.Sc. University Tutorial 
Press, Limited, Clifton House, Euston-road, London, 
N.W.1. [Price 10s. 6d.) 

Perrvusa of this book shows that success in teaching 

depends very largely on isolating difficulties and 

surmounting them one by one, without losing sight 
of the main problem. This is of some importance 

when, as in the present case, the author provides a 

course of study on the dynamics of particles and 








rigid bodies to meet the requirements of the general 
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and engineering degree examinations in the Univer- 
sity of London. In mechanics, the main problem 
is that of equilibrium or motion under the action 
of prescribed forces, the details being such things 
as vector notation, the theory of moments of 
inertia, and the kinematics of a rigid body. Starting 
with vectors and Newton’s laws of motion, Mr. 
Green proceeds by easy steps to Chapter V, when 
the elementary problem of a projectile is discussed, 
before the reader is introduced to central orbits, 
by way of chapters on circular and cycloidal motion, 
and the use of polar co-ordinates. The second half 
of the book contains an informative exposition of 
the motion of a system of particles, and of a rigid 
body in two dimensions, including the related 
problem of impulsive motion. Throughout the 
treatment the author strikes the right compromise 
in the matter of detail by introducing essential 
points at places where they facilitate, rather than 
hinder, progress towards more advanced topics. 
The explanations and illustrative examples in the 
text, and the numerous exercises appended to the 
several chapters, will be of assistance to the student 
in mastering the elementary principles of the subject, 
and pave the way for the consideration of the 
higher branches of dynamics in the case of students 
reading for an honours degree in mathematics. 





Partners and the Law. By PETER ELMAN. Stevens and 
Sons Limited, 119 and 120, Chancery-lane, London, 
W.C.2. [Price 4s. net.] 

THERE are in Great Britain many thousands of 
engineering workshops employing fewer than 50 
persons. Small undertakings, such as these, are 
often personally owned, and the question of succes- 
sion must be faced at some time or other in the 
history of every one of them. Flotation as a limited 
company is not always practicable or even desirable, 
especially where the important element of a personal 
touch has been a feature of a business, and succession 
by partnership provides a natural solution. Like 
many other things which appear natural and desir- 
able, partnerships are easy to form, but once 
formed, they may contain the elements of dissension, 
financial loss and disappointment, especially to the 
trustful and honest participant. To this extent, 
an exposition of the law in simple language should 
be most welcome to the proprietors of such busi- 
nesses, to those who desire to share their respon- 
sibilities, and to ensure the continuity of their work 
on retirement. 

Mr. Elman’s little book fulfils this requirement 
well. It deals with the definition of a partnership 
and how one is formed; the relations between the 
partners themselves, including accounts, the pay- 
ment of salaries, and the division of profits; and 
between them and non-partners—that is, the appli- 
cations of the doctrines of agency, and the statutory 
duties and liabilities of partnerships. It proceeds 
simply and logically to what is, perhaps, the most 
difficult and, to the layman, complicated part of 
the subject, namely, the dissolution of a partnership. 
The book is satisfying to read, and, moreover, is 
not encumbered with tables of decided cases and 
references, as it is intended to be an explanation 
of the law for the benefit of those carrying on 
business in partnership, or dealing with partnership 
firms. It may be added that the publishers are to 
be commended on their series of popular handbooks 
issued under the general title, ‘‘ This is the Law,” 
of which this book is one. 





WEMBLEY STATION RENAMED.—As from Monday last, 
July 5, Wembley (for Sudbury) railway station, on the 
Euston surburban line of the London Midland Region, 
will be renamed ‘“* Wembley Central.’ 





BIOLOGY AND CrIvit. ENGINEERING CONFERENCE.—A 
Conference on Biology and Civil Engineering will be held 
at the Institution of Civil Engineers, Great George-street, 
London, S.W.1, from September 21 to 23,1948. ThisCon- 
ference is intended primarily for members and others 
engaged in civil-engineering work where the problem of 
the effect of vegetation is an important factor. A 
number of biologists and civil engineers have been 
invited to present papers for discussion. These will deal 
with research and other work carried out not only in this 
country, but also in New Zealand, South Africa, Holland 
and the British West Indies. 
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THE WORK OF THE 
CHEMICAL RESEARCH 
LABORATORY. 


Wrru the object of making the work they under- 
take known to as wide a circle as possible, the 
Director and staff of the Chemical Research Labora- 
tory of the Department of Scientific and Industrial 
Research held two “ Open Days ” on July 1 and 2, 
during which representatives of industry, Govern- 
ment departments, universities and technical col- 
leges were invited to inspect the Laboratory and to 
view the work in progress. As our readers are 
no doubt aware, the Laboratory, which was founded 
in 1925, stands in close proximity to the National 
Physical Laboratory, at Teddington, Middlesex. 
Investigations of three main types are carried out 
in it. These comprise, in the first place, chemical 
researches of a fundamental nature which are 
not otherwise adequately provided for. Secondly, 
the Laboratory conducts chemical researches for 
other stations of the Department of Scientific and | 
Industrial Research and for other Government | 
departments. In the third place, the Laboratory 
carries Out chemical research of a fundamental or | 
industrial nature at the request of industry, and, | 
where appropriate, with its financial support. The | 
work of the Laboratory is divided into five main | 
branches of research, concerning, respectively, the | 
corrosion of metals, high polymers and _ plastics, | 
.oal-tar constituents, organic intermediate com- | 
pounds, and inorganic substances. 








are first formed by galvanic action or by iron 
bacteria. These tubercles provide conditions suit- 
able for the growth of the anzrobic sulphate-reduc- 
ing bacteria, which, here again, are capable of 
depolarising the cathodic elements of the galvanic 
cells responsible for corrosion, and so allow the 
corrosion process to continue. 

The remarkable properties of sodium benzoate 
as a corrosion inhibitor haye been further examined. 
It has been found that if 1-5 per cent. of this sub- 
stance is added to the water in a closed circulation 
system, the corrosion of iron, aluminium and other 
metals present is effectively inhibited. A series of 
specimens showing this were on view at the Labora- 
tory. Flasks containing strips of mild steels im- 
mersed in water containing sodium benzoate re- 
mained bright even after repeated heating and 
cooling. In contrast, other specimens immersed in 
water without this addition, as would be expected, 
were heavily attacked. The most recent application 
of sodium benzoate corrosion inhibition has been 
worked out in the Laboratory in collaboration with 
the Rubber Producers’ Research Association. This 
consists in impregnating rubber latex with the 
benzoate for the production of temporary coatings 
for the protection of metal articles from corrosion 
in storage or during transport. The procedure is 
quite simple ; a protective envelope is formed on 
the tool or article by merely dipping it in the 
impregnated latex.. When no longer required, the 
coating can be peeled off with eave, the underlying 
metal being found quite clean and bright. 


The high-polymers and plastics section of the 


Work on the corrosion of metals immersed in | Laboratory is engaged in fundamental studies of 
salt or fresh water under static conditions and when | the relationships between chemical structure and 
the samples are rotated at low or high speeds is being | the physical and physico-chemical properties of 
actively pursued. A high-speed rotor apparatus, | various resins and plastics. Among the subjects 
originally designed to investigate the corrosion | underinvestigation are the development of improved 
resistance of unpainted metal samples in sea or| synthetic glues and a fundamental study of ion- 
fresh water under conditions of rapid movement, | exchange resins with a view to the production of 
has now been applied with success to the evaluation |'materials of enhanced properties and of greater 
of protective coatings for ship steel. In the rotor | utility. The laboratories of the section contain 
apparatus, six specimens are mounted around the | semi-commercial scale equipment for the prepara- 
circumferential surface of an ebonite holder, which tion and fabrication of plastics, including hydraulic 
is driven, by means of a }-h.p. electric motor, | presses and moulds, and a constant-temperature and 
usually at a speed of 1,500 r.p.m. This gives a | constant-humidity kiln. In the test rooms are 
peripheral speed equal to about 20 knots. An| arranged a constant rate of load tensile-testing 
electrochemical method of studying the probable | machine and equipment for testing glued joints in 
service behaviour of paint films and determining | wood and light alloys. The coal-tar section of the 
their breakdown in immersed conditions shows}Laboratory is concerned with the isolation and 
great promise. Further progress has also been | identification of tar constituents and employs the 
made in the technique of stripping the very thin | most refined methods of separation, such as high- 
films of oxide on stainless steels and similar materials. | efficiency fractional distillation. Allied to this is the 
The separated films have been analysed chemically | determination of the physical and physico-chemical 
and examined by electron-diffraction technique and | constants of pure coal-tar products by the most 
by electron microscopy. A new development is to| accurate methods available. A piece of recently 
back the film, which is about 1 A thick and very | constructed apparatus of this type is employed for 
brittle, with a thin layer of Formvar plastic. The | the automatic plotting of freezing-point curves. Of 





resultant specimen is about 2 A in thickness and is | 
much less fragile than unbacked films. 

In the micro-biological corrosion section, investi- | 
gations are proceeding on the protection of pipes 
buried in heavy water-logged clay soils, where 
corrosion is liable to occur even when there is no 
access to atmospheric oxygen. Work done by 
Von Wolzogen Kuhr in the Netherlands and by 
H. J. Bunker at the Chemical Research Laboratory, 
in 1939, has shown that what is termed anerobic 
corrosion is caused by extremely active bacteria, 
which, by reducing the sulphates contained in the 
clay soil, in the vicinity of the iron, render the 
oxygen present in the sulphate available for the 
cathodic depolarisation of the corrosion cell with 
the result that attack of the iron occurs. In the 
present state of knowledge, it is recommended that 
pipes to be laid in clayey or swampy soils and soils 
subject to extended periods of waterlogging should 
be protected by a bituminous coating at least % in. 
in thickness, preferably reinforced with an inert 
binding material containing asbestos. The use of 
cellulose-containing material impregnated with 
bitumen is deprecated, as cellulose is decomposed 
by other soil bacteria into substances favouring the 
growth of sulphate-reducing bacteria. Recent 
work at the Laboratory has shown that sulphate- 
reducing bacteria may also be partly responsible 
for the attack and graphitisation, from the interior, 
of cast-iron pipes conveying soft waters. Nodular 


| resistance thermometer made by the National 


|and the changes of resistance are measured with a 


particular interest in this laboratory is a platinum- 


Physical Laboratory in collaboration with the 
Chemical Research Laboratory. In the glass bulb 
of this, which has an external diameter of about #in., 
is a helix of fine platinum wire shaped like a ‘‘U” 


precision vernier potentiometer and a sensitive 
mirror galvanometer. The thermometer is claimed 
to be probably the smallest and most sensitive piece 
of apparatus of its kind in this country and it is 
used for the determination of the boiling and 
freezing points of very pure organic compounds 
obtained from coal tar. 

The section dealing with organic intermediate 
compounds is concerned with the study of the 
application of high-pressure technique to chemical 
reactions, and, in particular, with catalytic hydro- 
genation and amination. A study is also being 
made of the preparation and polymerisation of 
organo-silicon compounds. These white rubber-like 
materials have interesting applications, particularly 
in the sphere of heat-resisting electrical insulation. 
They are completely unaffected by temperatures 
up to 200 deg. C., and some may even be used 
at temperatures up to 300 deg. C. The high- 
pressure laboratory in this section contains equip- 
ment suitable for carrying out chemical reactions 
at pressures of up to 250 atmospheres. This appa- 


other useful materials. We are informed that as a 
result of allowing industrial concerns to use the 
facilities available in the high-pressure laboratory, 
they have been greatly assisted in evaluating com- 
mercial pressure processes. Other work in the 
organic intermediate compounds section relates to 
the investigation of organic bodies containing carbon 
isotopes, such as ‘“‘ heavy ” carbon, C1, and radio- 
active carbon C'*. At present, these materials are 
available only in very small quantities and at high 
cost. The Laboratory is now entering this field of 
micro-synthesis in order to assist the development of 
tracer chemistry, in which heavy and radioactive 
carbons are used. Tracer chemistry is a new 
technique for investigating chemical and biological 
problems and is still in its infancy. 

In the general inorganic section of the Laboratory, 
work on semi-rare metals is being pursued. Quanti- 
ties of gallium metal and of germanium halides have 
been prepared from indigenous sources and are 
available for experimental work on possible useful 
applications. A new method of extracting gallium 
and germanium from flue dusts and coal ashes has 
been devised, involving the fusion of the raw material 
with caustic soda. The process is being tried out 
on @ semi-commercial scale, and, from about 2 cwt. 
of a flue dust so far dealt with, about 1} Ib. of gallium 
metal have been obtained. A thorough review of the 
analytical chemistry of uranium and thorium is 
being made for the Department of Atomic Energy, 
of the Ministry of Supply. These analytical investi- 
gations are essential to a survey of the sources of 
radioactive materials. Both chemical and physica] 
methods are used in this work. Chemical processes 
are adopted for the solution, separation and purifi- 
cation of uranium and thorium, while physical 
methods are employed for making determinations 
of radioactivity. The work of the inorganic- 
chemistry section includes other important subjects 
which are essential complements of the investiga- 
tions in progress, namely, the study and develop- 
ment of physical methods of analysis, the perfection 
of micro-analytical methods, and the application of 
new techniques in analysis and separation. A 
micro-analytical laboratory, mainly for organic 
analysis, has been set up and routine determinations 
of carbon, hydrogen, nitrogen, the halogens, and 
sulphur are being carried out. 

Some months ago the Laboratory was asked by 
the Board of Trade to investigate the possibility of 
minimising, or preventing, the caking during 
storage, of compound fertilisers containing super- 
phosphate, ammonium sulphate, and potassium 
chloride. Many substances were tried but it was 
found that sawdust and peat were best and that, 
when added in amounts of the order of 3 per cent., 
they considerably reduced the tendency to cake. 
The use of sawdust has now been tried out on a 
large scale by Messrs. Fisons Limited, of Ipswich, 
and they have reported that its addition has greatly 
diminished caking and has brought about a notable 
improvement. 

Other services provided at the Laboratory 
include a drawing office, two well-equipped work- 
shops, and a glass-working room. The skilled staff 
of these are engaged in the design, production and 
maintenance of the apparatus required in the 
various sectional laboratories. A service room is 
set apart for the supply of compressed air, vacuum, 
and low-voltage current, while in the courtyard are 
gasholders for carbon monoxide, hydrogen and 
other gases. A particularly well-stocked library is 
a useful feature of the Laboratory. 





DIESEL - ELECTRIC SHUNTING LOCOMOTIVES FOR 
MALAYA.—Twenty 350-h.p. Diesel-electric shunting 
locomotives are being constructed for the. Malayan 
State Kailways by the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2. 
These are of the 0-6-0 type, with a maximum tractive 
effort of 33,000 lb., the maximum safe speed being 
30 m.p.h. on the one-metre gauge track. The engine 
is of the six-cylinder, four-stroke vertical pattern, and 
the generator frame is bolted to its bedplate, the complete 
unit being supported at three points on resilient mount- 
ings. Power is transmitted to the road wheels through 
single-reduction gearing by two motors connected per- 
manently in parallel and force-ventilated. The main 
generator is excited from a_ belt-driven auxiliary 





ratus has been utilised for studying the synthesis of 





deposits of hydrated iron oxides, or “* tubercles,” 


methanol, acetic acid, benzaldehyde and many 


generator, which also supplies current for charging the 
starting battery. 
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THE EASTBOURNE CONVENTION 
OF THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


(Concluded from page 8.) 


On Thursday morning, June 10, a meeting was held 
at the Winter Gardens, Devonshire Park, Eastbourne, 
when a paper on “ Reorganisation for Efficiency on a 
Regional Basis’’ was read by Mr. R. C. Golding. 
Many, said the author, were wondering whether the 
Electricity Act, 1947, would be any more successful 
then previous legislation in promoting higher efficiency. 
He had no doubts on this score, for although the Act 
might have its faults it was the first piece of electrical 
legislation to include regionalisation in the physical 
sense ; and thus to provide fruitful ground for a more 
efficient service. It would, for instance, permit access 
to established results over a far wider area than hereto- 
fore, open the ground for competition and incentive, 
and allow the dissemination of past achievement to 
all who could take advantage of them. Toensure this, 
however, bureaucracy must be avoided at all costs. 
A decrease in operating costs should be sought by reduc- 
ing clerical staff and introducing specialists to deal 
with such matters as labour relations and engineering 
problems. Neither price levels nor the state of the 
profit and loss account were acceptable as a criterion 
of efficiency. In the case of the distribution system it 
could, however, be assessed by dividing the square of 
the kilowatt-hours sold by the product of the capital 
expended in pounds and the number of consumers 
multiplied by 10,000 to give the so-called “ solco” 
factor. It must also be emphasised that the major 
opportunity for improvement on the distribution side 
would come from the better use of labour. To do this 
the competitive element must be introduced and means 
must be found for correlating the work of all operators 
under varying conditions, so that the more backward 
could be instructed in the possibilities of their craft. 

For instance, in such a matter as cable laying, a 
standard should be set up which would be fair, universal 
in its application, and easy to explain and operate. To 
do this, experimental data must first be collected and 
tabulated until something like an optimum was 
obtained. A graph could then be drawn for use as a 
standard and a system of costing worked out for evaluat- 
ing the results. This system, to be generally applicable, 
must be designed to give almost immediate information 
with a minimum of labour. It raised the problems 
whether it should be operated from the headquarters 
of each area and, if so, whether it would thus be neces- 
sary to set up local control as well. In the latter 
event, the use of local machinery would emphasise the 
need for decentralising some of the costing processes. 
Other matters upon which it should be possible to 
effect economy were the simplification of mains records, 
and the introduction of block tariffs for domestic con- 
sumers. 

The need for specialisation at. managerial level em- 
phasised the necessity for training the personnel. An 
organised system of apprenticeship under supervisors 
and welfare officers was needed, and the subject might 
well rank among the most important problems to be 
tackled, peer in co-operation with the manufac- 
turers. the author’s view, all posts in the industry, 
whether secretarial, accounting, commercial or engineer- 
ing, should be filled by men who had had initial training 
as engineers. They would thus be enabled to take the 
engineer’s point of view and thus avoid many con- 
troversies which had occurred in the past. 

In opening the discussion on this paper, Mr. E. R. 
Wilkinson said that the statement that functional 
costing was practically non-existent in the British 
electricity supply industry was too sweeping. It was, 
however, far from adequate and was not codified as it 
should be. As a result of the Electricity (Supply) Act, 
1926, a system of costing had been applied to the 
selected stations and it was a condition arising out of 
the Electricity Act, 1947, that a standard basis of cost- 
ing for distribution should be introduced. 

Mr. F. J. Elliott said that the author in using capital 
expenditure, kilowatt-hours sold and number of 
consumers, as a means of assessing the comparative 


efficiency of undertakings, had ignored two important | had 


factors, the type of supply and the consumer density. 
Nearly twice the number of kilowatt-hours per 1/. of 
capital expenditure and per consumer were sold for 
power than for domestic purposes and the average 
revenue per power consumer was one-third greater. 
The increase in the cost of fuel had materially altered 
the “ build-up” of the cost of electricity at the con- 
sumer’s terminals, so that a greater proportion of the 
total cost was now governed by consumption. For that 
reason he advocated the use of block tariffs for domestic 
supply. 

Councillor W. Hebden hoped that the spirit which 
had aimed to do the best for a particular undertaking 
would not be lost under nationalisation. He also 
hoped that there would not be too much standardisa- 
tion. Otherwise both the industry and the country 


would suffer. Mr. R. H. Rawll argued that the 
training of personnel for the industry was of vital 
importance. The aim must be to produce leaders in 
whom those who were being controlled had confidence. 
The bugbear of all large organisations was that those at 
the top had no time to see what was going on down 
below. It was therefore necessary to evolve a scheme 
of training which would be inherent in the system. 

Alderman C. H. Wilkinson also advocated a school 
for the training of personnel. Nationalisation would 
be judged on the balance sheet. It was therefore 
unwise to buy expensive premises to house the staffs. 
Accountancy should not be separated from the technical 
side, as this resulted in personal touch with the con- 
sumer being lost. Mr. C. G. Richards said that great 
care should be taken before any conclusion was reached 
on promotional] tariffs on a national or even regional 
basis. The two-part tariff was more adaptable to 
hire and hire-purchase conditions than the block tariff. 

The President (Mr. J. Eccles) said that costing, to be 
of any value, must be carried out to the point where 
responsibility could be pinned on to one man. Care 
must also be taken to see that the cost of a costing 
system was not greater than the savings achieved. 
Figures were only a means to an end and must not be 
overdone at the expense of human relationships. 

In reply, Mr. R. C. Golding said that he hoped thaf, 
as the result of regionalisation, it would be possible to 
develop a system of costing for distribution, which 
would take types of supply, consumer density and other 
necessary factors into account and give the required 
information in a simple form. 

In the evening, the annual dinner of the Association 
was held at the Grand Hotel, the President (Mr. J. 
Eccles) being in the chair. Proposing the toast of 
“The Electricity Supply Service,” the Lord President 
of the Council (the Rt. Hon. Herbert Morrison, M.P.) 
said that it showed great foresight on the part of 
Parliament that the public ownership of the electricity- 
supply industry had been contemplated in the Electric 
Lighting Act of 1882. Since then the development of 
electricity supply had been tremendous, and in this 
great work the local authorities had played an important 
part. The new organisation would provide great 
opportunities for both the technical and administrative 
sides of the industry. It must be organised so that 
inventiveness and initiative would have full scope and 
were not hampered by making the machinery at the 
top out of proportion to the people who did the work. 
Electricity must be as cheap as possible and must be 
used to the best advantage in the national interest. 

In reply, Lord Citrine said that in the new under- 
taking there were three factors—men, materials and 
machines. Of these, materials were largely outside 
their control, but unless they could obtain more steel 
for constructional purposes they would not be able to 
provide an abundant supply of electricity. The 
constructional programme was well behind, through no 
fault of the nationalised industry, and unless they could 
get the equipment, there would be extensive load 
shedding and even breakdowns for years. 

The toast of ‘‘ The Guests” was proposed by Coun- 
cillor J. Selwyn-Jones. Mr. P. Good, president of the 
Institution of Electrical Engineers, and Mr. B. H. Lee- 
son, director of the British Electrical and Allied Manu- 
facturers’ Association, replied. 

On Friday morning, June 11, a meeting took place 
at the Winter Gardens, at which a ceremony symbolic 
of the transfer of responsibility for future conventions 
to the British Electricity Authority took place. During 
this meeting, a number of the past-presidents of the 
Association were on the platform, two of whom, Mr. 
W. C. P. Tapper and Mr. E. E. Hoadley, attended the 
first convention in 1896. 

In presenting a large electric torch to Lord Citrine 
as a symbol of the transfer, Mr. Eccles said that the 
Incorporated Municipal Electrical Association ceased 
to have a corporate existence on March 18,1948 This 
year’s convention had therefore been arranged with 
the co-operation of the British Electricity Authority, 
to bridge the gap until the new organisations could 
see the future more clearly. The Conference had been 
meeting annually—except in war time—for 52 years, 
and during that time the electricity-supply industry 
grown from nothing to the massive factor it had 
now become in our national life. The development of 
the industry however, had been neither automatic, 
noreasy ; and if it was to continue, the fight for technical 
excellence and courteous service must go on. The 
public must be educated to share their belief in the 
amenities of a full electrical service. Good working 
conditions must be provided and there must be no 
fear of competition. Each of the new organisations 
could, of course, make progress in isolation. It would 
be much better, however, if all could work together, 
and better still if at intervals all sections of the industry 
could meet to discuss their separate and common 
problems. 

In the course of his remarks Lord Citrine said that 
since the passing of the Electricity Act, 1947, the main 





pre-occupation had been to avoid creating unnecessary 








disturbance in the industry and to establish a systen: 
of decentralisation, the limits of which only time could 
indicate. The transfer to national ownership and 
operation had been accomplished with incredib) 
smoothness, owing to the co-operation of existing 
bodies. A friendly relationship had been develope: 
with other organisations in the industry, and effectiv: 
conciliation for dealing with wage disputes had bee: 
built up. The Authority hoped shortly to establish 
arrangements relating to the safety, health and welfar: 
of their employees and to inaugurate discussions on 
other matters of mutual interest. The method of 
consultation was a healthy antidote to bureaucrati: 
tendencies and, as the organisation developed, the effects 
of decentralisation would become more evident. Clos 
contact between the Authority and those executively 
responsible for operations must be envisaged if effective 
co-ordination was to be obtained. 

Continuing, he said that the British Electricity Autho- 
rity had decided to hold a conference under its own 
direct auspices in 1949. This conference would be 
limited to representatives of the Electricity Boards 
and the Consumers Consultative Councils, and would be 
concerned with the affairs of the nationalised organisa- 
tion. It was also proposed immediately to follow this 
conference with a national convention, which would be 
called the British Electric Power Convention. The 
primary object of this gathering, which would consist 
of delegates of the British Electricity Authority and 
other bodies connected with the electricity-supply 
industry, would be the advancement of technica] 
knowledge. Whether the convention would be con- 
tinued in futune years would be decided in the light of 
the experience gained in 1949. 





‘* ARALDITE’? SYNTHETIC-RESIN 
ADHESIVE. 

A NEW synthetic hot-setting resin adhesive for 
bonding metals, glass, porcelain, china, mica, and other 
materials, developed by Messrs. Ciba Limited, Basle, 
Switzerland, has been placed on the British market by 
Aero Research Limited, Duxford, Cambridge. The 
adhesive is called “ Araldite” and it is claimed to 

ss two main advantages. In the first place, it 
sets under the application of heat alone, without the 
addition of a hardener; secondly, no water or other 
volatile substance is evolved during the setting process 
and non-porous materials, therefore, can be successfully 
bonded by its use. The adhesive is available in the 
form of powder or rod. Its natural colour is light 
brown, but both powder and rods are available in a 
*‘ silvery ’ colour which gives a joint of metallic appear- 
ance. The material in powder form is applied by 
dusting on to the surfaces to be joined, and, where 
large areas are to be covered, a small hand sieve is 
found useful. When using the Araldite in rod form, 
the surfaces to be joined must first be heated to a 
temperature of between 100 deg. and 120 deg. C., 
before applying the rod when the adhesive melts and 
flows easily. It is stated that only a light pressure is 
needed to obtain a strong joint with the adhesive and 
that, after curing, the joint is unaffected by boiling 
water and is resistant to all common organic solvents. 
The duration of the curing depends on the temperature 
selected and should range from 10 minutes at 240 deg. C. 
(464 deg. F.), or 40 minutes at 200 deg. C. (392 deg. F.), 
to 2 hours at 180 deg. C. (356 deg. F.). Temperatures 
lower than 180 deg. C. may be employed, if necessary, 
provided longer curing times are allowed. For maxi- 
mum strength, however, a temperature of from 180 deg. 
to 190 deg. C. is recommended. It is claimed that the 
new adhesive possesses exceptional endurance under 
severe conditions and that it is often stronger than the 
materials which it bonds. 





‘HE INSTALLATION OF ELECTRIC- DISCHARGE LAMPsS.— 
In view of the developments which have taken place 
in the application of electric-discharge lighting since the 
eleventh edition of the Regulations for the Electrical 
Equipment of Buildings was published in 1939, the 
Wiring Regulations Committee of the Institution of 
Electrical Engineers have issued a revised Section 8, 
dealing with this matter. This supersedes the previous 
Section 8 and will be incorporated in the twelfth edition 
of the Regulations, which is now being prepared. The 
first part of the revised section is applicable to all types 
of electric-discharge lamps, irrespective of the voltage 
used, while the second part contains the additional 
regulations applicable to installations on which the 
open-circuit voltage exceeds 650 volts. The maximum 
open-circuit voltage permitted is 5,000 volts to earth. 
The terms “capacitor” and “inductor” are sub- 
stituted for ‘‘condenser’’ and “‘ choke” and, for the 
first time, 80-watt and 40-watt finorescent ‘tubes 
become subject to specific requirements. Copies of the 
revised Section 8 may’ be obtained from the Secretary, 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2, at a cost of 7d., post free. 
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THE FLASH TUBE AND ITS 
APPLICATIONS. 


\ PAPER on “ The Flash Tube and Its Applications” 
was read, by Dr. J. N. Aldington and Mr. A. J. Meadow- 
croft, before the Installations Section of the Institution 
of Electrical Engineers, on Thursday, April 15, 1948. 
The authors defined a flash tube as a gas-filled device 
designed to produce a brilliant flash of light, the 
encrgy being generally obtained from a capacitor 
charged to a high voltage. Experiments on the 
production of light from electric sparks had begun as 
early as 1650, but the first practical application of the 
flash tube was probably not made until about 1850 ; 
a series of photographs was then taken of moving 
objects by means of the light from a gas-filled tube 
operating from the discharge of a capacitor. The 
flashes from high-voltage sparks in air, owing to their 
extremely short duration, had also been used to 
photograph fast-moving objects, such as projectiles, 
but the low intensity of the light from such sources 
was a disadvantage. Serious work on the modern,type 
of flash tube began about 1930. Development was 
rapid during the war years when there was a demand 
for high-energy tubes for airborne equipment and for 
night photography. There was also a demand for 
tubes having a flash duration of the same order as 
the electric spark in air, but of much higher light 
intensities, 

In its simplest form, the modern flash tube was made 
from a length of glass or quartz tubing, with a principal 
electrode sealed into each end. It contained a filling 
of xenon and/or krypton gas ; though for some applica- 
tions, other gases were used, either alone or as mixtures. 
The design of the tube was governed by the dimensional 
requirements of the light source, as well as by the de- 
sired electrical and light characteristics. The distance 
between the electrodes was usually many times the 
diameter of the tube, and the latter could be made 
either in a straight length, or in a tight helix to give 
a more concentrated source of light. A typical tube 
would have a bore of about 5 millimetres, and be 
of a helix wound from a 27 centimetre length. It 
would contain gas at a pressure ensuring the required 
breakdown voltage. With both xenon and krypton, 
the photographic and visual efficiency was high, and 
the colour of the discharge approximated very closely 
to white light—sufficiently close for colour photography. 
Moreover, the thermal conductivity of these gases 
was low, and helped to keep down the temperature 
of the inner surface of the tube. 

Tungsten, either in its pure state or in a form con- 
taining thoria, had proved a suitable material for the 
electrodes ; these could be made surprisingly small in 
view of the large currents which flowed between them. 
During a flash discharge, the current would rise to a 
density of over 1,000 amperes per square centimetre in 
less than 20 micro-seconds, and this subjected the 
glass tube to a severe thermal shock. A borosilicate 
— _ had been found satisfactory for most 
tubes. This particular glass had a melting point above 
600 deg. C., and its low coefficient of linear expansion 
(4 x 10-*) enabled it to withstand large thermal shocks 
without damage. It also possessed high electrical 
strength. With any glass tube, however, there was an 
upper limit of loading above which its inner surface 
became damaged by “crazing.” This phenomenon 
was caused by the rapid heating and expansion of the 
inner surface ; it first appeared as a series of minute 
cracks which penetrated and weakened the tube wall, 
and it tended to cause erratic operation due to the 
emission of occluded gases. Crazing limited the 
amount of energy which could be dissipated safely in a 
single flash, and though it could occur without break- 
down of the tube, the latter would shatter —7 
if the loading became too high. If therefore, very hig 
loadings were required (especially for repetitive work), 
then the tube was made of quartz, since both the 
mechanical and electrical properties of this material 
were superior to those of glass. The low coefficient of 
expansion (0-54 x 10~*) of quartz allowed it to with- 
stand the thermal shocks without crazing, though in 
cases of severe overloading, a white deposit was formed 
inside the walls of the tube, owing to the evaporation 
of the quartz and its re-condensation when the tube 
cooled after the flash. In this country most tubes 
operated from capacitors charged to 2,000 volts, and 
most ceased to conduct when the voltage had fallen to 
about 150 volts; the proportion of energy which 
remained in the capacitor to that discharged through 
the tube was therefore small. 

The characteristics of a high current density discharge 
through a gas differed from those obtaining under low 
current density conditions of continuous operation. 
Under the latter conditions, the voltage drop across 
the are was substantially independent of the current. 
On the other hand, it had been found that, at current 
densities of about 1,000 amperes per square centi- 
metre, the crest value of the discharge current was 
approximately proportional to the capacitor voltage 


cated that the gas then behaved in a manner similar 
to an ohmic resistor. Other tests had confirmed that, 
for a given capacity or voltage, in this case 2,000 
volts, the discharge time, as well as the crest value of 
the current, fell (though not linearly) with the capaci- 
tance. Data of this kind had suggested various 
methods for producing flashes of very short duration. 
The effective resistance of the tube behaved in much 
the same way as that of an ohmic resistor, increasing 
with the tube length and decreasing with increasing 
cross-sectional area. Optimum design features were 
a matter of compromise; for example, a reduction 
of the tube impedance shortened the duration of the 
discharge, but at the same time caused a greater 
proportion of the capacitor energy to be wasted in the 
resistance of the externa] circuit. An increase in the 
impedance, however, lengthened the duration of the 
discharge but reduced the peak value ofthe light 
intensity. 

The radiant energy emitted during the flow of 
electric current through a gas covered a wide range in 
both the visible and invisible regions of the spectrum, 
especially in the case of rare gases. With high current 
densities, the characteristic spectrum of a gas became 
complex; there was, for example, a large increase in 
the number of spectral lines, and at very high loadings, 
the continuum of the radiation, which was almost 
negligible at low densities, became predominant. 
Some evidence even suggested that a number of gases 
could be excited to such a degree that the spectral 
energy distribution in their radiation would be approxi- 
mately the same for cach gas. There was a close 
resemblance between the spectrum of sunlight and that 
of high-current flash discharges (of about 1,000 amperes 
per sq. cm.) through xenon. In the ultra-violet and 
blue regions, the flash discharge was even richer in 
radiation than the sunlight spectrum, so that, for a 
given illumination, the flash discharge was more active 
photographically than actual sunlight. The luminous 
efficiency of the flash increased with current density, 
and, under normal operating conditions, very high 
values of luminous intensity could be obtained. The 
luminous energy from a flash had been measured by 
causing the light to fall upon an emission photo-cell, 
which thereby produced a current to charge a capacitor 
in the grid circuit of a valve, the resulting change in 
the valve anode current being a measure of the luminous 
energy falling on the photo-cell. The luminous energy 
of a flash tube had also been measured by comparing 
its spectrum with that from a similar tube of known 
intensity designed to operate continuously. 

There was no single factor governing the optimum 
loading. From the colour and efficiency standpoints, 
the tube should be worked at the highest possible 
current densities, but, in practice, the operating condi- 
tions were determined by compromise between oppos- 
ing factors, such as the maximum number of flashes 
during life, and the total luminous output per flash. 
Crazing limited the total energy which could be dissi- 
pated in a single flash, but the maximum power 
or wattage loading, given by the energy per flash 
multiplied by the number of flashes per second, became 
important when the tube was used for repetitive work. 
Excessive wattage loading caused overheating of the 
tube and of the electrodes, and in extreme cases resulted 
in the melting of the tube or cracking of the electrode 
seals. Forced ventilation or even water cooling was 
sometimes used when continuous operation was re- 
quired. The life of a tube naturally depended upon 
the conditions under which it was used. When em- 
ployed for ordinary still photography, there was 
usually a sufficiently long interval between successive 
flashes to prevent overheating. Under these conditions 
a life of a 100,000 flashes could be obtained. The most 
usual cause of failure was the development of un- 
reliability towards the end of life. This was due to 
the gradual accumulation of metallic deposits on the 
inside of the tube, caused by electrode sputter. 

Two principal types of operating circuits had been 
devised. In one, the tube was switched directly to a 
charged capacitor, and in the other, the tube was 
permanently connected across the capacitor. The 
principal advantage of the first method was its sim- 
plicity, and on this account it was generally used for 
portable units where simplicity and light weight were 
important. In the second method, the normal break- 
down voltage of the tube was usually two to three 
times the capacitor voltage at full charge, and when the 
capacitor was charged, the tube was ready for operation. 
The discharge was initiated at the desired instant by the 
application of a 10- to 15-kV pulse to the outside wall 
of the tube, or, in some cases, to a third electrode 
sealed through the tube wall. The ionisation produced 
by such a pulse triggered the main discharge within an 
extremely short interval after its application. Other 
methods of control included the ionisation of the gas 
filling by means of the discharge from a small capacitor 
connected across one of the main electrodes and a third 
electrode. With triggered circuits, provision was made 
for charging the capacitor from a direct-current source, 





over a wide range of capacitance—a fact which indi- 


sured that the capacitor would not regain its charge 
before the tube became de-ionised. In general, the 
triggering pulse was produced from a high-ratio step-up 
transformer. The most satisfactory method of con- 
trolling the pulse transformer was by means of an elec- 
tronically operated circuit in which the primary pulse 
current was obtained from a small capacitor, in turn 
controlled by a gas-filled relay such as a thyratron. 
This arrangement was particularly suitable for synchro- 
nising the flash with the operation to be observed. In 
the photography of projectiles, for example, the flight 
of the projectile past a suitable trip wire could be used 
to actuate the triggering circuit. For the examination 
of moving machinery, the thyratron trigger circuit 
could be controlled by some form of variable-frequency 
generator; such methods enabled rapidly . moving 
parts to appear stationary or to move slowly. The 
rate of charge of the capacitor for repetitive work 
must be such as to allow the tube to regain a sufficiently 
stable condition and thus prevent self-ignition before 
each triggering pulse. Owing to the persistence of 
ionisation which occurred in repetitive work, the trig- 
gering voltage for such duties was made somewhat less 
than the 15 kV mentioned above. 

Flash tubes had been used for various purposes, 
their most important application during the war being 
for the night photography of enemy territory. They had 
also been used for the study of explosive phenomena, 
and, as already mentioned, for photographing pro- 
jectiles in flight. Some progress had also been made 
in their use for observing air-flow phenomena by 
Schlieren methods, and linear tubes had been employed 
for photographing ion-tracks in Wilson cloud chambers. 
The tubes were particularly suitable for stroboscopic 
work and for general photographic purposes. 





REPAIRS TO M.S. “ WANGANELLA.”’ 


THE passenger and cargo motorship Wanganella, 
owned by Messrs. Huddart, Parker, Limited, of Mel- 
bourne, Victoria, and employed by them on their 
services between Australia and New Zealand, was laid 
down in 1929 by Messrs. Harland and Wolff, Limited, e 
at their Belfast shipyard, as the Achimota for Messrs. 
Elder, Dempster and Company. During the reorganisa- 
tion of the Royal Mail Steam Packet Company’s various 
interests, however, and while still under construction, 
she was acquired by Messrs. Huddart, Parker, Limited, 
and renamed. She is a vessel of some 9,560 tons ‘ 
propelled by two sets of Harland-B. and W. eight- 
cylinder single-acting four-stroke engines, supercharged 
on the Biichi system, which give a total of some 8,500 
brake horse-power, corresponding to a sea speed of 
16 to 17 knots. She went into service in 1932. 

Early in 1947, the Wanganella stranded on a reef 
at the entrance to Wellington harbour, sustaining severe 
bottom damage at the forward end. She was dry- 
docked at Wellington by Messrs. William Cable and 
Company, when it was found necessary to renew the 
bottom for a length of about 200 ft. Messrs. Harland 
and Wolff, Limited, as builders of the ship, were 
invited to supply the steelwork needed to make good 
the damage. This involved the supply of shell plating, 
double-bottom tanks, lower-deck beams, girders and 
plating up to the 16-ft. water-line, to the amount of 
about 400 tons, the whole of which was fabricated in 
Belfast and shipped to New Zealand, to be worked into 
the ship under the supervision of an assistant manager 
and two foremen sent out from Belfast. The work of 
fabricating the new bottom was carried out in the 
shipyard exactly as for the construction of a new ship, 
from a scrieve board laid down in the mould loft from 
the offsets which the builders already possessed. The 
keel was laid on a building berth, and the centre girder 
and double bottom assembled. After the tank top 
had been plated, the main framing was erected, together 
with the shell plating and the lower-deck beams, 
girders and plating. ‘The fore-peak bulkhead was 
prefabricated, and erected with all riveting completed. 
The whole structure was faired in the usual manner, 
but the connections for attaching the new portion to 
the existing hull were left to be drilled in place. As 
much riveting as possible was done on the building 
berth. The new bottom was then marked for shipment 
and re-erection, dismantled, and taken by a coaster to 
Liverpool, where it was transhipped to a vessel bound 
for New Zealand. While it was in transit, the 
Wanganella was docked and the damaged plating, etc., 
was cut out, the fore end of the vessel being supported 
from the upper structure to keep the hull in proper 
alignment while the new material was worked in. 





UNITED KINGDOM PRODUCTION OF STEEL.—In spite 
of the Whitsun holidays, the production of steel ingots 
and castings in the United Kingdom in May, 1948, was 
at the annual rate of 15,220,000 tons, compared with 
15,283,000 tons in April and 12,684,000 tons in May, 





and a suitable resistor, or a reactor arrangement, en- 


1947. 
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REMOVAL OF ALTERNATOR SHAFT. 


AN interesting example of engineering ingenuity is 
aha by an operation recently carried out at the 

tafford works of the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2. 
A contract for the supply of two 21,000-h.p. horizontal- 
impulse water-turbine sets for the Tarraleam station of 
the Tasmanian Hydro-Electric Commission included 
a stipulation that the alternators were to be erected 
and tested before dispatch. It was therefore neces- 
sary, after the rotor body had been shrunk on to the 
shaft for the test, subsequently to remove it so that 
the two parts could be shipped separately. Fig. 1 is a 
diagram of one of the rotors, from which it will be 
seen that the laminated rotor body is in two parts and 
that there are two stepped fits on the shaft. The dia- 
meter of each rotor is 103 in. and that of the shaft, 
which is bored with a 4-in. diameter hole, is 1 ft. 11} in. 
The weight of each rotor is 38 tons and of the shaft 
10 tons. To shrink the rotor on to the shaft during the 





original assembly, it was heated by eleven 12-kW. 
electric heating elements, which were placed in dovetail | 
slots round its circumference. After 30 hours, the | 
external and internal temperatures of the rotor were | 
257 deg. C. and 200 deg. C., respectively, and the bore | 
had expanded sufficiently to allow the unheated shaft | 
to be lowered into position. | 

The removal of the shaft for shipment was compli- | 
cated by the fact that the rotor had been shrunk on | 
with an interference fit of 0-018 in. As the transfer 
of heat from one part to another would have been 
assisted by this intimate contact, any attempt to expand 
the bore without expanding the shaft would probably | 
have been unsuccessful, especially as metallic surfaces, | 
which have been in close contact for some time, exhibit 
considerable mutual adhesion. It was conceivable, 
nowever, that if sufficient heat were applied rapidly 
to the periphery of the rotor the bore would expand, | 
while the simultaneous extraction of heat from the 
centre of the shaft would cause it to contract. In that 
event it would be possible to separate the rotor and the 
shaft, although the temperatures of the parts in contact 
were the same. To test the correctness of this idea, 
a dummy shaft, long enough to protrude | ft. from each 
side of a rotor bedy, was made and machined to give 
a 0-018-in. interference fit. One of the actual rotors 
was also bored to a diameter slightly less than the 
finished size, so that any damage to its bore which 
might occur during the test could be repaired without 
affecting the dimensions of the finished machine. 

The arrangement used for cooling the shaft is shown 
diagrammatically in Fig. 2. Calcium-chloride brine, 
with a density of 1-2, was circulated by a motor- 
driven pump a, with a capacity of 60 gallons per 
minute, from the tank b through the delivery pipe ¢ to 
the shaft d and back through the pipe e. Flexible 
pipes were used, so that the shaft could be withdrawn 
without breaking the connections. The brine in the 
tank was cooled by Drikold (solid carbon dioxide), the 
temperature of which is —110. deg. F. (—79 deg. C.). 
The freezing point of the brine used was — 12-5 deg. F. 
(—25 deg. C.). The tank containing the brine was 
5 ft. long by 4 ft. wide by 5 ft. high. Its sides were 
thermally insulated by a 6-in. surround of granulated 
cork, which was held in position by a wooden box. 
The box itself was covered with an asbestos blanket. 

The experiment with the dummy shaft was begun 
at 9 a.m., when heat from electrical elements was 
applied to the periphery of the rotor. Four thermo- 
couples were placed at the points on the rotor indicated 
by the inset diagram in Fig. 3, and the curves show the 
temperatures at these points during the 12} hours the 
operation continued. As will be seen, these tempera- 
tures gradually increased, reaching their maximum 
values at about 8 p.m., and then decreased as explained 
below. The brine-circulating pump was also started at 
9 a.m., but Drikold was not added until4 p.m. During 
this period of seven hours the temperature of the brine 
increased and the increase was not checked until 
5.30 p.m., by which time 375 lb. of Drikold had been 
added in four unequal instalments, at the times 
indicated by the arrows in the right-hand lower 
corner of Fig. 3. The temperature of the brine was 
then 35 deg. C. and remained constant until 6 p.m. 
It was then decided to reduce the quantity of the brine 
in the tank, in order to accelerate the action of the 
Drikold, the result being that by 6.30 p.m. its density 
had increased from 1-16 to 1-21. At 7.30 p.m. a 
further 175 lb. of Drikold was added, the brine tem- 
perature being then 20 deg. C., while at 8 p.m., when the 
temperature of the brine had fallen to 3 deg. C., an 
attempt was made to lift the shaft. The heating cur- 
rent was therefore switched off, so that while the crane 
hook was being fixed a slight drop in temperature 
occurred at points 2 and 4 on the rotor body, as shown 
in Fig. 3. The attempt, however, was unsuccessful. 
The current was accordingly switched on again and 
the cooling was intensified by running the pump and 
adding another 925 lb. of Drikold between 8 and 9 p.m. 
As a result, the temperature of the brine fell to — 20 deg. 
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RAILWAY BALLAST-CLEANING MACHINE. 


MESSRS. MATERIEL INDUSTRIEL S.A., LAUSANNE, SWITZERLAND 








Fia@. 1. 


0. at 8.30 p.m., and to — 21-5 deg. C. at 9 p.m. The 
current was then switched off again and a second 
attempt was made to lift the dummy shaft. This was 
also unsuccessful, partly because, as will be clear from 
Fig. 3, the temperature at the contact surface between 
the rotor and the shaft was falling. The current was 
therefore switched on again and the tension on the 
dummy shaft was maintained by the crane. As a result 
of this tension, the shaft was lifted 1 in. just after 
9.30 p.m.. and was subsequently removed without a 
scratch. It will also be seen from Fig. 3, that the 
maximum temperature reached by the outside of the 
rotor was 206 deg. C. (at thermocouple No. 4) and that 
the reading of thermocouple No. 1 on the outside of the 
shaft was 22 deg. C. when the shaft was withdrawn. 

The data obtained from this experiment with the 
dummy shaft were utilised to remove the actual shafts 
from the rotors. To ensure the same cooling condi- 
tions as during the experiment, expanding glands were 
made to confine the brine to that portion of each shaft 
which was covered by the rotor. The construction 
of these glands, which were placed inside the shaft 
and then expanded with a special spanner, is shown 
in Fig. 4. The withdrawal of one of the actual shafts 
is illustrated in Fig. 5. The same illustration shows 
the heating elements in position round the rotor, and 
the cooling tank in the background. 





UNIVERSITY OF LONDON.—Regulations goverairg the 
B.Sc.(Eng.) degree in Chemical Engineering have just 
been issued by the University of London. Copies of 
these and any further information may be obtained 
from the External Registrar, Mr. J. S T. Anderson, 
C.B.E., M.A., Senate House, London, W.C.1. 











VIBRATING SCREEN AND HOPPER. 


BALLAST-CLEANING MACHINE. 


Berore the railways were nationalised at the 
beginning of the year, the London and North Eastern 
Railway negotiated for the loan of a Matisa automatic 
ballast-cleaning machine, which has been tried out 
recently on the London Midland Region by the Railway 
Executive. Although this type of machine has 
been used on the Continent'for many years, it is new 
to this country and it is thought that a description of 
it will be of interest. It is made by Messrs. Matériel 
Industriel S.A., Grand-pont 2, Lausanne, Switzerland, 
for whom the agents in this country and the British 
Commonwealth are the Matisa Equipment Company, 
58, Victoria-street, Westminster, London, S.W.1. 
Fig. 2, on page 36, shows the machine in use between 
Willesden and Wembley during the recent tests. 

The Matisa automatic ballast-cleaning machine is 
designed to break up and remove fouled ballast from 
under the track, screen it to separate the forei 
matter from the ballast chippings, redistribute the 
ballast under the track, and deposit the waste matter 
either alongside the track or in wagons on an adjaceat 
line. If ballast is not cleaned from time to time, it 
loses its resilience and elasticity, and ceases to act as 
an effective drainage medium. The cleaning is an 
expensive process if carried out by hand, but with the 
aid of the Matisa machine the operation can be carried 
out at a rate of up to 500 ft. per hour. 

The main body of the machine is rigidly supported 
on two four-wheeled bogies, and it houses a Diesel- 
generator set of 120 h.p. This supplies current to nine 
motors, in various parts of the machine, each drivi 
a particular component. The fouled ballast is broken 
up and removed by an endless scraper, or excavating 
chain, consisting of a series of links, each with a cutting 





tool which cuts and carries the ballast. This chain is 
shown in Fig. 3, on page 36, and also in Fig. 4, on the 
same page, entering the ballast. It is guided by an 
inclined triangular frame, the “ base” of which is laid 
under the track. The base member of the frame is 
grooved for the chain to travel in it, and is itself sup- 
ported by a separate four-wheeled bogie shown in 
Fig. 3. The machine will remove ballast or subsoil to 
any depth from about 3 in. up to 2 ft. or 3 ft. The 
depth of cut is adjusted by means of two screws, one on 
each side of the track and clearing the ends of the 
sleepers, which connect the frame to a cross beam on the 
bogie. The excavating chain is driven by a sprocket at 
the apex of the triangular frame, as shown in Fig. 5, on 
page 36, the sprocket being driven by an electric 
motor. The chain passes round rollers at the lower 
corners near the adjusting screws, and on the ascending 
side it travels along a trough. 

The excavated ballast is propelled up the trough by 
the chain, and, near the top, the trough is cut away 
to allow the ballast to fall on to a conveyor belt, as 
shown in Fig. 5. The belt is of reinforced rubber, about 
2 ft. wide, and it conveys the ballast to the rear end of 
the machine, where it spills on to a motor-driven vibrat- 
ing screen, as shown in Fig. 1, on this page. The service- 
able ballast chippings fall from the inclined screen into a 
hopper, and thence on to a conveyor belt, which is 
swung to any desired position to return the ballast to 
the track bed. The waste matter passing through the 
screen is carried by another conveyor belt and de- 
posited either into wagons on an adjacent track, or 
alongside the track. The conveyor may be swung and 
elevated as required, for this purpose. The mesh of 
the screen is chosen to suit the conditions, and if at 
any time the ballast is too dirty to be reclaimed, the 
screen may be removed altogether, in which case the 
material is deposited into wagons or at the side of the 
track. The whole machine is propelled forward by a 
motor-driven winch on the leading bogie (Fig. 3), the 
winch rope being anchored to the track some distance 
ahead. The rate of travel can be varied to suit the 
excavating conditions. 

The working of the machine is controlled by a man 
seated on the leading bogie, who operates switches to 
contol the various movements. The depth, or thick- 
ness, of the excavating chain and the frame under the 
track is 9 in., which is the average depth of the ballast 
layer usually required to be cleaned. In special circum- 
stances, when it is required to excavate the subsoil to 
greater depth, taking the upper surface of the chain 
and guide-frame members below the level of the 
ballast, extension spikes, about ten in number, equally 
spaced around the chain; they eliminate under- 
cutting by the main tools and cause the upper ballast 
and subsoil to be cut away as the machine advances. 
This material] then falls to the level of the main tools 
and is within their scope for circulation through the 
elevating trough, conveyor, etc. Ballast that is to 
be excavated has usually become packed hard and 
solid; this, and whether it is dry or wet, obviously 
affects the rate of cutting. In practice, the operator 
is able to judge the most suitable rate of winching by 
watching the excavating chain at work. 

As the machine moves forward extracting the ballast, 
wooden packing blocks are inserted under every fourth 
sleeper to maintain the level of the track, and these 
are then removed progressively at the rear of the 
machine as the cleaned ballast is returned to the track. 
New ballast is added to make up for the unserviceable 
residue removed, and then the whole is packed either 
by hand methods or by the Matisa automatic tamping 
machine. The track just ahead of the machine is 
raised slightly by jacks to minimise pressure on the 
ballast as it is broken up and extracted. As already 
stated, the base of the triangular frame can be adjusted 
for depth below the track ; it can also be inclined up 
to 10 deg., to provide a cross fall in either direction for 
drainage. Nine men are allotted definite tasks in the 
operation of the machine. A few other men may be 
required, depending on the conditions, in addition to 
the labour required for consolidating the track behind 
the machine. 

The time taken to assemble and attach the excavating 
chain and frame members to the machine, and com- 
mence operations after the machine is brought up to 
the working site, is about 20 or 30 minutes, and a little 
less time is needed to disconnect this equipment and 
permit the machine to leave the site. When the 
machine must be removea temporarily to allow essen- 
tial traffic to pass, the excavating chain is broken 
at two places, on each side of the driving sprocket, 
by removing two pins; the clamp (Fig. 5) near the 
sprocket which holds the two upper ends of the tri- 
angular frame is unscrewed, and the two side members 
of the frame are laid alongside the track by means 
of lifting tackle on the forward bogie. The forward 
bogie is disconnected from the frame and coupled to the 
main chassis, and the machine can then be driven away 
into a siding, under its own power, at a maximum speed 
of 20 miles per hour. For lines where there is no 
convenient siding, the main body of the machine can 
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be moved sideways, under its own power, on to a parking 
trestle. Small wheels, one at each corner of the 
machine, and a traasverse rail which forms part of each 
carrying bogie, are provided for this pu , and are 
shown in the lower righthand corner of Tig. 1. After 
the machine has been removed from the track, by either 
method, the triangular frame and the excavating chain 
can be safely left underneath and at the sides of the 
track. It is necessary to provide additional support for 
the track while traffic is passing, and this can be done 
either by placing more blocks under the sleepers or 
by filling in with ballast. The former is the quicker 
method, but the choice depends on the nature of the 
traffic, and the opinion of the engineer in charge. 
However the machine is used, it is never necessary 
to remove any fishplates from the track. The carrying 
bogies are insulated so that track circuiting is not 
affected. 

The machine weighs approximately 14 tons. The 
maximum width of excavating is 12 ft., and the frame 
requires about 18 in. beyond each end of the sleeper 
to move along. The conveyor for discharging the 
screened refuse can be raised to a height of 10 ft. 
at a distance of 20 ft. from its pivot, and it can be 
slewed about 15 ft. to the left-hand side (Fig. 2), or 
18 ft. to the right-hand side, measured from the 
centre-line of the track. 





LAUNCHES AND TRIAL TRIPS. 

S.S. ‘* AGGERSBORG.’’—Single-screw cargo vessel, 
built by Messrs. William Gray and Company, Limited, 
West Hartlepool, for the ‘“ Dannebrog” Steamship 
Company (Messrs. C. K. Hansen), Copenhagen. Main 
dimensions: 336 ft. by 47 ft. by 27 ft. 104 in. to shelter 
deck ; deadweight capacity, 3,420 tons on a draught of 
19 ft. summer freeboard. Triple-expansion engines of 
reheat design, with two oil-fired boilers, constructed by 
Messrs. George Clark (1938), Limited, Sunderland, to give 
a service speed of over 12 knots. Trial trip, June 25. 

M.S. “ FoucauLp.”—Twin-screw passenger and cargo 
vessel, built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, to the order of 
the French Government, for the Chargeurs Réunis, 
Cie. Francaise de Navigation & Vapeur, Paris. Main 
dimensions: 448 ft. by 61 ft. 9 in. by 34 ft. 6 in. to upper 
deck; deadweight capacity, 5,750 metric tons on a 
draught of 22 ft.4in. Wallsend-Doxford opposed-piston 
two-stroke Diesel engines, constructed by Messrs. Walls- 
end Slipway apd Engineering Company, Limited. 
Wallsend-on-Tyne. Trial speed, over 17} knots. Trial 
trip, June 26. 

8.S. “‘CALEDONIAN MONARCH.”—Single-screw cargo 
vessel, built by The Caledon Shipbuilding and Engineering 
Company, Limited, Dundee, to the order of the Monarch 
Steamship Company, Limited (Managers, Messrs. 
Raeburn and Verel, Limited), Glasgow. Main dimen- 
sions: 447 ft. by 56 ft. 6 in. by 36 ft. 6 in. to shelter deck ; 
deadweight capacity, 10,000 tons on a draught of 26 ft. 
Triple-expansion engines, of 2,500 i.b.p., supplied by 
Messrs. John G. Kincaid and Company, Limited, Green- 
ock, giving a service speed of 11 knots. Trial trip, 
June 29. 


M.S. “ Dara.”—Single-screw passenger and cargo 
vessel, built by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, W.4, for the Eastern services of the 
British India Steam Navigation Company, Limited, 
London, E.C.3. Main dimensions: 399 ft. by 54 ft. 9 in. 
by 27 ft.; gross tonnage, 5,000. Barclay Curle-Doxford 
five-cylinder opposed-piston Diesel-type engine giving a 
speed of 14 knots. Trial trip, June 30. 

M.S. ‘“‘ CARPENTARIA.”—Single-screw cargo liner, 
carrying 12 passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, to the order of the British India Steam Naviga- 
tion Company, Limited, London, E.C.3. Main dimen- 
sions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to shelter 
deck ; gross tonnage, 9,000. Six-cylinder opposed-piston 
Barclay Curle-Doxford engines developing 6,800 b.h.p., 
with a speed in service of 15 knots. Launch, July 5. 





MECHANICAL HANDLING EXHIBITION AND CONVEN- 
TION.—As stated on page 392 of the previous volume of 
ENGINEERING, the first national Mechanical Handling 
Exhibition and Convention is to be held in the National 
Hall, Olympia, London, W.14, from Monday, July 12, 
until Wednesday, July 21. It will be open each day 
(except Sundays) from 10 a.m. to 8 p.m. Over one hun- 
dred manufacturers of mechanical-handling equipment 
of all types are showing their products at the Exhibition. 
Morning and afternoon sessions of the Convention will be 
held each day from Tuesday, July 13, until Friday, 
July 16, and from Monday, July 19, until Wednesday, 
July 21. At these sessions 17 papers will be read by 
engineers who have specialised in mechanical handling 
and by executive officers of large-scale users of equipment 
of this type. The Exhibition and Convention have been 
organised by our contemporary, Mechanical Handling, 
Dorset House, Stamford-street, London, S.E.1. 





THE INSTITUTION OF CIVIL 
ENGINEERS. 


A CONFERENCE on “ Civil Engineering Problems in 
the Colonies” will be held at the Institution of Civil 
Engineers, Great George-street, London, S.W.1, from 
Monday, July 19, to Friday, July 23, inclusive. The 
conference will be open to all members of the Insti- 
tution and to engineers in the Colonial Service or 
engaged in civil engiaeering work in the Colonies. 
Application forms are obtainable from the secretary of 
the Institution. 

A registration and information office will be open 
at the Institution on Monday afternoon, July 19, and 
there will be an informal gathering, with tea, at 4 p.m. 
The official opening of the conference, by Mr. A. Creech 
Jones, Secretary of State for the Colonies, will take 
place on Tuesday, July 20, at 10.15 a.m., when two 
papers will be presented for discussion, namely, “‘ De- 
velopment Planning in the Colonies, with Special 
Reference to Physical Development,” by Sir William 
McLean, and “ Civil Engineering Problems of the East 
African Groundnuts Scheme,” by Mr. Desmond Harri- 
son. Alternative visits will be paid in the afternoon 
to the National Physical Laboratory, Teddington, 
Middlesex ; the Road Research Laboratory, Harmonds- 
worth, West Drayton, Middlesex; or to view the 
construction work at Kingston Power Station. 

Four papers will be presented on Wednesday, 
July 21, at 10 a.m., namely, “‘ Planning Road Improve- 
ment Works, Jamaica,” by Mr. P. Martin Cooper ; 
“The Railway Gauge Problem of Tropical Africa,” by 
Mr. R. W. Foxlee ; “ Post-War Railway Rehabilitation 
in Malaya,” by Mr. J. O. Sanders; and “ Problems 
of Labour and Materials in West Africa,” by Sir 
Hubert Walker. In the afternoon, there will be alter- 
native visits to the Thames-side works of the Port of 
London Authority ; or to view the construction work 
at the Colne Valley Sewerage Board’s works, Maple 
Cross 


On Thursday, July 22, at 10 a.m., the following 
papers will be presented : “ Soil Stabilisation as Applied 
to Traditional Building Methods in the Tropics,” by Mr. 
A.E.S8. Alcock; “ Malayan Roads and Some Soils which 
Support Them,” by Messrs. J. J. Bryan and Yusoff 
bin Hadji Ibrahim ; and “ An Experiment in Colonial 
Housing,” by Mr. A. J. Mitchell. Alternative visits 
will be paid in the afternoon to the Metropolitan Water 
Board’s works; the Building Research Station, Gar- 
ston; or to the British Broadcasting Corporation’s 
Station, Brookman’s Park. 

On Friday, July 23, at 10 a.m., four papers will be 
presented, namely, “ Notes on Anti-Mosquito Me- 
thods,” by Mr. W. R. Allin; “Fiji Public Water 
Supplies,” by Mr. J. L. Brown; “Some Engincering 
Problems in British Guiana, British Honduras, and the 
British West Indies,” by Mr. G. Howard Humphreys ; 
and “ Anti-Malarial Swamp Drainage in Lagos, Ni- 
geria,” by Mr. Alexander McDonald. At 3 p.m., a 
lecture entitled “‘ Tropical Hygiene as it Affects the 
Colonial Engineer” will be delivered by Professor 
George Macdonald. The conference will conclude with 
an Official reception at the Institution at 8 p.m. 





BOOKS RECEIVED. 
The British Electrical and Allied Industries Research 


Association. Technical Reports. No. 0/T1. Fatigue 
of Cadmium Copper Trolley Wires. Third Report: 
Groved Wires. [Price 17s. net.] No. K/T124. Charac- 


teristics of the Domestic Load: After-Diversity Demand 
for Space-Heating. Interim Report. By C. T. MELLING 
and P. SCHILLER. [Price 6s. net.] No. L/T171. 
Rheological Properties of Dielectrics. By W. LETHER- 
sicH. [Price 9s. 6d. net.) Offices of the Association, 
15, Savoy-street, Strand, London, W.C.2. 

Index to A.S.T.M. Standards, as of December, 1947. 
The Secretary, The American Society for Testing 
Materials, 1916, Race-street, Philadelphia 3, Pa., 
U.S.A. [Free.] 

Symposium on Searchlights. Five Papers Presented at a 
Meeting of The LIluminating Engineering Society, 
Held in London on April 15, 1947, the Discussion on 
Those Papers and a Further Written Contribution. 
The Illuminating Engineering Society, 32, Victoria- 
street, London, S.W.1. [Price 17s. 6d. net.) 

Department of Scientific and Industrial Research. Report 
of the Food Investigation Board for the Years 1940 to 
1946. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 9d. net.] 

Newnes Electrical Pocket Book. Ninth edition. Edited 
by E. MoLitoy. George Newnes Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
(Price 7s. 6d. net.] 

Fluorescent Lighting. Dealing with the Principles and 
Practice of Fluorescent Lighting for Electrical Engineers, 
IUuminating Engineers and Architects. By A. D. 8. 
ATKINSON. Third edition. George Newnes Limited, 
Tower House, Southampton-strect, Strand, London, 
W.C.2. [Price 12s. 6d. net.) 





PERSONAL. 


Sm JonN Darron, A.M.I.E.E., F.C.1.S., late general 
manager and director of the County of London Electric 
Supply Company and Regional Fuel and Power Controller, 
London and South-East England Regions, during the war, 
has been appointed a director of the Cable Makv«rs 
Association. 


The British Transport Commission have invited 
Srrk Wiiii1am A. STANTER, F.R.S., SIR CHARLES F, 
GoopEVE, F.R.S., Dr. H. L. Guy, F.R.S., Sm Tomas 
MERTON, F.R.S., and Mr. R. A. RIDDLES to “ examine 
and report on the arrangements for conducting research in 
the railway and other undertakings vested in the British 
Transport Commission, and to make suggestions for the 
organisation of such work in future.’’ 

Dr. J. H. Paterson, F.R.1I.C., has been elected 
President of the Institute of Welding, 2, Buckinghim 
Palace-gardens, Buckingham Palace-road, London, 8.W .1, 
in succession to Mr. J. L. ADAM, C.B.E., M.I.N.A. 

Mr. A. G. Ramsey, O.B.E., B.Sc.(Eng.) (Lond.), 
M.1.C.E., M.I.E.E., M.1.Mech.E., Chief Engineer, Ministry 
of Works, has been appointed President of the Association 
of Supervising Electrical Engineers, in succession to 
Mr. H. Nimmo, M.1.C.E., M.1.E.E., M.I.Mech.E.. who is 
relinquishing the position after holding it for two con- 
secutive years. 

Mr. H. R. Humpsreys, O.B.E., formerly of Camnicll 
Laird and Company, Limited, Birkenhead, has bevn 
appointed assistant to the general manager, Repair Worh-, 


| Harland and Wolff, Limited, with headquarters at the 


firm’s London Office, 9, Whitehal), S.W.1. 


Mr. R. H. Coates, B.Sc., M.I.E.E., M.I.Mech.E., is the 
divisional controller of the Southern Division, British 
Electricity Authority, High-street, Portsmouth. MR. F. 
CONNON, M.I.E.E., A.M.1.Mech.E., is technical engineer 
of the Division, Mr. E. McCaBE, M.1.E.E., A.M.I.Mech.F., 
the generation engineer (operation) and Mr. C. W. A. 
Priest, B.Sc., M.I.E.E., A.M.I.Mech.E., the generation 
engineer (construction). 


Mr. W. F. Saxton, chief engineer of Armstrong 
Siddeley Motors Limited, Parkside, Coventry, has been 
elected a director of the company. 


Mr. R. S. Wr, director of Messrs. A. G. Wild and 
Company, Limited, railway engineers, has joined the 
board of Spanner Boilers Limited, 10, Hopton-road, 
Streatham, London, S.W.16, and will take particular 
interest in supplies of the firm’s Swirlyflo fire-tube boilers 
for railway service. 


Mr. J. DEARDEN, M.Sc.(Manc.), senior assistant 
(metallurgy:, Scientific Research Manager's Department. 
London Midland Region, British Railways. Derby, h«-< 
been promoted to be chief metallurgistin the Departmet. 


Mr. G. E. BEHARRELL, managing director of the 
Dunlop Rubber Company, Limited, has been elected 
President of the Federation of British Rubber Manu- 
facturers’ Associations. He is President of the Tyre 
Manufacturers’ Conference. 


Mr. F. G. W. Krxo, technical director, Mr. H. WILL- 
sHAW, O.B.E., chief engineer, and Mr. C. D. Law, chief 
staff-training and appointmente officer, Dunlop Rublher 
Company, Limited, have been appointed Governors of 
the National College of Rubber Technology which has 
just been established by the Minister of Education at the 
Northern Polytechnic, Holloway-road, London, N.7. 


Mr. O. M. PRoupLocK-DUNBAR, director and factory 
manager, retires from the Ruberoid Company, Limited 
after 38 years’ service. He will be succeeded as factory 
manager by his brother, Mr. STEWART PROUDLOCK, it 
present assistant factory manager. SiR GEOFFREY ). 
BURTON has joined the beard of the company in place of 
Mr. H. ABRAHAM, President of the Ruberoid Company of 
New York who has resigned in view of his infrequent 
visits to this country. 


Mr. H. S. Crump has been appointed manager of the 
Liverpool] branch of the Brightside Foundry and Engineer- 
ing Company, Limited, in succession to MR. W. CLARF, 
who is retiring owing to ill-health after 42 years’ service. 
Mr. Clare has also relinquished his seat on the board. 


Mr. CHARLES Bostock, secretary of Pickfords Limited, 
Hay’s Wharf Cartage Company, Limited, and Carter 
Paterson and Company, Limited, has been appointed 
general manager of the Group as from July 1. 

The name of the Hawker Siddeley Aircraft Company, 
Limited, 18, St. James’s-square, London, S.W.1, has 
now been changed to HAWKER SIDDELEY GROTP, 
LiMiTED. The postal and telegraphic addresses and all 
telephone numbers are not affected. 

MeEssrs. THE HOFFMANN MANUFACTURING COMPANY, 
Liirrev, Chelmsford, Essex, have opened a new branch 
office at 50, The Wicker, Sheffield, 1. (Telephone : 
Sheffield 20246.) 

Messrs. GoopMANS INDUSTRIES, LIMITED, Lancelot- 
road, Wembley, Middlesex, have requested us to announce 
that their telephone number has been changed to 
WEMbley 1200. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Production at both the blast-furnaces 
and the steel-melting shops has been maintained fully, 
ruw materials being in adequate supply. There is little 
prospect of further improvement in the home scrap 
deliveries, but there is some hope that adequate supplies 
from Germany may be available for next winter. Re- 
rollers have had difficulty in making up their rolling 
programmes recently and it has not been possible to 
determine whether this has been due to restricted 
authorisations or to work being less plentiful. Re-rollers 
and makers, however, have now made a start with the 
considerable tonnages they had on hand for Period 3. 
Allocatious of export tonnages for the third period have 
not all been issued, but makers and re-rollers are making 
tentative plans in anticipation of higher tonnages as a 
result of the various international trade agreements. 


Scottish Coal.—The customary increased activity at 
the mines prior to the summer holidays has been in 
evidence, and in the weck ended June 26 divisional 
outputs at 487,800 tons were 12,500 tons higher than in 
the previous week. East Lothian and Midlothian pits 
closed down on Friday last and are due to resume on 
July 12. Lanarkshire, Fife, and part of Ayrshire will 
stop work from July 16 to 26; and Clackmannan, 
Kilmarnock, Kirkconne), and Sanquhar will stop work 
from August 13 to 23. Speaking generally, industrial 
consumers are well satisfied with present receipts against 
allocations, and supplies of industrial and steam coals 
are adequate for current consumption and stocking 
programmes, although there has been some criticism 
of quality and regarding the small proportion of graded 
fuel available. Although improving slightly, coal ton- 
nages are short of requirements; but increased supplies 
have been provided for railway holiday traffic: and 
house coal merchants’ stocks have almost reached pro- 


gramme figures. Bituminous gum is difficult to dispose 


of, but Spanish and Portuguese buyers have been 
inquiring about prices, and some sales are expected. 


It has been estimated that June coal cargoes from 
Scotland were 125,000 tons, which would bring the total 
for the first six months of the year to 550,000 tons. A 
quantity of large anthracite, beans, and gum is under 
negotiation for London, and is expected to be fixed for 


shipment this week. 


mili 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The demand for pig iron continues 
very strong, and active steps have been taken to increase 
The Sbeepbridge Company have allocated 
1,250,0001. for the reconstruction of their blast-furnace 
equipment, with the intention of raising the output of extensive use of foreign ores. 
foundry iron to 250,000 tons per annum from the present 
Two new blast-furnaces are 


_toduction. 


capacity of 100,000 tons. 
to be erected with a hearth diameter of 18 ft. 6 in 


Provision is being made for a complete crushing and 


sizing plant for ore burden and a coke-screening plant. 


together with sintering and gas-cleani + aa 
rd bd ee plants * for current requirements. 


whole of the product will be machine-cast pig-iron. 


is expected that the first furnace will be ready to put 
into blast by September, 1950, and the second furnace : 
Special attention is being commodities which are in great demand for home pur- 


about 18 months later. 


given by many firms to the development of the engi- 
neering side, which is being segregated from the iron 
More steel is being produced as more 


and steel side. 


NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

Welsh Coal Trade.—After losing about 3,000 tons of 
output, 1,200 men employed at the Elliott Colliery, 
New Tredegar, who had been on strike, decided to 
return to work. The dispute arose because one man 
found the padlock on his tool box broken. The meeting 
at which the men decided to return to work also decided 
to urge the National Coal Board to provide tools for the 
men who have to buy their own at present. The South 
Wales miners have decided to press for stricter enforce- 
ment of dust-suppression measures in the collieries of 
the area. A meeting of the executive council of the 
South Wales area of the National Union of Mineworkers 
has decided to urge that suppression be compulsory at 
all pits in the division, except in those cases where the 
divisional inspector is satisfied that conditions make such 
measures unnecessary. At present, dust suppression is 
only compulsory in those cases where the inspector 
advises the colliery managers to carry them out. Through- 
out the week, allocations were made for various foreign 
trades, and in most cases these were reported to be on 
about the same scale as in recent months. In the case 
of Portugal, however, there was some slowing down in 
activities, but it was hoped that this was purely tem- 
porary and that exports would recover their normal 
level over the remainder of the month. The inland 
trade was very active. All the better grades were ear- 
marked for delivery to the high-priority home consumers, 
whose demands for these sorts remained keen. As a 
tule, order books were well filled for a long time 
ahead. There was a sustained inquiry for bunkers 
both for delivery at home ports and for the overseas 
depots. Cokes and patent fuel were in keen request, 
but supplies were not easy to secure. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, business in tin-plates was again active and the 
sales made to home consumers, for delivery during the 
present quarter, were heavy. The export market, on 
the other hand, remained very quiet and the business 
transacted was on a limited scale. Steel sheets continue 
to meet with a very firm demand and new business is 
still very difficult to place. The demand for all grades 
of iron and steel scrap grows more insistent. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron ore supplies are keeping pace 
with consumers’ requirements. The output of the 
Cleveland ironstone mines is increasing, but. less rapidly 
than conditions require and the shortage necessitates the 
A greatly increased pro- 
duction of local ironstone is needed, as the transport 
charges on imported ores are extremely high. Complaints 
of serious scarcity of iron scrap continue, while the de- 
ficiency in supplies of scrap suitable for use in the melting 
furnaces is causing grave concern. Works have very 
slender stocks and are not receiving nearly enough tonnage 
Inadequate supplies of these 
commodities, coupled with the continued shortage of pig 
iron, are seriously restricting the production of finished 


poses and for shipment overseas. 


Foundry and Basic Iron.—The blast-furnace production 
of descriptions of material suitable for use in the iron 


raw materials become available, but the shortage of | foundries is quite trifling and unlikely to increase to any 


materials still persists. A little more steel in slabs and 
billets is reaching the rolling mills and forges, which are 
trying to comply with numerous orders for high-carbon 


steel sheets and bars needed by makers of steel products 


South Yorkshire Coal Trade.—Some collieries have had 


better outputs, but this has been partly offset by unofficial 


disputes at other pits. The demand is very strong all 
round, with the exception of inferior grades, which move 


slowly. Best hards for the railways are in brisk request, 
and washed and graded steams are eagerly sought. 


Fairly good tonnages of best steams have been dispatched 
to the Humber ports for shipment overseas, but supplies 
cannot be arranged as easily as was the case some weeks 
ago. Coking coal is in fair supply, and gas coal is coming 
Household coal is in sufficient 


forward adequately. 
supply for current deliveries. Coke is active. 





INTERNATIONAL SCIENTIFIC 


extent. Users have beén obliged, for a considerable time, 
to seek supplies from other producing areas ; the bulk of 
the foundry iron reaching North East Coast works is still 
from the Midlands. Basic-iron makers are turning out 
sufficient tonnage for the essential needs of their adjoining 
1 steel-producing plants but have no surplus to offer for 
other purposes. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite manufacturers are maintaining the make 
at a level which is sufficient for the pressing needs of their 
regular customers, but are unable to comply with the 
persistent demand for deliveries on a scale sufficient to 
enable the depleted stocks to be re-established. The 
distributable tonnages of low- and medium-phosphorus 
grades of iron are sufficient for actual requirements. 
The output of refined classes of iron are steadily taken up. 

Manufactured Iron and Steel.—Steady activity con- 
tinues at the semi-finished and finished iron producing 


FmM CONGRESS.—The | planis. Contracts in course of execution are substantial 
second congress of the International Scientific Film 


Association will be held in London from October 4 to 11. 


and buyers are prepared to place further orders. Steel 
producers ate making great efforts to deal satisfactorily 


The Association was constituted last year in Paris, by| with their heavy commitments. Steel semies are not 


delegates from 22 countries, and its primary aim is to 
raise the standard and promote the use of the scientific 


quite so scarce as of late; makers are providing users 
with rather better supplies, but the re-rollers are calling 


film and related material throughout the world in order | for larger deliveries of billets, slabs and sheet bars. 


to achieve the widest possible understanding and 
appreciation of scientific method and outlook, especially 
in relation to social progress. Further particulars 
of the Congress may be obtained from the Scientific 


Film Association, 34, Soho-square, London, W.1. 


Imports of semi-finished steel are still on a disappointing 
scale ; Belgium and Canada have supplanted the United 
States as the chief sources of supply. The finishing mills 
are operating at as near the limit of capacity as con- 
ditions permit. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, July 13, 8.30 
p.m., Compton Hall, Compton-road, Wimbledon, 8.W.19. 
“ The 13A Plug and the Ring Main,” by Mr. A. Amberton. 
Bradford Branch: Wednesday, July 14, 7.30 p.m., 
Midland Hotel, Bradford. ‘“ Electric Lifts from a Main- 
tenance Point of View,” by Mr. C. Rhodes. 


INCORPORATED PLANT ENGINEERS.—Liverpool Branch : 
Thursday, July 15, 7.30 p.m., 9, The Temple, 24, Dale- 
street, Liverpool. Joint meeting with the LIVERPOOL 
ENGINEERING Society. ‘“ The Blackpool Tower,” by 
Mr. G. W. Foster. 





CONTRACTS. 


MESSRS. METROPOLITAN-VICKERS-G.R.S., LIMITED. 
Crown House, Aldwych, London, W.C.2, are to supply 
and install four mechanical rail brakes, complete with 
hydraulic pumping equipment, at Toton marshalling 
yard, London Midland Region, British Railways. 

Messrs. EDWARD Woop AND Sons, LIMITED, Derby, 
have obtained a contract for the construction of new 
workshops, for the Chief Civil Engineer’s Department, at 
Toton marshalling yard, comprising stores and plumbers’, 
carpenters’ and blacksmiths’ shops. 

Messrs. HENRY LEES, LimireD, Motherwell, have 
secured an order for an electrically-operated coaling plant 
and ash-disposal plants at the Crewe North motive-power 
depot, London Midland Region, British Railways. The 
coaling plant will be of the wagon-hoist type and will be 
capable of refuelling two locomotives with 5 tons of coal 
each in three minutes. 


Messrs. COWANS, SHELDON AND COMPANY, LIMITED. 
Carlisle, are to supply a 70-ft. diameter turntable with 
vacuum turning gear in connection with the modernisa - 
tion of the Crewe North motive-power depot. 


Tue BrRusH ELECTRICAL ENGINEERING COMPANY, 
LIMITED, Duke’s-court 32, Duke-street, St. James’s. 
London, S.W.1, have received an order from Umfolozi 
Co-operative Sugar Planters, Limited, of South Africa, 
for a 2,500-kW turbo-alternator set for their sugar mills 
at Umfolozi. The set will comprise an axial-flow geared, 
multi-stage, impulse, back-pressure steam turbine with 
dowble-helical totally-enclosed force-lubricated reduction 
gear and a Brush alternator of the salient-pole duct- 
ventilated single-bearing type with half coupling integral 
with the rotor shaft. The set is to operate with steam 
at 150 Ib. per square inch and 520 deg.’ F., at the turbine 
stop valve. The speeds of the turbine and alternator will 
be 8,000 r.p.m. and 1,500 r.p.m., respectively. 


Messrs. LEYLAND Morors Laren, Leyland, Lanca- 
shire, have secured an order for a fleet of left-hand 
drive single-deck omnibus chassis from ]’Administration 
des Transports en Commun de la Région d’Alexandrie, 
Egypt. The order comprises 30 chassis fitted with 
125-h.p. Diesel engines and quick-change inertia-lock 
synchromesh gearboxes. In addition, nearly 15,000/. 
worth of spare parts will be supplied for the vehicles. 


Messrs. Davip Brown TRACTORS LIMITED, Meltham, 
near Huddersfield, have received a repeat order from the 
Anglo-Iranian Oil Company, Limited, for 15 heavy 
industrial tractors, one of which will be specially equipped 
for shunting duties in Central Iran. There are already 
25 of the firm’s heavy tractors in service in the Kuwait 
fields, on the Persian Gulf. 


Messrs. K. AND L. STEELFOUNDERS AND ENGINEERS, 
Lmorrp, Letchworth, Hertfordshire, have received, 
through Messrs. MACLELLAND AND COMPANY, LIMITED, 
exporters, Audley House, North Audley-street, London, 
W.1, orders for 40 cranes for various destinations in the 
Argentine. They are of the mobile type, the heavier ones, 
of four- and two-tons capacity being driven by Diesel 
engines, and the lighter ones, of 15-cwt. capacity, by 
petrol engines. 





BrITIsH EXHIBITION IN CUPENHAGEN.—<As already 
announced in our columns, a British Exhibition will be 
held in Copenhagen from September 18 to October 3. 
Nearly 1,000 British firms are to be represented and it is 
stated that the exhibition will constitute the largest 
display of British goods ever made in Scandinavia. 
The exhibition is designed to encourage the export of 
British goods to the Scandinavian countries and is 
organised by the British Import Union in co-operation 
with the Federation of British Industries and with the 
approval of H.M. Government and the Danish Govern- 
ment. Further particulars of the Exhibition may be 





obtained from the Federation of British Industries, 21, 
Tothill-street, London, S.W.1. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
** ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


*“ ENGINEERING ”’ may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
RII ienscshinoss<ciziniodiavece-vecvcena £410 0 


For Canada £4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 





Terms for somata advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on applicatioa to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘“‘ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cert. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy ’”’ instructions and alterations to standing 


advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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A SEA-LEVEL PANAMA 
CANAL. 


In an age characterised by the mass production 
of units, from the machines serving the needs of man- 
kind to the education of mankind himself, matters 
relating to canals are distinguished by the qualities 
of the individual as against mere generalities, since 
in this field each case must be considered on its 
merits in regard to the topography, the strata, the 
actual work of construction, as well as the operation 
and maintenance of the completed canal. Adven- 
ture, too, is frequently associated with the subject, 
as is shown by the history of the canal across the 
Isthmus of Panama, where failure of the pioneering 
efforts of de Lesseps and his colleagues was followed 
by the ravages of yellow fever and malaria among 
their successors. With any canal of importance 
there is, in addition, the interest attaching to its 
gradual improvement and development to meet the 
gradual increase in both the volume of traffic and 
size of the ships likely to use such waterways. The 
implications of these considerations, coupled with 
the advantages of a canal. with and without locks, 
have exercised the minds of American engineers 
and others for the past four decades, from the 
standpoint of commerce, on the one hand, and 
that of naval requirements on the other, as may be 
gathered from a series of papers by different authors 
in the Proceedings of the American Society of Civil 
Engineers for April, 1948, with particular reference 
to the proposals recently placed before Congress by 
a committee appointed for the purpose of advising 
on the construction of a sea-level Panama Canal. 
Apart from the magnitude of the undertaking, the 
matter is of special interest to students of the subject, 
for several reasons ; the route passes through the 
Gatun Lake, which is 85 ft. above mean sea-level, 
and involves a tidal range of 22 ft. at the Pacific 
end, compared with one of 2 ft. at the Atlantic end, 








and flood-control of an extensive watershed with a 
mean annual rainfall of 109 in. 

In his general review of the whole subject, Colonel 
J. H. Stratton, U.S. Army, M.A.S.C.E., discusses 
the several factors on which the scheme is based, 
and explains why improvement of the present 
canal cannot be recommended. Of the 30 possible 
alternative routes, only the sea-level Panama con- 
version scheme, which follows the general alignment 
of the present route, has been retained for further 
study. In this scheme a tidal lock, 200 ft. in width 
and 1,500 ft. in length, and a navigable pass near 
the existing Miraflores Locks, will serve the purpose 
of controlling tidal currents of from 0-5 knot to 
4-5 knots, these being the currents produced by 
the action of a 2-ft. Atlantic tide in a canal closed 
at the Pacific end in the first place, and in the 
second by a combination of a 20-ft. Pacific and a 
2-ft. Atlantic tide in the open channel. When the 
tides attain their highest and lowest levels, the 
navigable pass, in normal working conditions, will 
be closed, and ships will use the tidal lock, in order 
that the above-mentioned values of the current in 
the canal shall not be exceeded. By this means a 
sudden change from navigation in slack water to 
navigation in a completely unregulated waterway, 
as might be brought about by serious damage to 
the tidal lock, can be avoided by opening the 
retractable gates of the navigable pass, and thus 
providing an open waterway, having a minimum 
cross-section of 600 ft. in width, measured at a 
depth of 40 ft., and a depth of 60 ft., at any state 
of the tide. 

Although it is impossible to say what course the 
war would have taken had the attack on Pearl 
Harbour by the Japanese been followed up with an 
attack on the Panama Canal, it is now clear that 
the locks could have been destroyed and the Canal 
emptied into the sea had an attack been made and 
the defences penetrated. The subsequent develop- 
ment of larger bombs and new weapons of both 
conventional and atomic types are possibilities 
which obviously have been taken into account at 
every stage of the investigation. On this point, 
Colonel Stratton remarks that the tide-regulating 
works of the proposed canal could not be made 
resistant to modern weapons, but they, as well as 
the flood-control structures, would not be essential 
to the safe operation of the waterway. :An attack 
by atomic missiles, however, could block the canal, 
and lead to the abandonment of the tidal lock if it 
were contaminated by radioactive particles. In 
view of the significance of these consequences and 
the more intricate problems of international rela- 
tions, there is something to be said in favour of 
dispersing the potential target by retaining the 
present canal and constructing a second canal some 
distance away, say, by the route across the Isthmus 
of Tehuantepec, in Mexico. The additional cost of 
cutting and operating a new canal would be com- 
pensated partly by the increased factor of security 
against attack on dispersed targets, and partly by 
the value of the existing canal as a commercial 
waterway for the smaller ships. In any case, the 
construction of any new canal in Central America, 
all of which is subject to seismic activity, may well 
present geophysicists with a new source of interest 
in the study of the effect of the consequent change 
of loading by large masses of water on the frequency 
of occurrence of local earthquakes. There is the 
case of Boulder City, Nevada, for example, where no 
earthquake was reported by the local inhabitants 
for 15 years prior to the construction of the Boulder 
Dam, but shocks identified as earthquakes were 
experienced a few weeks after Lake Mead had 
reached its annual peak level of 375 ft. above the 
tail race. From the time of filling this reservoir 
to the year 1942, the number of local earthquakes 
recorded has averaged 620 annually, and of these 
75 were sufficiently strong to be felt. Shocks of this 
intensity are not likely to cause trouble with the 
dams and other structures of the proposed sea-level 
conversion canal, but the same does not necessarily 
apply to the stability of the slopes and cuts at certain 
places. A comparison of the geological history and 
physiography of the locality given by Messrs. W. V. 
Binger and T. F. Thompson in their contribution to 
this symposium, under the title of “‘ Excavation 
Slopes,” and the corresponding information on the 











38 


ENGINEERING. 








JULY 9, 1948. 





vicinity of the Boulder Dam is most interesting in 
this regard, as those responsible for the scheme have 
doubtless discovered. 

A scheme of this kind and magnitude is of 
outstanding interest by reason of the numerous 
interrelations between the engineering problems and 
finance. A long-time policy is essential, in view of 
the cost, of the order of 3,000 million dollars, and 
time for completion, about ten years, so that the 
preparatory study must bring under review the 
trend in size of ships, the probable nature of future 
cargoes, and the proportion of passages under 
different conditions of trim, ranging from a fully- 
laden ship to one in ballast. From this information 
it is possible to estimate the working capacity of the 
waterway, on the basis of a prescribed speed of 
transit. The ramifications of the study are numer- 
ous, for the design of the channel depends very 
largely on the regulations concerning navigation, 
which, in turn, have much to do with the meeting 
and passing of ships on the canal, their speeds, and 
the minimum distance between them. Any canal, 
and especially the Panama Canal, must also accom- 
modate the largest naval ship likely to use it without 
restriction or delay in times of emergency. In this 
connection a certain amount of compromise is 
inevitable, since the simultaneous transit of large 
naval ships travelling in the same or in the opposite 
directions is a contingency which can hardly be met, 
on grounds of economy as to first cost and main- 
tenance. Similarly, the provision of a waterway to 
enable a liner of the size of the Queen Mary to 
pass a large naval vessel is out of question, in view 
of the infrequency of such events. 

Speed of transit is of great importance in the 
matter of navigation, and in the problem of working 
capacity, for the effect of strong winds on the 
manceuvring of vessels having large superstructures, 
as for example, aircraft carriers and ships in a light 
condition, increases inversely with the speed. Speed 
also affects navigation round curves, particularly 
when currents are present, though in this regard the 
proposed sea-level Panama conversion scheme leaves 
little to be desired, in that it provides for a speed of 
10 knots, and a maximum deflection angle of 26 deg., 
which compares favourably with the figure of 
30 deg. for the Gaillard Cut, formerly called the 
Culebra Cut, in the existing Panama Canal, and 
63 deg. for the Suez Canal. To attain this end, 
sharp curves have been eliminated and tangents 
lengthened to meet the navigational requirements. 
By utilising existing works, the new excavations 
will involve the removal of rather more than 
1,000 milfion cubic yards, of which one-third will 
necessitate excavation in the wet condition. Of the 
excavating plant, the dredging equipment is, per- 
haps, the most interesting, since it is arranged to 
remove loose material from the bottom of the initial 
excavation to a depth of 145 ft. by means of 
hydraulic dredgers operating in a number of lifts or 
stages which would be varied according to the 
material and its ability to flow to the suction inlet 
without causing serious caving of the banks. 

Following the removal of the overburden in this 
manner, the rock is to be drilled and blasted for 
removal by a dipper type dredger of from 20 to 
30 cubic yards capacity, and a ladder or con- 
veyor type of dredger equipped with buckets 
each of two cubic yards capacity. In arriving at the 
best method of transporting the material from the 
place of excavation to the point of disposal, account 
is taken of the character of the excavation and its 
location in relation to the disposal area, the gradient 
between these two points, and the position for 
suitable roads and conveyors. Although the heavy 
rainfall in the locality, combined with the sticky 
quality of the shale which forms a large part of the 
excavation, and the necessity for breaking the 
material into small sizes, do not favour the use of belt 
conveyors, this method may be used with success at 
certain places on the site. The problem of transport 
of the material plays an important part in the cost of 
housing and organising the personnel, in operating 
the utility and service sides of the undertaking, and 
in reducing the time required for construction. 
The time and energy expended in planning the 
constructional work and methods may be indicated 
by reference to the estimated economies of 12 per 
cent. in cost and five years in the work of excavating. 








THE NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


As the North of Scotland Hydro-Electric Board 
was set up only in 1943, and as its activities in its 
earlier years are necessarily mainly concerned with 
construction, it is not to be expected that it should 
yet have established itself as a paying concern. The 
year 1947 ended with a debit balance of 38,7101., 
which is a relatively modest sum for an organisation 
which, by the end of that year, had placed contracts 
to the value of 20,321,948/. About 77 per cent. of 
this sum represents civil engineering works, which, 
especially under present conditions, will take many 
years to execute. The Electricity Commissioners’ 
consents for new works, by the end of 1947, covered 
a total expenditure of 28,975,494/., and the borrow- 
ing powers corresponding to this sum had only 
been exercised by the issue of a 5,000,000. 2} per 
cent. loan in July, 1947, any additional expenditure 
being covered by temporary borrowing from Scottish 
banks. It has been announced, however, that a 
further step towards putting the finances on a more 
permanent basis was to be taken by the issue of 
a 6,000,000/. 3 per cent. loan in the immediate 
future. As the interest is guaranteed by the 
Treasury, the loan will no doubt be taken up, but 
the value of the 2} per cent. stock has fallen to 89}. 

The revenue of the Board during the year 
amounted to 91,144/., the greater proportion of 
which was derived from the sale of current, small 
sums being received for the sale of apparatus and 
hire-purchase charges. The whole of these returns 
were apparently obtained from Diesel-engine sta- 
tions, of which the Board owns about 14. Most 
of these have been purchased from town councils, 
or other authorities, as going concerns, and in many 
cases extensions have been either carried out, or 
arranged for. It is stated in the report* covering 
operations during last year, that ‘“‘the Board’s 
first duty is to supply electricity to the more remote 
districts of their area.” Activities to this end have 
occupied the Board from the outset and by the end 
of 1947 supplies were being provided in 12 separate 
parts of the Highlands. In some cases, no doubt, 
remote areas will ultimately be connected to the 
main transmission network, but in others they are 
likely to remain permanently isolated. This clearly 
applies to the outer Islands, of which Lewis forms 
an example. The scheme for this island c>vers the 
erection of 177 miles of high-voltage and 117 miles 
of low-voltage line, current being furnished from a 
Diesel-engine station at Stornoway purchased from 
the Air Ministry. 

It is further stated in the report that: “‘ distri- 
bution schemes in the remote parts of the North of 
Scotland district cannot be made financially self- 
supporting.” It is, however, not proposed that the 
Board should act as a sort of charity concern, 
passing on its losses to the Treasury, as these will 
‘be made good from the revenue obtained by the 
sale of electricity in bulk to the Central Authorities’ 
Grid system in Central Scotland and from major 
trading in the North of Scotland District.” The 
Lewis scheme covers a population of about 22,500, 
so that, from the figures given above, it appears 
that one mile of transmission line will be erected 
for every 76 consumers ; this may possibly represent 
a reasonable loading, but for the Lochinver and 
Ullapool scheme in the north-west corner of Ross 
and Cromarty, 87 miles of 11,000-volt line and 
32 miles of low-pressure line are to be erected to 
serve a population of 2,000, or one mile of line for 
every 17 consumers. Although installations of this 
kind are not expected to pay their way, the Board 
has acted with discretion in fixing tariff rates. 
Starting with the proposition that the whole 
purpose of the development was the rehabilitation 
of the Highlands, with finance a secondary con- 
sideration, there may have been a temptation 
to fix charges at an attractively low level. This 
has been resisted ; for domestic and farm installa- 
tion, the charge is 6d. per unit up to 36 units per 
apartment per annum; ld. per unit for every 
324 units per apartment beyond those taken at the 





* North of Scotland Hydro-Electric Board: Annual 
Report 1947. The North of Scotland Hydro-Electric 
Board, 16, Rothesay-terrace, Edinburgh. [Price 1s. 6d.) 





6d. rate; and 3d. per unit for anything further. 
The Act under which the Board was set up may 
have laid down that its “first duty is to supply 
electricity to the more remote districts of their 
area,” but it is clear that something more extensive 
than the taking over of a 74-kW station at Ullapoo! 
is involved in a policy which has as its object the 
rehabilitation and general development of Northern 
Scotland. The main interest and importance of the 
Board’s work are concerned with the water-power 
installations which it has in hand. Nine hydro- 
electric schemes had been approved by Parliament 
by the end of 1947, representing a total capacity of 
439,000 kW. Most of the generating sets have been 
ordered for the power stations covered by these 
schemes, although in some cases only first-stage 
development is at present contemplated. Field 
surveys for eight further schemes have been com- 
pleted and it is expected that most of them will 
be published this year. They include a 60,000- 
kW installation in Ross-shire and one of 56,000 kW 
in Inverness-shire. 

The most important schemes being carried out 
by the Board are the Loch Sloy development, near 
the head of Loch Lomond, the Tummel-Gary project 
in Perthshire, and the Glen Affric development in the 
north-west corner of the county of Inverness. The 
Loch Sloy project was the first of the main schemes 
to be put in hand. The station will be equipped 
with four 32,500-kW vertical Francis-turbine sets, 
which are being supplied by the English Electric 
Company, the turbines, apparently, being con- 
structed by Messrs. Harland and Wolff at their 
Glasgow works. These sets, or some of them, are 
evidently built, as the report contains a reproduction 
of a photograph of one of them, but when they are 
likely to be installed is not clear. It is stated that 
‘concentration of effort during 1947 was centred 
on the tunnel, dam, power station and pipeline 
contracts.”” It is added that at the end of the vear 
the main steelwork of the generating station was 
almost completed, but no information is given 
about progress with the tunnel, dam and pipeline. 
In an article dealing with the second annual report 
of the Board, which appeared in these columns on 
July 12, 1946, it was stated that “the report is of 
interest and value, but its usefulness might have 
been increased had more information been fur- 
nished.”” The report is presumably directed to the 
general public, not to individuals who are already 
familiar with every detail of the work being carried 
out, and it might, for instance, contain a table 
explaining the actual state of work on all sanctioned 
schemes. 

It is stated that steady progress has been made 
on the Tummel-Garry scheme, which is the most 
important work in hand, as it covers three power 
stations with a total planned capacity of 147,000 kW. 
The progress reported is in connection with dam 
foundations and other civil-engineering work. The 
Glen Affric project covers two power stations with a 
combined capacity of 70,000 kW. Work was 
inaugurated in May, 1947, and it is hoped to 
begin the driving of the two tunnels involved this 
year. Nine hundred and twenty workmen were 
engaged on this scheme at the end of 1947. This is 
of the same order of magnitude as those employed 
at Loch Sloy and Tummel-Garry, the figure at the 
former being 1,766, and at the latter 1,178 ; in these 
two cases, however, some were prisoners of war, who 
presumably have now left, or will shortly do so. 
As these projects are situated in remote districts, 
residential camps have had to be constructed. 

The Board has undertaken an unusual’ activity 
in setting up a training college for its technical 
staff. This will be situated in a large mansion at 
Pitlochry ; other houses in the neighbourhood will 
provide residential accommodation. Professor S. 
Parker Smith is relinquishing the chair of electrical 
engineering at the Royal Technical College, Glas- 
gow, to arrange and superintend the training scheme, 
and Mr. J. A. Cowan, A.R.T.C., M.LE.E., has been 
appointed master of the college. Theoretical and 
practical training will be given both to recruits to 
the staff, and, in the form of refresher courses, to 
established members. The practical work will 
include operational duty at hydro-electric and Diesel 
stations, maintenance work on transmission lines, 
and visits to stations and works under construction. 
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NOTES. 
Lonpon Ratiway TERMINALS. 

In February, 1944, the then Minister of Transport, 
in consultation with the Minister of Town and 
Country Planning, appointed a committee to examine 
the railway proposals in the County of London Plan, 
which had been drawn up in the previous year and 
was discussed in articles on pages 51 and 71 of our 
156th volume (1943). The chairman of the com- 
mittee, whose final report has just been published 
by H.M. Stationery Office (price 9d. net), was Sir 
Charles Inglis, F.R.S., and the other members were 
Mr. Geoffrey Crowther, editor of The Economist ; Mr. 
F. A. Harper, of British Railways; Sir Eustace 
Missenden, chairman of the Railway Executive ; Sir 


Alan Mount, of the Ministry of Transport ; Sir George‘ 


L. Pepler, representing the Ministry of Town and 
Country Planning ; Mr. J. C. L. Train, of the Rail- 
way Executive ; and Mr. A. B. B. Valentine, of the 
London Transport Executive. An earlier report pro- 
posed the construction of new suburban railways in 
deep-level tunnels of main-line dimensions, on the 
assumption that the three bridges over the Thames 
at Charing Cross, Cannon Street and Blackfriars 
would eventually be removed. The present report 
deals with railway termini north of the Thames 
(other than those of the Southern Region) and the 
handling of London’s freight traffic. The Com- 
mittee do not favour the removal of Liverpool Street 
station, but recommend that it should be rebuilt 
as a two-level passenger terminal on the present site 
(not on the site of the Bishopsgate goods station, 
as had been suggested), with the railway tracks 
below street level and a station concourse and 
*bus terminal above. This would involve the 
elimination of steam haulage, but the Committee 
point out that they have not prepared any detailed 
scheme and cannot say at present whether it would 
be practicable. Regarding Fenchurch Street station, 
they recommend that it should remain on the 
present site, since nothing would be gained by 
reconstructing it at a lower level as most of the 
existing approach viaduct would be needed to give 
rail access to various goods depots. The suggested 
amalgamation of Euston and St. Pancras stations 
also is not favoured, on the ground that the technical 
disadvantages would far outweigh the advantages. 
The existing stations at Euston, St. Pancras, Kings 
Cross and Marylebone, they consider, should be 
retained or, if reconstruction is necessary, should 
be rebuilt on their present sites. Regarding 
Paddington, however, they support the suggestion 
to bring forward the frontage to the proposed 
“A” ring road at Sussex-gardens. As the railways 
themselves are investigating the future handling 
of London’s goods traffic, the Committee withhold 
comment on this problem, except that they dis- 
approve of the proposal to use the northern section 
of the Inner Circle as a goods line because their 
previous report requires its retention for passenger 
traffic. They suggest, however, that some concen- 
tration of railway depots might be possible, to make 
the best use of the land in central areas; and that 
it might be worth while to investigate the construc- 
tion of automatic tube railways, similar to the line 
operated by the General Post Office, as a means 
of reducing the amount of street cartage. The 
report points out that the detailed examination of 
the technical possibilities and the traffic needs 
would take from three to four years, and urges 
that this examination should be started without 
delay; as a postponement cf this investigation 
might result in the hurried adoption, at some later 
date, of schemes which might not be properly 
co-ordinated with the planning and the traffic 
requirements of the area as a whole. 


THE GENERATING PLANT SHORTAGE AND 
Domestic DEMANDS. 
_ It is always easier to understand a problem when 
it is stated in concrete rather than in abstract 
terms. For that reason, the Parliamentary Secre- 
tary to the Ministry of Fuel and Power (Mr. A. 
Robens, M.P.) is to be congratulated on giving 
figures when he made a statement about the serious- 
ness Of the electric generating plant position to 
representatives of a large number of commercial 
organisations on Thursday, June 24. According to 





this statement, the output of electricity in 1947 
was 174-7 per cent. of that in 1938. To meet this 
expansion it had been hoped to install 997 MW of 
new generating plant in 1947. The net increase 
in 1947-48 over 1946-47, however, was only 400 MW, 
and in the present year would be about the same. 
Meanwhile, the demand was increasing, and would 
be about 730 MW more in 1948 than in the 
year before. As a result, it was estimated that 
the difference between the peak load and the plant 
available to meet it would, next winter, be at least 
1,000 MW; and might be more if the weather 
were exceptionally cold. During 1947-48, industry 
had succeeded in transferring 33} per cent. of its 
maximum load from the peak and could not be 
asked to repeat this effort unless they were assured 
that other consumers were also playing their part. 
A completely organised effort by non-industrial 
consumers was therefore urgently required in order 
that their demands might be reduced between 
8 a.m. and 10 a.m., and again about 3.30 p.m., 
especially in December and early January. To 
achieve this co-operative effort it was proposed 
to set up a small committee representative of 
employers and employees in commerce, as well as 
of the Regional Boards and Government Depart- 
ments. This body would correspond to the Central 
Committee, which already existed for dealing 
with industrial supplies. In the meantime, Mr. 
Robens asked that the problem should be examined 
by members of the organisations present, so that 
there might be no delay in bringing schemes into 
operation when required. 


THE PROFESSIONAL CLASSES AID COUNCIL. 


The annual report of the Professional Classes 
Aid Council for the year 1947-48, as presented at 
the annual general meeting held in London on 
June 17, shows that the number of applications 
received is still increasing, the total disbursed in 
relief reaching the total of 12,817/. The number 
of families assisted was 273, and many others were 
advised of other sources of help, the function of the 
Council being to co-ordinate other available facilities 
and to apply their own financial resources primarily 
in cases to which these other facilities are not 
applicable. As the Benevolent Funds of all the 
principal engineering institutions are represented 
on the Council, their contacts in this respect are 
very wide, and the close liaison which results 
prevents overlapping. Much of the aid given is 
for educational purposes, and, in the year under 
review, grants were made to 106 children to the 
total of 4,666/. Assistance in obtaining vocational 
training was given to 63 students, the sum thus 
expended being 2,5361.; and a further 2,984/. was 
distributed in general help, such as temporary 
maintenance during convalescence after serious 
illness. The secretary to the Council is Miss G. M. 
Walters, and their office address is 20, Campden 
Hill-square, London, W.8. 


JOURNAL OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

In May, 1940, it was announced that, beginning 
in the following January, the Journal of the Institu- 
tion of Electrical Engineers would be issued in three 
parts, the first of which would contain addresses 
and lectures of a general character, accounts of the 
formal proceedings and notes and obituary notices, 
as well as abstracts of all the papers read. The 
other two parts were to cover “‘ power engineering ” 
and ‘‘communication engineering,” respectively. 
This alteration, it was stated, had been under con- 
sideration for some time, owing to the increasingly 
specialised character of much of the material pub- 
lished, but action had been accelerated by paper 
rationing and rising costs. It is now announced 
that, for much the same reasons, with the volume 
commencing in January, 1949, a monthly publica- 
tion entitled The Journal, will be issued free to all 
members and will contain a Foreword and Institu- 
tion Notes, as they appear in the present Part I. 
It will also contain abstracts of the papers. The 
present Part I of the Journal will continue to appear 
under the title of Proceedings, Part I, but will be 
issued in alternate months instead of monthly. 
The present Parts II and III of the Journal will 
be entitled Proceedings, Part II, and Proceedings, 


Part III; and will also be published in alternate 
months. As before, Part II will cover the proceed- 
ings of the Installations, Measurements and Trans- 
mission Sections and, Part III those of the Radio 
Section. The new monthly Journal and Proceedings, 
Part I, will be issued free to all members, though 
application must be made to the Institution if Part I 
is required. As before, Parts II and III will only 
be issued on payment of 5s. per annum in each case. 
To Students and Graduates up to the age of 28 years, 
however, the charge will only be 2s. 6d. per annum. 
Individual numbers of Parts II and III will also 
be available at a charge of 2s. 6d. each. It is 
estimated that in this way paper consumption will 
be reduced by about 25 per cent., although the 
cost of production and distribution will remain 
the same as at present. -Free advance copies of 
papers read at meetings will still be available on 
application to the secretary at Savoy-place, Victoria 
Embankment, London, W.C.2. 


THE OLD CENTRALIANS. 


The 38th annual dinner of the Old Centralians 
—the association of former students of the City 
and Guilds (Engineering) College and the Finsbury 
Technical College—was held on Friday, July 2, in 
the hall of the Worshipful Company of Drapers, 
London, E.C.2, the chair being taken by the Presi- 
dent, Mr. A. C. Hartley, C.B.E., F.C.G.I. The toast 
of ‘“‘The Old Centralians, and the City and Guilds 
College” was proposed by Brigadier J. French, 
C.B.E., T.D., Junior Warden of the Drapers’ Com- 
pany, who spoke of the long and intimate association 
of the City Livery Companies with the Institute and 
the interest taken by his own Company in promoting 
technical education. When the Cooper’s Hill College 
was closed, he continued, the City and Guilds 
Institute took over the training of those students, 
the results of whose work was to be found all over 
India, where the reputation of British engineers 
never stood higher than it did at the present time. 
What was needed especially to-day was a greater 
sense of responsibility in men towards their work, 
and that sense the College inculcated with great 
success. Mr. Hartley, in responding to the toast, 
recalled that he had been fortunate, on entering the 
College in 1908, to find there Unwin, Dalby, Henrici 
and Armstrong—a quartette of remarkable pro- 
fessors, to whose influence he was glad to pay 
tribute. The Old Centralians was such a broad 
cross-section of the community that it should be 
able to be of great service to its members. The 
Manchester branch was 26 or 27 years old, the 
Newcastle branch had been revived since the war, 
and new branches had been formed at Birmingham 
land Bristol. The Dean of the College (Professor 
A. J. S. Pippard) also responded. In 1938, he said, 
the City and Guilds College had 520 full-time and 
88 part-time engineering students; in 1948, the 
corresponding figures were 688 and 131. At present, 
between 80 and 90 per cent. of those attending 
were ex-Service men, and, in his opinion, the 
College had never held a keener body of students. 
The pre-war number of those undertaking post- 
graduate work was 85; the present number was 
241, which showed how well the College was 
developing its post-graduate work, in accordance 
with the terms of its Charter. A recent analysis of 
corporate members of the Institution of Civil 
Engineers showed that 8 per cent. of the Associate- 
Members and nearly 9 per cent. of the Members 
were old City and Guilds men. The proceedings 
concluded with a toast to ‘‘ The Guests,” proposed 
by Mr. W. H. G. Roach, M.B.E., and acknowledged 
by Mr. Percy Good, C.B.E., F.C.G.1., President of the 
Institution of Electrica] Engineers. 





INSTITUTION OF ELECTRICAL ENGINEERS.—AlTange- 
ments have been made to hold the summer visit of the 
Transmission Section of the Institution of Electrical 
Engineers in Buxton from September 10 to 12. The high- 
voltage porcelain insulator works of Messrs. Taylor, 
Tunnicliff and Company, Limited, at Stone, and the 
firm’s laboratory at Hanley, will be visited on September 
10 and the Meaford power station and two substations of 
the Midlands Electricity Board will be inspected on 
September 11. A motor-coach tour of the Peak District 
has been arranged for September 12. Further particulars 
may be obtained from the secretary of the Section, 
Savoy-place, London, W.C.2. 
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LETTERS TO THE EDITOR. 


THE ADMINISTRATION OF PORTS. 
To THe Eprror oF ENGINEERING. 


Str,—I feel that Mr. E. D. Hawksley’s letter, 
published in your issue of May 28, on page 520, 
should not go unanswered, although perhaps I was 
a little hard on the turn-round times achieved at 
Beira, in using the extreme cases as illustrations 
in my recent paper read to the Institute of Trans- 
port. No doubt he will recall the case of the Clan 
Line steamer which spent 85/86 days, including 
waiting, unloading and loading, in the port last 
year, and one of Messrs. Bullard King’s steamers 
waited almost as long about the same time, I believe. 
I do not doubt there were good reasons for the 
delays to these particular vessels, but whatever 
these may have been, it is a long time to keep idle 
an expensive item of capital equipment like a ship. 

In February of this year waiting times had been 
greatly reduced, but this, I think was due as much 
to the diversion of ships, and to the conference lines 
discontinuing scheduled calls at the port, as to any 
speeding up in port working. One of the leading 
firms of loading brokers still prints a warning in 
current lists that cargo consigned through the 
port is liable to delays, which is not a good advertise- 
ment. I am glad to hear that matters have 
been considerably improved recently. The truth is, 
of course, that Beira, in common with certain other 
East African ports, was never designed to handle 
the flood of shipping tonnage that has been routed 
through it since hostilities ended, and a study of 
port capacities both by port managements and the 
various shipping conference committees would be 
well repaid, by reducing ship delays to reasonable 
proportions. 

Yours faithfully, 

; W. A. Frere, A.M. Inst.T. 
6, Valentines Road, 

Ilford, Essex. 

June 30, 1948. 





ENGINEERING UNITS OF FORCE. 
To THE Eprtor or ENGINEERING. 


Str,—As the originator of this stone in the mill- 
pond, I want to thank those people who have 
written on the subject so far. Some have tried to 
simplify the problem while others, I think, have 
made it more complicated. All, however, have 
contributed something of value to the discussion. 
Readers of these letters will be amazed that with all 
our advances in engineering we cannot yet reach 
universal agreement on the fundamentals of our 
science. Perhaps the engineering societies could 
arrange a convention on such matters. However, 
at this stage could I be allowed to draw attention 
to certain salient points ? 

The correspondence indicates two main problems : 
(a) the confusion (mainly to students) of using the 
word “* pound ” for both mass and weight ; (b) that 
if we use the gravitational unit pound force and unit 
pound mass we do not geteunit acceleration in the 
equation F=—ma. For the solution of (a) it 
may be said that, in this atomic age, we seem to 
forget that the use of ‘‘ pound ” for weight originally 
arose not to confuse but to simplify. People using 
masses to “ weigh” apples and so on, naturally 
found it simple to use the same name for the weights 
of those masses. Students are only confused 
because they are not clear on the difference between 
mass and weight. At school we were taught always 
to say “ pound weight ” when force was indicated 
and ** pound ” when referring to mass. The slight 
difference in names overcomes any confusion in 
early stages and later can be conveniently omitted. 

After a number of years we develop the habit of 
automatically correcting for g in force, kinetic 
energy, and other functions based on acceleration. 
For ease of teaching, however, the following solutions 
to (6) are proposed (among others) : 

(i) The “‘absolutists ’’ propose a different unit 
of force—the poundal—such that 1 poundal acting 
on 1 pound produces an acceleration of 1 ft. per 
second per second. (ii) The “ sluggists ” propose a 


different unit of mass—the slug—such that 1 pound 
(wt.) acting on 1 slug produces an acceleration of 
1 ft. per second per second. (iii) It is left to me 
to propose, very timidly, a different unit of accelera- 
tion—the “‘ gravity ”—so that 1 pound (wt.) acting 
on 1 pound produces an acceleration of 1 gravity. 
A gravity is defined as the acceleration of any 
falling body and equals g (say, 32-2 ft. per second 
per second). 

Let me illustrate my idea by a simple example : 
a car “ weighing” 1,000 lb. is given an acceleration 
of 64-4 ft. per second per second. Find the applied 
force (in gravitational units). 

Answer: In the gravitational system 


Acceleration gravities 


ao 64- 
~ 32-2 
2 gravities, 


I 


or twice times the acceleration of gravity. 
Now F 


ma 
1,000 x 2 
2,000 Ib. (wt.). 


The idea has several advantages including: 
(1) The simple rule would be, when working in the 
gravitational system of units just convert accelera- 
tions to gravities—that is all. This would also apply 
to functions of acceleration such as kinetic energy, 
centrifugal force and torque. (2) Unlike the 
** poundal ”’ and “‘ slug,” a “‘ gravity ” is a common 
and familiar conception dating back to Galileo, 
and can be experienced by the simple process of 
dropping something heavy. (3) It has all the 
advantages and few of the disadvantages of the 
“*slug.”’ (4) Acceleration is less common in engineer- 
ing derived functions than are force and mass, so 
that the effect of the new unit on names is less devas- 
tating than the slug. (We avoid the use of “slugs 
ft.*’’ for moment of inertia, for instance.) (5) The 
idea is not unique in science. The unit “ atmo- 
sphere ” (so many times the pressure of 1 “‘ atmo- 
sphere ’’) has been successfully proved in practice 
over a number of years. 

Will your correspondents please critically examine 
this simple idea for me, especially in comparison with 
the slug? I am ready for both bouquets and brick- 
bats. 


Yours faithfully, 
K. S. LENNIE. 
Sydney Technical College, 
N.S.W., Australia. 
June 16, 1948. 


To THE Eprtor oF ENGINEERING. 


Sm,—At page 9 of Dynamics of Rolation, by 
A. M. Worthington, M.A., F.R.S., the author 
recommends that the word pound should be used 
when force is meant and lb. when mass is meant. 
I have used a slight variant of this method for many 
years when coaching students. The variant is that 
I don’t use the word pound (because of its double 
meaning), but instead say ““p nd” for force and 
“1 b” for mass. 

Yours faithfully, 
A. S. E. ACKERMANN. 

9, Rotherwick Road, 

Hampstead Garden Suburb, 
London, N.W.11. 
June 6, 1948. 





FLOW THROUGH STANDARD 
NOZZLES, ORIFICE PLATES AND 
VENTURI TUBES. 


To THE Eprror oF ENGINEERING. 


Sm,—I have only just had the opportunity of 
reading your issue of May 28, 1948. In it, I find 
a review of the book on “ Flow through Standard 
Nozzles, Orifice Plates and Venturi Tubes,” by J. R. 
Finniecombe. I notice that your reviewer, like 
Mr. Finniecombe, makes full reference to standards 
set up in Germany and in the United States, but 
fails altogether to mention, again like Mr. Finnie- 
combe, the British Standard Code B.S. 1042, on 
Flow Measurement, issued in 1943, which deals 





with the subject in a very comprehensive manner, 





and along somewhat similar lines to those of Mr. 
Finniecombe’s treatise. 

Tt is rather unfortunate that this British Standard 
should be so ignored. It so happens that I have 
just returned from the meeting on Flow Measure- 
ment (ISO/30) held in Paris by the International 
Organisation for Standardisation, at which the 
above-mentioned British Standard was exceedingly 
well received, and some parts of it adopted in extenso 
for the International Standard. 

Yours faithfully, 
New H. Turner, 
Chief Research Engineer. 

Scunthorpe, 

Lincolnshire. 

June 22, 1948. 





SOME LESSER-KNOWN TRACTION 
ENGINES. 


To tHe Eprror oF ENGINEERING. 

Str,—I was very much interested in the article 
on old traction engines, by Mr. Ronald A, Clark, 
in your issues of June 4 and 11, and had hoped that 
he would have mentioned Messrs. William Tasker 
and Sons, of the Waterloo Iron Works, near Andover, 
Hampshire, among the builders of such engines. 
They did not make many, it is true, but they did 
the whole of the work themselves, and, when I was 
serving part of my apprenticeship there, well over 
50 years ago, they had always one or two traction 
engines under construction. The firm used to 
exhibit their engines regularly at the annual Smith- 
field Club Show at Islington. 

One thing about them that I recall vividly was 
the extraordinary high quality of their workman- 
ship, which was as near to perfection as it could be. 
This was not so much a matter of compulsion as an 
expression of the pride of the workmen in their 
craftsmanship. There was no such thing as a 
milling or grinding machine in the works, and hand 
work was depended on to an extent that would seem 
shocking nowadays; for example, the flat-sided 
eccentric rods of the engines came to the fitters as 
black hammer forgings, to be finished all over with 
files and emery cloth. I can yet see in my mind 
our old foreman, John Dance, putting on his spec- 
tacles and moving the work so as to get the light 
from the window reflected from the finished surface. 
If this showed up the slightest want of flatness, 
or the least sign of a wave or ridge where a curve 
began, he would not pass it until the defect had been 
corrected. 

The cotter-holes in the piston rods, crossheads 
and strap-ended connecting rods were marked off 
and drilled by us with a row of holes (flat drills, 
of course), and then cut out with cross-cut chisels 
and finished by filing. It took a good man to make 
a perfect job of the big-end of a connecting rod 
under such conditions, and one wonders how many 
mechanics would be willing or able to do it now- 
adays. We worked, of course, a 54-hour week, 
starting at 6 a.m., and the only artificial light we 
had was a paraffin flare hung over the bench from 
a roof-beam, and one, or sometimes two, candles 
in home-made candlesticks at each vice. 

Mr. Clark mentioned the firm of Messrs. William 
Sparrow, Limited, of Martock, Somerset, as former 
traction-engine makers. This firm was started by 
a great-uncle of mine, and I remember seeing in 
Dorset, many years ago, a chaff-cutter with the 
name “George Parsons, Martock Iron Works” 
cast on the framing. I have been told that he was 
the originator of the mole-plough, as well as of 
many other ingenious devices. He emigrated to 
New Zealand, and the works were continued by 
Mr. William Sparrow, who had been his right-hand 
man. 

If Mr. Clark wishes to know more about the old 
Tasker engines, it is quite possible that the firm 
still have records, though they ceased making 
traction engines many years ago. 
Yours truly, 
R. H. Parsons. 

Upper Hazelhurst, 

Ticehurst, 
Sussex. 
July 5, 1948. 
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OBITUARY. 
MR. D. R. POBJOY. 


One of the victims of the air accident which 
occurred at Northolt on July 4 was Mr. Douglas 
Rudolf Pobjoy, the well-known aero-engine and 
airdraft designer. He was one of the passengers in 
the Skymaster of Scandinavian Air Lines which 
collided with the York aircraft of Transport Com- 
mand. Mr. Pobjoy was born at Bristol on March 15, 
1894, and received his education at the Merchant 
Venturers’ Technical College and at Bristol Univer- 
sity, obtaining the B.Sc. degree. He served in the 
Royal Artillery in France and Belgium from 1915-18, 
and afterwards in the Territorial Army Reserve with 
the rank of captain. In 1919 he joined the Bristol 
Aeroplane Company and worked for four years on 
the design and development of their aero engines. 
After serving in a similar capacity in the works of 
Armstrong-Siddeley Motors, Limited, he left in 
1924 to commence work on his own account. In 
1926, Mr. Pobjoy produced his own design of small 
geared radial engine, which was successfully type- 
tested in 1928. In 1930, he formed Pobjoy Air- 
motors, Limited, Hooton Park, Cheshire. In 1940, 
he joined Rotol Limited, where he developed the 
range of aircraft auxiliary gearboxes which have now 
been adopted as standard in many new aircraft. 
He also designed the Rotol auxiliary generating 
plant for aircraft, incorporating a small high-speed 
six-cylinder sleeve-valve engine, and, as chief 
engineer of the Auxiliaries Division of Rotol 
Limited, for some years, developed a range of cabin 
superchargers and air-conditioning equipment for 
aircraft. He was elected a Fellow of the Royal 
Aeronautical Society in 1944. 





THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 


Tue Second International Conference on Soil 
Mechanics and Foundation Engineering, and the 
Second World Conference on Underground Town 
Planning, were ceremonially opened simultaneously 
at an inaugural meeting held in the City Theatre of 
Rotterdam on Tuesday, June 22, 1948. The chair 
was taken by the President of the Organising 
Committee (Ir. J. P. van Bruggen, Chief Director 
of Public Works, Netherlands), who was accompanied 
on the platform by Dr. Ir. W. J. H. Harmsen, 
Director-General of the State Water Board and 
representative, at the Conference, of the Netherlands 
Government ; Ir. T. K. Huizinga, Director of the 
Soil Mechanics Laboratory, Delft; Ir. E. C. W. A. 
Geuze, Head of the Research Department of the 
Soil Mechanics Laboratory; Professor Karl von 
Terzaghi, President of the Permanent Committee for 
International Conferences on Soil Mechanics and 
Foundation Engineering ; and Professor P. Lavedan, 
President of the Permanent International Committee 
for Underground Town Planning. The occasion 
was honoured by the presence of a representative of 
H.M. the Queen of the Netherlands, in the person of 
Mr. K. P. van der Mandele. 

The chairman, in welcoming the delegates and 
members of the two conferences, expressed the 
appreciation of the Organising Committee of the 
recognition accorded to them by the numerous 
foreign Governments and learned societies who had 
sent official representatives to take part in the 
proceedings. The rapid development of science and 
the rise of new branches of engineering, he said, had 
made it desirable, some ten years ago, to bring 
together the engineers, architects and others who 
were interested in soil mechanics, as well as those 
who were concerned with those aspects of town 
planning associated with works below ground. 
International congresses were held in Cambridge, 
Massachusetts and in Paris, respectively, to deal 
with these subjects, and in both cases the results 
were considered to be of such value that permanent 
committees were set up to facilitate the organisation 
of further international contacts. Unfortunately, 
the second world war interrupted these arrange- 
ments, but, as soon as was possible, the committees 
had accepted the invitation of the Netherlands 





Government and of the municipality of Rotterdam 
to hold their Second Congresses in that city. The 
Organising Committee hoped that the conferences 
might be fruitful in promoting international and 
personal relations as well as the advancement of 
scientific knowledge. Mr. van Bruggen then 
invited Dr. Ir. Harmsen, as representative of the 
Netherlands Government, to address the meeting. 
Dr. Harmsen said that, but for the war, the Con- 
ference would have been held in 1940. The first 
conference had shown clearly how many engineers in 
the Netherlands were interested in the subject of 
soil mechanics ; a natural interest, since the greater 
part of the country offered many problems to the 
constructional engineer. The most densely populat- 
ed area was situated in the alluvial north and west, 
where the soil generally consisted of alternate 
layers, often very thick, of peat and clay, resting on 
a more stable layer of sand. As the original wooden 
buildings were replaced by heavier structures of 
masonry, piling became necessary; in fact, for 
centuries this had been the traditional method, and 
Dutch school children were told, to impress their 
minds with the size of the old Town Hall of Amster- 
dam, that it was erected on 13,659 piles. The 
construction of dikes and roads, on this soft subsoil, 
also presented difficulties which had led to the 
development of special expedients, such as the use 
of fascine mattresses. In modern times, engineers 
were guided more and more by contemplative 
science, laboratory experiments combining with field 
observations. In the present period of recon- 
struction, on a scale never equalled before, the 
progress of the knowledge of soil mechanics and 
foundation engineering was of primary importance. 
After repeating his address in French, Dr. Harm- 
sen, on behalf of the Netherlands Minister of 
Transport and Public Works, declared the two 
Conferences open. The chairman, having made 
appropriate acknowledgment to Dr. Harmsen on 
behalf of the delegates, then invited Professor 
Terzaghi, as President of the Permanent Committee 
for International Conferences on Soil Mechanics 
and Foundation Engineering, to deliver his president- 
ial address; this was reprinted on page 16, ante. 
Mr. van Bruggen, in acknowledging the address, said 
that the prolonged applause with which it was 
received was a tribute to a pioneer whose scientific 
insight had developed soil mechanics into one of the 
fundamental branches of civil engineering. 
Professor Lavedan, whose address followed, spoke 
in French, his remarks being subsequently repeated 
in English by Mr. Geuze. He recalled that the first 
““Congress of Underground Urbanism ”’ was held in 
Paris in 1937 under the presidency of Mr. Louis 
Bonnier. It was initiated by a French organisation 
known as the G.E.C.U.S. (Groupe d’Etudes du 
Centre Urbain Souterrain) and resulted in the 
foundation of a permanent committee, commonly 
referred to as the C.P.1.U.S. (Comité Permanent 
International de |I’Urbanisme Souterrain). Two 
years later, the outbreak of war had given a new and 
practical interest to technical research on under- 
ground constructional work. Reviewing the pro- 
gramme of the Congress over which he was to preside, 
he commented that the public did not always 
appreciate the precise aims of his organisation ; its 
primary purpose was not to plan underground living 
accommodation, but to extend knowledge of the 
earth from every angle, and even in its depths. 
The opening session concluded with a brief re- 
sponse by the chairman to Professor Lavedan’s 
address. On the previous evening, to enable the 
participants to meet their friends, an informal 
dinner had been held in the Kurhaus at Schevenin- 
gen, under the auspices of the Royal Netherlands 
Institution of Engineers, attended by the members 
of both conferences, and they met again at the close 
of the week’s functions. During the week, however, 
the two conferences held their meetings separately 
and our report of the technical sessions will deal with 
those of the Soil Mechanics Conference only. 
Tue Laporatory oF Som Mercuanics, Dexrr. 
There was no technical session on the opening day, 
June 22, but in the evening approximately half of 
the members visited the Soil Mechanics Laboratory 
at Delft, where they were received by the Director 
(Ir. T. K. Huizinga), the head of the research depart- 
ment (Ir. E. C..W. A. Geuze), the head of the 





consulting department (Ir. W. C. van Mierlo), and 
members of the Board. The remainder of the 
members and delegates visited the laboratory on 
the following evenings. Before inspecting the 
laboratory, and the demonstration of apparatus 
outside the building, those present gathered in 
one of the lecture theatres to hear a short explana- 
tory address by Mr. Geuze, describing the history of 
the establishment and the nature of the work 
undertaken there and in the field. 

In Holland, as in other countries, Mr. Geuze said, 
the systematic study of soils began after serious 
accidents had occurred; in this instance, the 
bursting of the Zuider Zee dikes in North Holland, 
and a railway accident near Weesp. As a result, a 
committee was appointed in 1920 by the Royal 
Netherlands Institute of Engineers, whose report 
was submitted in 1927. The late Professor Buisman, 
who lost his life in Java during the war, began his 
studies of the soil as a member of that committee, 
and it was due to him that the Delft Laboratory of 
Soil Mechanics was established in 1934. It was not 
subsidised by the Government—a factor which, in 
Mr. Geuze’s opinion, probably contributed to its 
rapid growth, as its activities developed, from the 
outset, out of the needs of practical civil engineering. 
At the present time, the Laboratory has a staff of 
more than 100, of whom more than half are actively 
engaged in making soundings and borings in the 
field. Initially, the principal activity was research 
work, but subsequently a special section was 
formed for this purpose, under Mr. Geuze’s direction. 

At the outset, Professor Buisman introduced the 
cone as a means of studying the strength of the soil. 
The so-called ‘“‘cone value ”’—the load applied, 
divided by the penetration—was found to be 
roughly seven times the cohesion. Naturally, it 
differed for loosely-packed and densely-packed 
sands and, as the density in the field was hard to 
determine, Professor Buisman developed his deep- 
sounding apparatus, subsequently improved as 
the result of experience. Barendze, at about the 
same time, constructed a hand sounding apparatus. 
Almost all soil investigations, Mr. Geuze continued, 
were begun by measuring the resistance of a cone, 
forced into the ground; this resistance, equal to 
about twice the cone value, was a rough measure 
of the strength of the soil. The information 
obtained by this and other means provided evidence 
of the homogeneity of the soil, thus indicating the 
most suitable positions for boring; the positions 
of the different strata, which was a guide to the 
points from which to take undisturbed soil samples ; 
the strength of the different layers, which was 
important in deciding the length and bearing capa- 
city of foundation piles ; and the pile friction to be 
expected—obtained by measuring the friction of 
the sounding tube as well as the cone resistance— 
from which it could be judged how deeply piles could 
be driven without resorting to special measures. 
As the effective ground pressures were generally 
lower in weak layers than in strong layers, the 
compressibility could be ascertained from the 
results of the soundings and, if the nature of the soil 
were known, an estimate could be made of the 
settlement to be expected. The hand-sounding 
apparatus could be used to apply pressures up to 
10 kg. per square centimetre; the medium appa- 
ratus, up to 50 kg. per square centimetre ; and the 
original type of deep-sounding apparatus, up to a 
total load of 10 tons. In addition to the soundings, 
the field investigations included the measurement 
of ground-water pressures, the making of borings, 
and the taking of samples of undisturbed soil. 

Laboratory investigations for which apparatus 
was provided included the determination of particle 
size and distribution ; of density, specific gravity, 
water content and air content ; of the liquid limit, 
plastic limit, plasticity index, and shrinkage ; the 
permeability of sands and cohesive soils; and the 
mechanical properties in compression and shear— 
though Mr. Geuze stated that the shear-test appa- 
ratus was seldom used at Delft. For research 
purposes, they possessed apparatus for torsion tests 
and the study of the critical density; and were 
engaged in investigating electro-osmosis, the pro- 
pagation of vibrations in soils, and the adsorption of 
water in clays. 

(To be continued.) 
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Fie. 1. 


‘¢ UNITRACTOR ”’ CULTIVATOR ; 


THE ROYAL AGRICULTURAL 
SHOW AT YORK. 


THe Royal Agricultural Society’s annual show, 


which opened at York on Tuesday, July 6, and closes | 
this evening, is the fourth Royal Show to be held | 
in the neighbourhood of York, three previous shows | 


having been held there in 1848, 1883 and 1900, 
respectively. The site of the present show, Knaves- 


mire, is just over 100 acres in extent and is the | 


same approximately as that for last year’s show, 

which was held at Linco. Owing to the shortage | 
of building materials, many sheep and pig entries | 
had to be refused; nevertheless, the aggregate | 
entry of livestock has been approximately the same | 
as for last year. The stands in the implement yard | 
number 535, an increase on last year, and the | 
exhibits cover a wide range of farming equipment. | 
Naturally, the number of new implements being | 
shown is not so high as at last year’s show, which | 
was the first to be held for eight years; however, 

37 new implements have been entered for the 
Society’s silver medal. 

The Royal Show is not confined to the exhibition 
of livestock and farming implements ; all phases of 
agriculture are represented on the various stands. | 
The National Master Farriers Association, for exam- | 


MEssks. 


| about by the increase in the population of the world 


| attention must be paid to the mechanisation of the | is fitted with a governor which can be operated from 


|available labour supply. 


Preeson Lowtep. Fie. 2. “ Hor-Mate”’ Liaut Tractor; Messrs. British Motor Boat 


MANUFACTURING Company, LIMITED. 


enough food in the world to give every person a| by Messrs. Pegson Limited, Coalville, Leicestershire. 


| fair ration, and recently Sir John Boyd Orr spoke |The Unitractor is fitted with a single-cylinder 


in no uncertain terms of the dangers brought | four-stroke, air-cooled, side-valve petrol engine 
| developing 1-2 h.p. The engine is splash lubricated 
and the parallel decrease in the general production | by a dipper fitted to the bottom of the connecting 
of food. This state of affairs makes it more neces- | rod, the sump having a capacity of one pint. Air 
sary than ever before for this country to increase her | cooling is accomplished by a ducted fan, the rotor 
production of food, and to achieve this, greater | of which is integral with the flywheel. The engine 


farms. It has been estimated that, during the | the handlebars by a throttle lever to give additional 
first half of this year, the labour force on the farms | power or speed, as required. As will be seen from the 
should have been increased by 45,000, whereas, at | illustration, the engine is arranged inside the single 
the end of the first quarter, the rise was only 8,000. | land wheel. The power is transmitted to the land 
Mechanisation, therefore, must have two objects,| wheel through a two-speed pulley drive which 
namely, to take the place of non-existent manpower, | gives alternative land speeds of approximately 
and to remove the drudgery from farming dnd|1} and 34 miles an hour, respectively, the final 
encourage a return to the land. | drive being through a pinion which engages in an 

It is gratifying, therefore, to see in the implement | internally-toothed ring integral with the land wheel 
section of the Royal Show many new mechanical |The land wheel revolves about eight steel guide 
aids to agriculture designed to facilitate the work | rollers; these are fitted to a steel frame, there 
and at the same time increase the output from the | being four rollers each side, the frame also serving to 
The exhibits cover all| support the engine. All moving parts of the 
aspects of farming, and it is of particular interest to | transmission are fitted with oil-fed bronze bushes 
note the increasing interest shown in the production | which work in conjunction with hollow shafts, the 
of implements for horticultural work. The import- | shafts forming reservoirs for the lubricant. The 
ance attending the horticultural industry may be | handlebars are shaped from steel tubes and are 
gauged by the fact that recently the National | fitted to the frame so that they can be locked in 
Institute of Agricultural Engineering formed a three different positions, thus enabling the operator 





ple, is giving demonstrations of welding and is | separate section to deal with the problems of | to control the implement from either side or from 


holding competitions for horse shoeing and wrought- | horticultural mechanisation which, in some respects, | immediately behind. A fuel tank having a capacity 
iron work, while the Rural Industries Bureau has | are greater even than those encountered in agricul- | of $ gallon is fitted to the side of the engine and dust 
arranged demonstrations by blacksmiths, saddlers, | ture. The horticulturalist often grows in the course | is prevented from entering the induction system by 


wheelwrights and carpenters. In the educational| of a year more than one crop on the same piece 





section, the Ministry of Food are showing how to | 
make the best use of our available food supplies, | 
and other items of current interest, while the dis- | 
play of the Milk Marketing Board is designed to | 
encourage the dairy farmer to increase and improve | 
production methods and to show the many ways in | 
which the Board provide help and advice. 
Probably the most interesting exhibit in the educa- 
tional section, however, is that staged by the 
Ministry of Agriculture, and entitled “ Farming 
To-day.” It shows some of the methods by which 
the Government’s policy of agricultural expansion 
may be implemented. To-day there can be little 
argument regarding the necessity for expanding the 
agricultural industry, the days of cheap imported 
food being over. At present there is said not to be 


} 





of land. Furthermore, usually he requires deep 
tillage and his tractor is expected to perform all 
the operations carried out by farm tractors. It is 
appropriate, therefore, to commence our descrip- 
tion of the exhibits at the Royal Show by describing 
some of the horitcultural implements. 

A type of implement that is gaining in popularity 
is the single-wheel cultivator, the most striking 
feature of which is the low overall width which 
permits their use among growing crops. Further- 
more, their ability to pivot about the single wheel 
renders this class of cultivator exceptionally easy to 
handle in confined spaces and reduces the headlands 
toa minimum. A good example of such an imple- 
ment is furnished by the Unitractor, which is illus- 
trated in Fig. 1, on this page, and is manufactured 


an air filter; this is of the copper-wool type and is 
fitted to the end of an extension pipe in order to 
keep it clear from the ground. The tool carrier is 
bolted directly to the main frame of the machine 
and can be arranged either towards the front or 
rear of the land wheel. Obviously, the machine is 
capable of performing a variety of tasks ranging 
from hoeing and cultivating to light ploughing. 
Probably the most widely used implements for 
horticultural work is the two-wheeled tractor. 
These machines have been developed to a remark- 
able extent and can accomplish, on a reduced scale, 
many of the functions carried out by agricultural 
tractors. Recently, the agricultural division of 
Messrs. British Motor Boat Manufacturing Company, 
Limited, Britannia House, Ampton-street, London, 
W.C.1, reintroduced their light two-wheeled tractor, 
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Fig. 3. 








Rotary Cuutivator ; Messrs. CLirrorRD AERO AND AvTO, LIMITED. 








the Hoe-Mate, production of which was discon- 
tinued during the war, so that the firm could con- 
centrate on their 6-h.p. tractor, the Plow-Mate. 
The Hoe-Mate is illustrated in Fig. 2, opposite, 
and, although basically similar to its predecessor, 
has been improved considerably and incorporates 
many new features. It is intended primarily for 
row-crop work, but its range of operations includes 
ridging, disc-cultivating and seeding. Furthermore, 
a 30-in. cutter bar can be fitted, thus rendering the 
machine capable of cutting grass in confined and 
awkwardly shaped spaces inaccessible to a tractor 
or horse-drawn mower. The Hoe-Mate is fitted 
with a single-cylinder, 1}-h.p., two-stroke, air-cooled 
petrol engine. The engine has a bore and stroke 
of 50 mm. and is fitted with an aluminium-alloy 
piston ; this is provided with two rings pegged in 
position so as to prevent rotation. The connecting 
rod is a steel forging and is fitted with a roller-type 
big-end bearing, the diameter of the rollers being 
#; in. The crankshaft is manufactured from heat- 
treated manganese-molybdenum steel and is carried 
by four ball bearings, two on each side. A flywheel 
type of magneto is fitted directly to the crankshaft ; 
the magneto also incorporates a cooling fan, the 
casing of which serves to support the stationary 
component of the magneto. This arrangement gives 
access to the magneto contact-breaker without 
removal of any engine parts, and at the same time 
permits the ingoing air to assist in cooling the 
crankcase. The engine is lubricated on the petroil 
system, a petrol-oil mixture of 25 to 1 being used. 





a 
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Mopet “C’’ Curtivaton; Messrs. CLIFFORD AERO AND Auto, LIMITED. 


As will be seen from the illustration, it is enclosed 
completely by a bonnet; this is hinged so that it 
can be swung back to give access to the engine. 
The drive from the engine is transmitted to the 
reduction gearbox through a single V-belt and 
pulleys, the idler pulley for the belt acting as a 
clutch. The standard machine is fitted with 20 in. 
by 4 in. pneumatic tyres on detachable rims, but 
| steel wheels can be fitted if required. The wheel 
| track is adjustable between the limits of 14 in. and 
|21 in., while over-running ratchets fitted to each 
| wheel enable the tractor to be turned on one wheel. 
The clutch and throttle controls are fitted to the 
handlebars and the machine has a speed range of 
1 to 24 miles an hour. The tool carriage provides 
universal adjustment for row-crop work and allows 
the implements to be steered independently of the 
|tractor. The ground clearance is 9 in. and, when 
| fitted with rubber tyres, the Hoe-Mate weighs 196 lb. 

The operations entailed in the preparation of a 
seed bed can be reduced substantially by the use 
of rotary cultivators. Basically, these implements 
consist of a number of steel tines projecting from a 
horizontal rotor. The rotor is power driven and its 
height above the ground is adjusted so that, as the 
rotor revolves, the tines break up the soil. A good 
example of this class of machine is illustrated in 
Fig. 3, on this page. It is known as the Clifford 
rotary cultivator and is being exhibited by the 
manufacturers, Messrs. Clifford Aero and Auto, 
Limited, Spring-road, Hall Green, Birmingham, 11. 
The machine is powered by a single-cylinder four- 








stroke air-cooled petrol engine having a bore and 
stroke of 80 mm. and 82 mm., respectively, and 
capable of developing 43 brake horse-power. The 
engine is lubricated by splash, the sump having a 
capacity of one quart, while cooling is accomplished 
by a ducted fan, the rotor of which is integral with 
the flywheel. The engine is set across the frame of 
the machine and the drive is transmitted to the 
gearbox through a reduction gear, the driven 
member of which rotates about the main shaft ; 
the output from the driven member is trans- 
mitted to the main shaft by engagement of a dog 
clutch. Integral with the main shaft is a worm, 
which meshes with a worm wheel fitted to the axle 
for the landwheels, so that engagement of the dog 
clutch causes the drive to be transmitted to the 
landwheels. At the rear end of the main shaft is 
a further dog clutch, which, on being engaged, 
transmits the drive through a propeller shaft to 
the live axle of the cultivator mechanism, the drive 
to the axle being transferred through bevel gearing. 
The tine-holding brackets are clamped directly to 
the axle shafts, there being a total of 12 tines, 
six on each side of the propeller shaft. This gives a 
width of work equal to 22 in., but a 16-in. cultivator 
is available; alternatively, additional equipment 
can be supplied with the 22-in. model to convert it 
to 16 in. As will be seen from the illustration, the 
tines incorporate springs, thus reducing the risk of 
fracture to a minimum; nevertheless, they have 
been designed so that, in case of damage due to 
striking a hidden obstruction, a replacement can 
be fitted in less than a minute, the only tool required 
being a hammer. The gear ratios of the drives to 
the cultivator and the landwheels have been 
arranged so that, when the machine is driven 
forward at walking speed, the cultivator rotates at 
approximately 220 r.p.m. "The landwheel and 
cultivator clutch controls are fitted to the steering 
arms, within easy reach of the operator. The 
steering arms, in turn, can be fixed in three different 
positions, so that the operator may walk behind 
or on either side of the machine. The cultivator 
mechanism is covered by a hood, which prevents 
the tilth from being scattered and thereby protects 
the operator. The back of the hood is covered by 
hinged slats, so as to prevent a rigid surface from 
being presented to unbreakable material thrown up 
by the tines. A noteworthy feature of the machine 
is the fact that the cultivator mechanism can be 
removed as a single unit and replaced by a horse-hoe 
attachment, a plough, a multiple seed drill, or a 
ridging attachment. These units are fitted with 
comparative ease, the complete operation involving 
the removal and replacement of only two 4-in. nuts. 
As illustrated, the machine has a weight of approxi- 
mately 4 cwt.,and an overall track width of 24 in. 
The wheels have a diameter of 18 in. and a width 
of 7 in., while the maximum depth of tilth that 
can be prepared is 9 in. 

Messrs. Clifford Aero and Auto, Limited, are also 
showing the model ““C” cultivator illustrated in 
Fig. 4, on this page. The purpose of this machine 
is to provide an efficient inter-row crop tool, and 
it is not intended as a rotary cultivator, as in the 
larger machine. Eight spring tines are fitted and 
these cover a width of 11 in., the maximum depth 
of working being 3 in. It is powered by a J.A.P. 
four-stroke petrol engine having a cubic capacity 
of 98 c.c. and developing 1-2 brake horse-power at 
2,500 r.p.m. As on the larger machine, both 
forward-motion and cultivator dog clutches are 
controlled from the steering arms, and, at 1 m.p.h., 
the cultivator rotates at 225 r.p.m. The machine 
has an overall width and height of 12 in. and 30 in., 
respectively, while the weight is approximately 
2 cwt. The machine should prove exceptionally 
useful for hoeing, as the weeds are not, only dis- 
turbed, but destroyed. 

(To be continued.) 





‘*THE NICKEL BULLETIN ”.—The current issue of The 
Nickel Bulletin, issued by the Mond Nickel Company, 
Limited, Grosvenor House, Park-lane, W.1, contains an 
interesting article on the production of castings in high- 
duty grey iron. In addition, there are many abstracts 
concerning ferrous and non-ferrous materials and covering 
electro-deposition, constructional steels and heat- and 





corrosion-resisting alloys. 
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LABOUR NOTES. 


FOLLOWING on the resolutions, passed in London on 
the recommendation of their unofficial leaders, there 
was a complete return to work by the London and 
Merseyside dockers on June 30, and reports show that 
they have since been working well. It will, however, 
take several months to make good arrears and bring 
shipping schedules back to normal. The willingness of 
the London dockers to work overtime, and thereby 
regain some of the wages lost through the strike, 
received a check, on the first day back, by the closing 
down of work on meat ships in the Royal group of 
docks at 5 p.m. Under normal conditions, two hours 
overtime, from 5 p.m., is frequently worked during 
five days of the week, at higher rates of pay. With the 
exception of the instance mentioned, overtime on a 
considerable scale has been worked in this way since the 
end of the strike. In addition, work done by the men 
on Sunday, which is very infrequent, was allowed to 
count as overtime. been. 

Speaking at Bristol, after the strike had been settled, 
Mr. Alfred Barnes, Minister of Transport, said that the 
unofficial dock strike had delayed the turn-round of 
250 ships, representing 890,000 tons of British shipping, 
from one to fourteen days; a loss in earning power of 
880,0007. The cost of the strike to the dockers will 
also be heavy. No wages were paid last week to those 
who had been on strike, although they were able, in 
many cases, to claim a refund of income tax. Yester- 
day, most of them had only three days’ pay due to them, 
apart from the question of their being entitled to 
attendance money and the guaranteed weekly minimum. 
Tn some past strikes, men who have returned for part of 
a week only, have been unable to claim the benefits of 
the dock labour scheme for that week. 


Earlier in the week, the National Dock Labour 
Board decided to make loans of up to 3/. to enable the 
men to repay income-tax refunds made to them, and 
to tide them over their domestic difficulties. It is 
understood that these loans are repayable to the Board 
in one amount but that, where this causes undue 
hardship, further loans will be made. 





A meeting took place in London, on July 1, between 
members of the National Dock Labour Board and 
Mr. Arthur Deakin, general secretary of the Transport 
and General Workers’ Union, who was accompanied by 
Mr. Arthur Bird, national secretary of the union’s dock 
group. Matters arising out of the strike were discussed, 
especially the disciplinary clauses of the dock labour 
scheme. Mr. Deakin made representations about the 
desire to work overtime, which had reached the union 
from the men. He also referred to the men at work in 
the Royal group of docks being prevented from working 
overtime there on June 30. Mr. Deakin stated that he 
had been in touch with the Ministry of Transport direct 
to secure the removal of the overtime ban. Mr. Deakin 
and the Board met again last Tuesday, when the appeal 
tribunal’s findings were discussed. 





The United Kingdom Joint Wages Board has 
refused an application by the unions concerned for an 
increase of 3d. an hour for employees in the vehicle- 
building industry. This announcement follows a 
meeting at Harrogate between the Board and members 
of the National Union of Vehicle Builders and the 
Amalgamated Society of Woodcutting Machinists. 
Two previous meetings had been held in other parts of 
the country in an endeavour to reach an agreement. 
Mr. H. Halliwell, general secretary of the National 
Union of Vehicle Builders, in announcing the Board’s 
decision, stated that the union were placing a ban on 
all overtime in federated shops, as from a date to be 
decided, as a first step towards obtaining satisfaction 
for their demands. 





Mr. T. W. Kerry, President of the Nationa] Union of 
General and Municipal Workers, in his opening address 
to the union’s annual conference at Torquay, cautioned 
the delegates against place seekers who wanted to get 
control of the unions for ulterior motives. He said that 
there were many such, and they all told a similar story, 
which suggested some central directing force behind 
them. Mr. Kerry said that members of the union were 
strong advocates of industrial freedom and that they 
would continue to fight against attempts to saddle them 
with anything which was totalitarian or dictatorial. 





At the same conference, Mr. T. Williamson, secretary 
of the National Union of General and Municipal Work- 
ers, presented a resolution in support of the endorsement 
by the Trades Union Congress, of the Government’s 
wage policy. The resolution, which was carried by an 
overwhelming majority, emphasised the union’s deter- 
mination to protect the standard of living of its members 





and called upon the Government to reduce prices as 
well as profits. It also urged the need for increased 
output. In moving the resolution, Mr. Williamson, 
who is a member of the special economic committee of 
the Trades Union Congress, said that Britain’s work- 
people have better conditions and wages than ever 
before. He asked that, in return, they should give 
sixty minutes’ hard work in every working hour. 


Mr. Williamson also said that unofficial strikes were 
undermining the country’s economy and that unions 
who tried to obtain selfish demands by force were 
breaking pledges to the Government. Regarding 
demands for higher wages, he considered that the 
unions stood to gain more by the maintenance of wages 
at their present level, provided that this wage stabilisa- 
tion was accompanied by a substantial reduction in 
prices. There was no question of the freezing of wages, 
but it was suggested that unions, in submitting demands 
for increases, should exercise reason and restraint. 


In his presidential address to the annual conference 
of the National Union of Railwaymen at New Brighton, 
Mr. W. T. Potter announced that negotiations were 
taking place to obtain additional improvements in 
working conditions, and that the attainment of these 
amenities would result in considerably increased 
expenditure for the industry. Concessions to the 
railwaymen in wages and hours of work, already 
obtained, were costing British Railways many millions 
of pounds and it was all reaching the pockets of the 
union’s members. Stating that the Transport Act laid 
it down that the industry must pay its way, he 
emphasised the need for avoiding Government sub- 
sidies. He added that, given good management and 
a fair day’s work from every employee, the railways 
could provide decent working conditions for the men 
and a satisfactory service for the public. The union 
must remain independent but, within the framework 
provided, its officials and representatives must be able 
to influence the industry in the interests of all con- 
cerned. =e 

Mr. Potter welcomed the appointment of Mr. J. 
Benstead, formerly the union’s general secretary, to 
the Transport Commission, but considered that his 
appointment was insufficient. An organisation such as 
the National Union of Railwaymen, with nearly half a 
million members, should be given a larger representation 
in the scheme of national control. This question was 
brought up again, on Tuesday, by Mr. J. B. Figgins, 
the union’s general secretary, who considered that, 
instead of one representative only on the Transport 
Commission, the union ought to have at least three 
more, to bring them to a position of equality with the 
other interests involved. The union’s executive 
committee was instructed to ask for an early interview 
with Mr. Alfred Barnes, the Minister of Transport, to 
urge that a larger share in the control of the railways 
should be given to the union ana that, to begin with, the 
union should have a larger representation on the 
Transport Commission ana on the Railway Executive 
Committee. 





Other matters discussed at the railwaymen’s con- 
ference included promotion from the lower grades. 
Mr. Figgins asked that the union should have powers of 
determination as well as of decision. They must be 
able to say who was to be promoted and who demoted. 
At present, men in the wage grades could apply for 
promotion to some supervisory grades but it was the 
responsibility for the management alone to decide, and 
this must be alteréd. A resolution was carried 
unanimously, stating that it was an indisputable right 
for all wage grades to progress to all supervisory and 
administrative positions, and that employees’ represen- 
tatives in sectional councils, works committees, and 
other committees, should have equal rights with the 
management in determining all matters appertaining 
to the industry. The proposed amalgamation of the 
union with the Amalgamated Society of Locomotive 
Engineers and Firemen, and the Railway Clerks’ 
Association is being considered by the conference. 





It was anticipated by Mr. Will Lawther, in his 
presidential address to the annual conference of the 
National Union of Mineworkers at Whitley Bay, 
Northumberland, that the forthcoming accounts of 
the National Coal Board will show a deficit of some 
twenty-five million pounds. The loss, he said, was 
largely attributable to long-overdue improvements in the 
miners’ conditions: the Coal Board having conceded 
many of the miners’ claims during the past 18 months. 
Mr. Lawther condemned unofficial stoppages as criminal 
and said that they would not be tolerated. It was 
regrettable, he added, that some miners should believe 
themselves still free to pursue the ways of the past. 





CORROSION-RESISTANT 
ALUMINIUM-MAGNESIUM ALLOYS .* 


By P. Brenner, Dr. Ing., anp W. Rots, Dr. Ing. 


OF the aluminium alloys, those of the aluminium. 
magnesium type are of special interest, since in both the 
supersaturated-solid-solution and the aged states they 
show no marked age-hardening, although the solubility 
of magnesium is very large and decreases rapidly with 
decreasing temperature. In alloys of very high 
magnesium content (10 per cent.), more marked changes 
have, of course, been observed, especially in the proof- 
stress and elongation values in the temperature ranve 
100 deg. to 300 deg. C. These changes are preceded 
by grain-boundary precipitation and are accompanird 
later by precipitation within the grains. Despite this, 
the processes of solubility and decomposition of the solid 
solution in aluminium-magnesium alloys are connected 
with essentially much smaller changes of the mechanical 
and forming properties than in the case of the age- 
hardening aluminium alloys, such as aluminium. 
copper-magnesium, aluminium-magnesium-silicon, and 
aluminium-zine-magnesium. For this reason, thie 
aluminium-magnesium alloys are frequently referred to 
as ‘‘ non-age-hardening.” 

For practical purposes this property is sometimes a 
disadvantage because these alloys cannot be adapted so 
easily to the manufacturing processes as can the usual 
age-hardening alloys, which can be used in a more- 
ductile and weaker state or in a stronger and less- 
ductile state by suitable choice of thermal treatment. 
For example, Duralumin sheets are formed in the 
annealed or “ as-quenched ” condition, while in service 
the finished parts are used in the age-hardened con- 
dition. It is well known that, in the aircraft industry, 
Duralumin sheets are formed in the fairly soft condition 
immediately after quenching, and that to obtain high 
strength without additional heat-treatment, the finished 
parts are stored for some days at room temperature. 

Since the mechanical and forming properties of 
aluminium-magnesium alloys are practically unchanged 
by thermal treatment, these alloys must be formed in 
the condition in which they are usedin service. If high 
strength in the finished structural] parts is required, a 
correspondingly highly-alloyed material must be used, 
and all the disadvantages resulting from high megnesium 
content, especially the reduced formability, must be 
accepted. On the other hand, this effect allows more 
freedom in the choice of the heat-treatment of the 
aluminium-magnesium alloys than is the case with the 
usual age-hardening aluminium alloys. For example, in 
alloys of the aluminium-magnesium-silicon type a 
choice has to be made between maximum strength or 
maximum corrosion-resistance, since the condition of 
highest strength does not correspond with that of 
maximum corrosion-resistance. The fact that in the 
aluminium-magnesium alloys the mechanical] properties 
are practically independent of the thermal treatment 
enables the heat-treatment to be selected so that other 
properties, such as corrosion-resistance, reach optimum 
values. This viewpoint is the basis of the investigations 
described in this paper. The work was completed in 
the research laboratories of the Vereinigte Leichtmetall- 
Werke, Hanover, and is published with the sanction 
of the Ministry of Supply. 

Investigations were planned with the object of 
determining the most suitable heat-treatment for 
aluminium-magnesium alloys containing 5 to 9 per cent. 
magnesium and of observing the effect of some of the 
most promising additions of small amounts of other 
metals in combination with the heat-treatment. Since 
the results of previous investigations were frequently 
incomplete and were sometimes contradictory, experi- 
ments were carried out to check the anomalies reported. 
In addition, some fundamental questions as to the 
influence of the amount of magnesium and the purity 
of the original aluminium used for the manufacture of 
aluminium-magnesium alloys had to be resolved. 

The alloys employed were melted in the ordinary way, 
éast into 150-mm. (6-in.)-diameter chill moulds and 
extruded to bars of a cross-section of 100 mm. by 
20 mm. (4 in. by 0-8 in.) which were hot rolled to 
6 mm. (0-24 in.) thickness and then cold rolled to the 
finished gauge. The cold reduction between annealing 
treatments at 380 deg. to 400 deg. C. was 20 to 50 per 
cent., depending on the magnesium content of the 
different alloys. 

For the corrosion tests without stress, the immersion 
method described in the German Specification D.I.N. 
E4853 was used. The electrolyte, which is stirred, is a 
solution of 3 per cent. sodium chloride containing 
0-1 per cent. hydrogen peroxide. The immersed 
specimens (200 mm. long and 1-0 mm. thick) have the 
shape of the finished tensile test-pieces. The corrosion- 
resistance is measured by the loss of tensile strength 
and elongation after various periods of corrosion. Each 





* Paper entitled ‘‘ Recent Developments in Corrosion- 
Resistant Aluminium-Magnesium Alloys,” presented 
before the Institute of Metals, on Thursday, March 18, 
1948. Abridged. 
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Fie. 3. HomoGEntsEeD, WATER QUENCHED 
AND AGED. 500. 


of the established values is the average of three speci- 
mens. This method has proved successful as an 
accelerated sea-water corrosion test for aluminium 
alloys and has been investigated in conjunction with 
extensive comparative corrosion tests in the North 
Sea. Because of its good reproducibility and accuracy, 
and the uniformity of the corrosion attack over the 
whole surface of the specimens, this method appears 
to be particularly suitable for research work. 

For the stress-corrosion tests, an immersion method, 
described by the authors in an earlier paper, was 
employed. The specimens are placed in a vertical 
position with the lower ends fixed at the bottom of a 
container, while the upper ends bear levers loaded by 
weights. Any desired bending stress can be produced 


in the specimens by choice of a suitable weight. | 


The applied bending stresses are 10 kg. and 15 kg. 
per square millimetre. The container is filled with a 
solution of 3 per cent. sodium chloride containing 1 
per cent. by weight of hydrochloric acid. The stress- 
corrosion-resistance is measured by determining the 
time for which the specimens resist a certain bending 
stress. Failure occurs by fracture or by yielding. The 
type of failure is denoted in the tables of results. 
Every result is based on tests of two specimens, which 
generally show good agreement. 

The fractures always had a brittle appearance, 
caused by heavy inter-crystalline attack, as shown in 
Fig. 1, on this page. All the microphotographs shown 
in the paper have been taken at a magnification of 
500 and all the microspecimens have been etched with 
9 per cent. orthophosphoric acid. The yielding occurred 
because of the increased stresses resulting from the 
reduction in thickness of the specimens by corrosion. 
The corrosion usually took the form of a general attack, 
which reduced the thickness of the specimen, but some- 
times uniform penetration by intercrystalline corrosion 
occurred over the whole surface of the test-piece. Since 
failure is due to the gradual increase in deformation 
of the specimen, it is less serious than fracture occurring 
suddenly and without warning. 

This method is a much accelerated test for aluminium 
alloys which are susceptible to intercrystalline corrosion 
because it gives a reliable indication of grain-boundary 
precipitation, which is one of the main causes of inter- 
crystalline corrosion, particularly in aluminium-mag- 
nesium alloys. Though this method has not been so 
extensively proved as the standard corrosion methods, 
good results have been obtained in its application to 
research, as well as in the checking of material prior 
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to delivery. Considerable quantities of aluminium- 
magnesium alloy sheets tested by this method and 
shown to be immune, did not fail in service. In 
addition, a comparison between results obtained by 
this method after six days and those obtained by the 
standard method (D.I.N. E4853) after 450 days showed 
very good agreement in the case of an aluminium- 
7 per cent. magnesium alloy subjected to various 
heat-treatments. Some of the most important results 
have been compared with stress-corrosion tests in the 
North Sea on similar specimens, exposed at the coast 
of the Isle of Sylt in such a manner that they were 
tidally immersed and dried. All specimens were cut 
out of the sheets transverse to the direction of final 
rolling. 

The term “ homogenising ” implies heating the alloy, 
so as to obtain a completely homogeneous solid solu- 
tion, and quenching in water in order to retain the 
alloy in a state of homogeneous solid solution. First, 
the stress-corrosion resistance of an aluminium-9 per 
cent. magnesium alloy in the homogenised state and 
after different ageing treatments was investigated. 
Sheet specimens 2:0 mm. thick were soaked at 460 
deg. C. for different times (1, 3 and 8 hours) and water 
quenched. One set of these specimens was tested in 
this state and other sets after different ageing treat- 
ments (three days at 75 deg. C., four hours at 100 
deg. C., four days at 100 deg. C., four hours at 150 deg. C. 
and four hours at 300 deg. C.). No effects of the 
soaking time at 460 deg. C. could be detected after 
quenching. All homogenised specimens had a high 
resistance to stress-corrosion (> 12 days). The micro- 
structure of these specimens was homogeneous, no 
grain boundaries being visible after etching by the 
method described. The samples were carefully polished 
mechanically and etched for 20 minutes in a solution 
of 9 per cent. orthophosphoric acid (H,PO,). Even 
ageing for three days at 75 deg. C., or four hours at 
100 deg. C., did not change this structure. Their 
stress-corrosion resistance is therefore the same as 
that of the homogenised specimens not aged at elevated 
temperatures (>12 days). If the ageing time at 
100 deg. C. is increased to four days, the grain boun- 
daries appear as a fine continuous network (Fig. 2). 
As a result of this change in the microstructure, the 
specimens failed with brittle fractures, with a resis- 
tance of less than one day. Specimens aged four 
hours at 150 deg. C., showing a similar structure, 
had a still shorter life (<0-5 day). The reason for 
the brittle fractures was severe inter-crystalline 


corrosion (Fig. 1). After an ageing treatment of 
300 deg. C. for four hours, the precipitate at the 
grain boundaries coagulates and forms coarser par- 
ticles, and the continuous network is replaced by 
‘strings of pearls” (Fig. 3). In addition, precipita- 
tion occurs within the grains. Specimens with this 
microstructure failed also by intercrystalline corrosion, 
but had a longer life (one to two days) than the 
specimens aged at 150 deg. C. These results agree 
with the results of a metallographic examination 
of an aluminium-10 per cent. magnesium alloy by 
Fink and Smith. 

The results obtained show that, under the test condi- 
tions described, (a) homogenised aluminium-magnesium 
alloys are very resistant to stress-corrosion ; (6) the 
stability of the homogeneous state at elevated tempera- 
tures is limited and is decreased by cold deformation 
before ageing ; (c) minimum stress-corrosion resistance 
occurs in the range of ageing temperatures 100 deg. to 
200 deg. C.; beyond this range the stress-corrosion 
resistance increases with increasing temperature ; and 
(d) the stress-corrosion resistance of aluminium-mag- 
nesium alloys is connected with the decomposition of 
the solid solution and depends on the quantity, arrange- 
ment, and size of the precipitate, especially at the’ 
grain boundaries. 

Because the aluminium-magnesium alloys, even when 
of high magnesium content, are very resistant to 
stress-corrosion in the homogeneous state, the influence 
of magnesium content on the stress-corrosion resistance 
was investigated, using low ageing temperature. 
Table I gives the results of stress-corrosion tests 


TABLE I.—Influence of Magnesium Content on the Stress- 
Corrosion Resistance of Aluminium-Magnesium Alloys. 
(After homogenising, aged for 81 days at 50°-55° C.) 
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(bending stress, o = 15 kg. per square millimetre) on 
2-0-mm. sheet specimens of aluminium containing 
5-2, 6-8 and 8 per cent. magnesium, homogenised 
(annealed four hours at 450 deg. C. and water quenched), 
and aged for 81 days at 50 deg. to 55 deg. C. The 
marked decrease in stress-corrosion resistance with 
increasing magnesium content is very striking. The 
specimens of the alloys containing 5-2 per cent. and 
6-8 per cent. magnesium failed by yielding, while the 
alloy containing 8 per cent. magnesium gave brittle 
fractures. In addition, the 5-2 per cent. and 6-8 per 
cent. magnesium-containing sheets were cold-rolled to 
1-6 mm. between quenching and ageing, with the 
result that the stress-corrosion resistance was further 
reduced and only brittle fractures obtained. Metallo- 
graphic examinations indicated that the higher the 
magnesium content the earlier precipitation occurs at 
the grain boundaries. 

The fact that nowadays the aluminium-magnesium 
alloys are manufactured from virgin aluminium of 
variable purity, raises the question of the influence of 
impurities on the stress-corrosion-resistance. For this 
purpose, 1-5-mm. sheets of an aluminium-7 per cent. 
magnesium alloy were manufactured from aluminium 
of different degrees of purity (99-99 per cent. and 
99-5 per cent.). In addition, some alloys were made 
with and some without manganese. In one alloy, 
0-06 per cent. copper was also added. Specimens of 
each alloy were heat-treated as follows: (a) homo- 
genised (soaked four hours at 460 deg. C. and water 
quenched) ; (6) homogenised, and aged for one day at 
100 deg. C.; and (c) homogenised, and aged for three 
days at 100 deg. C. 

Considering first the homogeneous state, alloys 1, 
made with 99-99 per cent. aluminium, and 3, made 
with 99-5 per cent. aluminium, have the same high 
stress-corrosion resistance (>40 days). The different 
purities of the virgin aluminium (99-99 per cent. and 
99-5 per cent.), therefore, did not affect the results. 
While the higher-purity alloy containing 0-35 per cent. 
manganese (alloy No. 2) is as resistant as the same 
alloy without manganese (alloy No. 1), the stress- 
corrosion resistance of the lower-purity alloy (alloy 
No. 3) seems to be reduced by the addition of 0-36 
per cent. manganese (alloy No. 4). In the aged state, 
the alloys of higher purity (alloys No. 1 and 2) are 
definitely superior to the alloys of lower purity (alloys 
No. 3 and 4). In the manganese-containing alloys 
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(2 and 4), this superiority is not as marked as in the 
manganese-free alloys (1 and 3). The small amount 
of copper impurity (0-06 per cent.) in the presence of 
manganese (alloy No. 5, made with 99-5 per cent. | 
purity aluminium) has, apparently, no detrimental | 
effect on the stress-corrosion resistance, which is even | 
higher than in the copper-free alloy (alloy No. 4). | 
Metallographic examination showed that the structure | 
becomes finer grained with increasing quantities of | 
impurities, and that the manganese content particularly | 
affects the alloy in this way. There was no evidence 
that the purity of the aluminium or the manganese | 
content of the alloy affected the rate and distribution | 
of precipitation at the grain boundaries. Adding 
manganese increases the tensile strength and proof | 
stress, but decreases the elongation. Ageing has no | 
great effect on these properties. The effect of a higher | 
copper content is seen in Table II. Sheet specimens, | 
1-5-mm.-thick, of aluminium-7 per cent. magnesium | 
alloy, with and without 0-9 per cent. copper, were tested | 
in the homogenised state (room-temperature aged), and | 
after three days ageing at 100 deg. C. The stress- 
corrosion-resistance of the homogenised specimens 
decreases very considerably with increasing copper | 
content ; after three days ageing at 100 deg. C., however, 
the opposite effect is shown. The high resistance of the | 
copper-free alloy in the homogeneous state decreased | 
after the ageing at 100 deg. C. to less than two days, | 
but the copper-containing alloy showed an improve- | 
ment rather than a deterioration under these conditions. | 
This surprising result was checked by the standard 
immersion test covered by the German Specification | 
D.I.N. E4853, details of which are given above, and 
good agreement with the stress-corrosion tests was 
obtained. 

The increase in corrosion resistance of aged alu-| 
minium-magnesium alloys caused by the addition of | 
copper is difficult to understand, because the potential | 
of the solid solution becomes more noble when copper | 
is added, and the potential difference between the solid | 
solution and the precipitated magnesium-containing | 
phase is therefore increased. A large potential difference 
also exists between the magnesium-containing and the | 
copper-containing precipitates which favours the 
development of intercrystalline corrosion. These factors, 
however, are obviously of little consequence because the 
corrosion resistance of the solid solution is markedly 
reduced by the addition of copper, as shown by the | 
results obtained with the homogeneous specimens 
(Table II). The difference between the rate of corro- 
sion of the solid solution and the rate of intercrystalline 
penetration is, therefore, considerably decreased, and 
the corrosion attack becomes more general and less 
dangerous. 

As in other supersaturated and (especially) age- 
hardening alloys, the cooling rate has a great effect 
on the corrosion resistance of the aluminium-magne- 
sium alloys. Since the homogeneous state produced by 
the usual water quenching is not stable if elevated 
temperatures are encountered in service, other methods 
of cooling have been proposed, such as air cooling and 
“interval cooling.” The term “interval cooling” 
denotes cooling from the homogenising temperature 
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MICROSTRUCTURE OF ALUMINIUM-MAGNESIUM ALLOYS. 
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they failed by yielding after two days. The specimens 
aged at 100 deg. and 150 deg. C. were, however, some- 
what more resistant after interval cooling than after 
the normal quenching from the homogenising tem- 

-rature. 

That the homogeneous state, in which the maximum 
supersaturation of the solid solution in the aluminium- 
8-5 per cent. magnesium alloy exists, is most susceptible 
to ageing at elevated temperatures, is easy to under- 
stand. By interval cooling, the supersaturation of the 
solid solution is reduced by the precipitation of part of 
the magnesium, so that its susceptibility to ageing at 


TABLE II.—STREsS-CORROSION RESISTANCE OF ALUMINIUM-7 PER CENT. MAGNESIUM ALLOY SHEET, WITH 
AND WITHOUT 0-9 PER CENT. COPPER. 





Chemical Composition. 
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* 4 hours at 460° C. and water quenched. 
+t Bending stress o = 10 kg. per square millimetre 


to a temperature just below the equilibrium curve of 
the solid solution, holding at this temperature for a 
certain time, and then water quenching. 

Specimens of an aluminium-8-5 per cent. magnesium 
alloy sheet (1-5 mm. thick), containing 0-4 per cent. 
manganese, 0-3 per cent. silicon, and 0-2 per cent. 
iron, were treated as follows : (a) soaked for eight hours 
at 460 deg. C. and water quenched; (b) soaked for 
one hour at 450 deg. C., cooled to 295 deg. C., and held 
for 1-5 hours at this temperature, then water quenched. 
The stress-corrosion-resistance of these specimens was 
tested ‘‘ as quenched,” as well as after ageing for three 
days at 100 deg. C. and ageing for one day at 150 deg. C. 
The results, given in Table III, show that the corrosion- 
resistance of the specimens not aged at elevated tem- 





peratures is seriously affected by interval cooling ; 


elevated temperatures may be approximately the same 
as that of a homogeneous alloy of a correspondingly 
lower magnesium content. It must also be mentioned 
that it is very difficult to obtain the desired precipita- 
tion in all cases by the method of interval cooling. 
For example, one test failed because the specimens 
became homogeneous at 305 deg. C., the temperature 
first selected for the interval cooling. Only when the 
test was repeated at 295 deg. C. was the desired preci- 
pitation (“string of pearls” structure) obtained, as 
shown in Fig. 4, on page 45. If the alloy treated in 
this manner is aged at 100 deg. to 150 deg. C., the 
microstructure changes to the dangerous continuous 
network. Fig. 5, on this page, shows the structure 
after ageing for three days at 100 deg. C. For this 
reason the interval-cooled and aged specimens failed 





Fic. 8. Furnace.CooLep AND AGED THREE 
Days at 100 Dea. C. x 500. 


in the same way as the normally quenched and age«| 
specimens, i.e., by intercrystalline fracture. 

From these results, interval-cooled aluminium- 
magnesium alloys, after ageing at 100-150 deg. “., 
appear somewhat more resistant to stress corrosion 
than alloys of the same magnesium content in the norma! 
water quenched and aged conditions. This slight 


TABLE  III.—<Stress-Corrosion Resistance of Water- 
Quenched and Interval-Cooled Specimens of an Aluminium 
8-5 percent. Magnesium Alloy Sheet (Alloy No. 8) (1-5 mm. 
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* Bending stress ¢ = 15 kg. per square millimetre. 


improvement, however, is not great enough to encourage 
the application of this method in practice, particularly 
as the susceptibility to intercrystalline corrosion is 
not removed by this treatment. In addition, the nor- 
mal water-quenched material is far superior to the 
interval-cooled material in the un-aged condition, so 
that in all cases where elevated temperatures in service 
are not expected, material manufactured by the first 
and more simple method may be preferred. 

If air cooling is applied in practice, the cooling rate 
must depend largely on the size of the treated com- 
ponents, as thick parts cool much more slowly than 
thin ones, The movement of the air also affects the 
cooling rate, and an experiment was carried out to test 
this. Six specimens of an aluminium-7 per cent. 
magnesium alloy sheet, 1-5 mm. thick, were heated for 
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5 hours at 460 deg. C. and then cooled as follows : 
(a) by quenching in water, (b) in moving air, (c) in calm 
air, (d) covered with 2-mm. thick asbestos, (e) covered 
with 5-mm. thick asbestos, and (f) covered with 10-mm. 
thick asbestos. The cooling rate was measured by 
thermocouples fixed to the specimens. The results 
cf the stress-corrosion test, carried out (i) without 
ageing, (ii) after ageing for 1 day, and (iii) after ageing 
for 3 days at 100 deg. C., demonstrate very clearly the 
improvement of stress-corrosion resistance with de- 
creasing cooling speed. If, for example, the cooling 
speed is reduced from 130 deg. C. per minute (moving 
air) to 12 deg. C. per minute (10-mm. thick asbestos 
cover), the stress-corrosion resistance is improved 
three times, and more. The tendency for intercrystal- 
line fracture to occur also decreases, and more specimens 
fail by yielding. 

Micrographs of differently cooled specimens, without 
ageing and after ageing for 3 days at 100 deg. C., 
indicate that the grain boundaries, which are not 
visible in the water-quenched specimen, become 
increasingly apparent at lower rates of cooling, corre- 
sponding with the increased decomposition of the solid 
solution. The precipitation, in both cases, is in the 
form of discrete particles, and does not take the form 
of a continuous network. After ageing for 3 days at 
100 deg. C., the microstructure changes, in that the 
gaps which existed before ageing become filled with 
additional precipitate, and a more or less continuous 
network is formed, as seen in Fig. 6, opposite. This 
shows the structure after being cooled with a 10-mm. 
thick insulation, followed by ageing for three days at 
100 deg. C. The tendency to form a continuous net- 
work is more pronounced in the specimens that have 
been cooled faster. 

On the basis of the results obtained with the differ- 
ently cooled specimens, it would be expected that a 
further improvement in the stress-corrosion resistance 
of aluminium-magnesium alloys might be possible if 
the rate of cooling could be reduced still further. 
For this purpose, specimens of an aluminium-9 per cent. 
magnesium alloy sheet (2-0 mm. thick) were cooled 
extremely slowly in an air-circulating furnace. The 
cooling speed was about 0-5 deg. C. per minute, as 
against 40 deg. C. per minute in the case of air cooling. 
These specimens were compared with corresponding 
specimens which had been water quenched, air cooled, 
and interval cooled. The different specimens were 
treated as follows : (a) soaked for 3 hours at 460 deg. C. 
and extremely slowly cooled in the furnace (“‘ stabilising 
treatment”) ; (6) soaked for 5 hours at 460 deg. C. and 
water quenched ; (c) soaked for 5 hours at 460 deg. C. 
and air cooled ; (d) soaked for 1 hour at 460 deg. C., 
cooled to 295 deg. C., and held for 1-5 hours at this 
temperature, and water quenched (interval cooling). 

The results of stress-corrosion tests on these speci- 
mens are given in Table IV. The unaged specimens 


TABLE 1V.—Stress-Corrosion Resistance of Aluminium— 
9 per cent. Magnesium Alloy Specimens (2-0 mm. Thick) 
Cooled by Different Methods. 
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+ Bending stress o = 13-5 kg. per sq. millimetre. 


had the highest stress-corrosion resistance after air 
cooling (c) and water quenching (6). The furnace- 
cooled specimens (a) yielded after a resistance of 33 days, 
while the interval-cooled specimens (d) had the shortest 
life (4days). After ageing for 3 days at 100 deg.C., the 
stress-corrosion resistance, of the furnace-cooled speci- 
mens (a) showed no change (33 days); the air-cooled 
(c) and interval-cooled (d) specimens failed in a much 
shorter time, less than 19 and less than 5 days, respec- 
tively. The water-quenched specimens (b) failed after 
about 1-5 days, owing to intercrystalline fracture. 
Micro-examination of the differently treated speci- 
mens showed that precipitation in the aluminium- 
% per cent. magnesium alloy was more marked than 
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in the aluminium-7 per cent. magnesium alloy, corre- 
sponding to the higher magnesium content. After 
ageing for 3 days at 100 deg. C., the microstructure 
of the water-quenched and air-cooled specimens 
changes, as already described, to a continuous, or nearly 
continuous, network. This tendency is less pro- 
nounced in the interval-cooled specimens. In the case 
of furnace cooling, no change was detected in the 
microstructure after ageing. Both micrographs (Figs. 
7 and 8, opposite) show a large amount of precipita- 
tion at the grain boundaries as well as within the grains. 
The grain-boundary precipitation consists of coarse 
isolated particles which do not form a continuous film. 
There is a slight difference between the microstructures 
in Figs. 7 and 8, but this was not the case when originally 
viewed under the microscope. The difference now seen 
can be attributed to under-exposure of the print used 
for Fig. 7. 

In the course of the investigations described, the 
question arose of the effect of the cooling rate on alloys 
containing small additions of manganese, zinc, and 
chromium. To investigate the effects of zine and 
chromium, three alloys were made containing 7 per 
cent. of magnesium and, respectively, 0-5 per cent. 
and 1-1 per cent. zinc and 0-25 per cent. chromium. 
A fourth alloy contained neither zinc nor chromium, 
but all four alloys contained 0-4 per cent. of manganese. 
The results obtained showed that if the various alloys 
are compared, their resistance to stress corrosion differs 
very little ; it cannot be said therefore that the addi- 
tions of zinc and chromium have a very striking effect, 
except perhaps over a short range of cooling and 
ageing. Generally, the furnace-cooled alloy without 
zine and chromium appears to be superior to the other 
alloys containing these additions. 

Since all these alloys contained 0-4 per cent. man- 
ganese, it was of interest to investigate a manganese- 
free alloy, especially in combination with an addition 
of chromium (0-54 per cent.). Such an alloy was, 
therefore, compared with a normal aluminium-mag- 
nesium alloy with the usual manganese content (0-42 
per cent.), with and without 20 per cent. cold reduction. 
The results show that the chromium-containing alloy 
has a considerably higher stress-corrosion resistance 
than the manganese-containing alloy in all conditions 
| of heat-treatment and cold reduction. The superiority 
of furnace cooling to water quenching when followed 
by ageing is again confirmed, as well as the detrimental 
effect of cold reduction. After ageing for three days 
at 100 deg. C., the water-quenched specimens failed by 
intercrystalline fracture, but the furnace-cooled speci- 
mens yielded after a considerably longer life. 

The results so far given in this paper have been 
obtained from laboratory tests. To be more certain 
that these results are comparable with conditions in 
service, stress-corrosion tests in the North Sea were 
carried out. Specimens of aluminium-7 per cent. and 
9 per cent. magnesium alloys, 2 mm. in thickness, were 
exposed on the coast of the Isle of Sylt in such a manner 
that they were tidally immersed and dried. The results 
| obtained confirmed the high susceptibility of these 
alloys when water-quenched and air-cooled to stress 
corrosion after cold reduction and ageing, and the 
beneficial effect of slow cooling from the homogenising 
temperature (furnace cooling). 

During the past ten years, aluminium-magnesium 
alloys have been used in Germany to a greater extent 
than before, especially in the construction of seaplanes. 
At first, the alloys with 7 per cent. and 9 per cent. mag- 
nesium were heat treated by the method referred to 
in this paper as interval cooling. In service, much 
trouble arose with this material after a comparatively 
shcrt time. Intercrystalline cracks occurred, prefer- 
entially at rivet holes and in sections cold formed from 
sheet or strip, as well as in other parts containing 
internal stresses. In addition, intercrystalline cracks 
were observed in rivet heads. Replacing these alloys 
by an alloy containing 8 per cent. magnesium and 
1 per cent. zinc effected no improvement. 

The troubles were cured by the introduction of the 
new method of furnace cooling described, and no case 
of intercrystalline failure was encountered during 
5 years’ experience in service of aluminium-7 per cent. 
and 9 per cent. magnesium alloys heat-treated by this 
method. These materials were tested for stress- 
corrosion resistance in a solution of 3 per cent. sodium 
chloride containing 1 per cent. by weight of hydro- 
chloric acid before being delivered to the customers. 
Two specimens of each sheet were aged for 3 days at 
100 deg. C. and stressed at 60 per cent. of the 0-2 per 
cent. proof stress ;if they broke in less than 3 days, 
the sheets were rejected. 

The results recorded in the paper confirm the close 
correlation between the microstructure and the 
susceptibility to intercrystalline corrosion and stress 
corrosion of aluminium-magnesium alloys. The micro- 
structure depends largely on the heat treatment applied. 
The most pronounced changes in microstructure occur in 
water-quenched alloys during ageing at up to 300 deg. C., 
and are due to water quenching from the homogenising 
temperature, resulting in a maximum degree of super- 


| 
| 








47 


saturation in the alloy. The decomposition of the solid 
solution progresses gradually with increasing ageing 
temperature. At low ageing temperatures, precipita- 
tion starts at the grain boundaries, forming a fine 
continuous network which corresponds to a minimum 
of stress-corrosion resistance. At higher temperatures, 
the precipitate at the grain boundaries coagulates, and 
the continuous network transforms into a network of 
coarser isolated particles. Precipitation also starts 
within the grains in the form of fine and randomly 
distributed particles. As a result of these changes in 
the microstructure at higher ageing temperatures, a 
considerable increase in the stress-corrosion resistance 
is observed. After air cooling or interval cooling, the 
changes in the microstructure and stress-corrosion 
resistance resulting from ageing are less pronounced, 
because a part of the magnesium held in solid solution 
has already been precipitated during cooling. After 
this retarded cooling, the alloys investigated showed a 
microstructure characterised by more or less fine 
separate particles of precipitate, and as a result the 
alloys are generally fairly resistant to stress corrosion. 
During ageing at elevated temperatures, however, a 
continuous network is formed which is caused by 
further precipitation taking place, with the result that 
the stress-corrosion resistance is considerably reduced. 

By extremely slow furnace cooling from the homo- 
genising temperature (about 50 deg. C. per hour), 
all the magnesium in excess of that in solid solution at 
room temperature is precipitated from the a-crystals. 
The structure of alloys treated in this manner shows 
heavy precipitation in the form of coarse isolated 
particles at the grain boundaries and numerous fine 
particles irregularly distributed within the grains. 
This structure has a high stress-corrosion resistance 
and, as shown in this paper, is very stable up to 100 deg. 
or 150 deg. C. No transformation into a continuous 
network is possible, because no additional precipitation 
can occur. The method of furnace cooling is therefore 
also termed a “ stabilising treatment.” 

On the basis of these findings, the process of attack 
of aluminium-magnesium alloys by intercrystalline 
corrosion and stress corrosion can be easily explained, 
bearing in mind that the precipitated phase (Al,Mg.) 
is anodic to aluminium as well as to the solid solution. 
As already mentioned in an earlier paper, published in 
1940 by one of the authors in connection with an 
investigation into the stress corrosion of aluminium- 
zinc-magnesium alloys, when the network is con- 
tinuous the corrosion starts by dissolving the anodic 
precipitated phase at the surface and penetrates between 
the grains, following the continuous film of precipitate. 
The penetration may be accelerated by differences in 
aeration and in stress corrosion caused by stress 
concentrations occurring at the ends of channels, which 
resemble sharp notches. In the case where precipita- 
tion occurs in the form of isolated particles, distri- 
buted at intervals along the grain boundaries, only 
the particles at the surface are dissolved and then 
further penetration ceases. Obviously, there is a 
critical distance between the precipitated particles 
which the corrosion is not able to overcome, and there- 
fore intercrystalline attack cannot develop. 

The quantity of precipitation must also be considered, 
especially its effective anodic surface, which influences 
the attack owing to its effect on the current density. 
The current density, and therefore the corrosion rate, 
is higher the smaller the anodic surface in proportion 
to the cathodic surface, represented by the solid solution 
exposed to corrosion. An increase in intercrystalline 
penetration in the case of very fine grain-boundary 
precipitation, and a decrease in the case of additional 
precipitation within the grains, is therefore to be 
expected. In the latter case, the structure approaches 
homogeneous precipitation, with a change from selective 
attack to a more general corrosion. 

It is difficult to give a reasonable explanation of the 
effect of small additions of, for example, manganese, 
zinc, and chromium on the stress-corrosion resistance 
of aluminium-magnesium alloys. One of the most 
interesting facts is the marked changes’ sometimes 
observed in the microstructure, especially after furnace 
cooling, in alloys in which these elements are present. 
Another interesting fact is the considerable improve- 
ment in the stress-corrosion resistance of aluminium- 
magnesium alloys in all conditions of heat treatment 
and cold reduction effected by additions of chromium 
instead of manganese. Further investigations on this 
problem would seem to be merited. 





ALUMINIUM ALLOYS FOR MARINE USES.—The Alu- 
minium Development Association, 33, Grosvenor-street, 
London, W.1, have recently issued a new brochure dealing 
with “The Application of Aluminium Alloys to Marine 
Uses.” This contains illustrated descriptions of aluminium 
alloys in service on various sea-going vessels, as well 
as aluminium-alloy lifeboats, launches, dinghies and 
other marine applications of these alloys. Copies of the 
brochure are obtainable on application to the above 
address, 
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NOTES ON NEW BOOKS. 


Skin Protection in Industry. Rozalex, Limited, 10, 
Norfolk-street, Manchester, 2. [Free to approved 
applicants. ]} 


Tus 30-page booklet describes in general terms, suit- 
able for the layman, the nature and some of the causes 
of industrial or occupational dermatitis. It defines 
the disease itself as “‘ any inflammatory condition of the 
skin,” and discusses some of the preventive treatments 
which have been evolved by the Rozalex company. 
Full-page photographic reproductions illustrate some 
of the more common forms of the disease. It is stated 
that occupational dermatitis is sometimes caused by 
the use, perhaps surreptitiously, of certain abrasives 
and solvents for cleaning purposes, and that the hest 
method of avoiding the complaint is to prevent the 
skin from coming into actual contact with the work or 
material being handled, thus making drastic cleaning 
unnecessary. It is also described how such considera- 
tions lead to the development of the Rozalex barrier 
creams and ointments which, it is emphasised, are 
designed to act as preventives and not as cures. Some 


of the photographic reproductions may mean little to | 


most laymen, but the booklet as a whole is a handy 
guide for busy executives or welfare officers in small 
firms, especially in those where there is no regular 
medical attendant. 





Electro-Technology for National Certificate Students. 
Volume 1. By H. Teaspate, B.Sc., M.Ed., 
A.M.LP.E., and Dr. E. C. Watton, B.Eng., 
M.I.E.E. The English Universities Press, Limited, 
Warwick-square, London, E.C.4. [Price 9s. 64. 
net. ] 


Tuts volume is the first of a series of three which is 
being prepared to cover the electrical engineering sylla- 
bus of the Ordinary National Certificate. It contains 


some 300 pages and nearly 200 captioned diagrams and | 
illustrations, together with an index and a list of | 
relevant British Standard Specifications, as well as | 


tables of some physical and chemical properties. The 
authors have aimed “to introduce the fundamental 
facts of electro-technology to students in such a 
manner that, even with no previous knowledge, they 
can obtain without undue difficulty a firm grasp of the 
framework of the subject,” and also “to provide a 
more comprehensive treatment of electrical technology 
by means of appendices to the various chapters.” 


These aims account for the general lay-out of the book | 
and for the nature of the explanatory matter, which is | 


necessarily simple and makes full use of analogy. The 
volume is divided into nine chapters; one of these 
defines units associated with work, energy, heat, etc., 
and the remainder describe some of the electrical, 
electro-chemical and magnetic phenomena which form 
the basis of direct-current electrical engineering. At 
the end of each chapter is given a list of questions the 
working out of which will help the student to understand 
the subject matter. Much space is given to descrip- 
tions of electrical equipment, such as resistance thermo- 
meters, storage batteries, lifting magnets, bells and 
relays, and to the carrying out of simple experiments. 
Some of the illustrations, such as those of a cinema 
protection arc lamp, an ordinary rubber-bulb hydro- 
meter and a porcelain re-wirable fuse are of the cata- 
logue type, and are somewhat superfluous from the 
standpoint of the National Certificate. The authors 
have undoubtedly covered a wide field and emphasised 
the facts of their subject. For the student, how- 
ever, especially the evening-class student, the book 
is rather lengthy, and is likely to prove of more 
value as general reading than as a text from which 
basic concepts can be readily grasped. 


Construction in Reinforced Concrete. By G. P. Man- 
sinc, M.Eng., M.I.C.E. Second edition. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
Londons W.C.2. [Price 15s. net.] 


THE good opinion that we expressed regarding this 
little book, on its first appearance 15 years ago, loses 
nothing on a re-reading, although the modifications 
appear to be comparatively slight. That they are not 
more extensive, in respect of costs and details of 
constructions] equipment, is explained by the author 
in his preface as being due mainly to the reluctance of 
contractors in this country to disclose information which 
they consider to be their private property; and Mr. 
Manning comments with reason upon the much more 
liberal attitude of American firms when approached 
with similar requests. Unfortunately, as he remarks, 
American practice is not necessarily superior to British 
practice on economic grounds, when applied under 
British conditions, so that students of civil engineering 
may suffer some handicap if they are given an excess of 
American data; and, he might have added, readers 
may receive wrong impressions of British progress if 
they have not the latest information for purposes of 
comparison, 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification no ore 


is stated in each case; where none is ment 
Specification is not er . 
Where it communicated from abroad, the 


inventions 
Names, etc., of the Comamantcatore are given in italics. 
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ys oe Ss Branch, 26, 


Southampton Buildings, 
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FURNACE APPARATUS. 


596,775. Blue Water-Gas Plant. Henry Balfour and 
Company, Limited, W. L. Burns and J. W. Gibson, all of 
Leven, Fife. (1 Fig.) August 3, 1945.—This invention 
is a plant for the production of blue water gas. In the 
figure, 1 denotes the steel shell of the generator having a 
firebiick lining 2 between which and the shell is an inter- 
vening space 3 packed with slag wool. The grate is 
shown at 4, and at the same level are clinkering doors 5. 
On the grate 4 is a steel ring 6 supporting a pier structure 
constituting the Field tube for the preheating of air 
and steam before admission to the fuel bed. The pier 
structure consists of an outer duct 7 closed at its upper 
end and provided at its lower end with apertures 8 open- 
ing into the interior of the generator above the grate. 
Within the outer duct 7 is an inner duct 9 terminating 
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short of the closed upper end of the duct 7, the inner | 
duct extending slightly below the grate and presenting | 
at its lower end a diffuserinlet 10. Beneath the diffuser 
inlet is the discharge end of a valved lateral air duct 11 | | 
connected to which is a branch 12 of a main steam-inlet | 
pipe 13. At 14 is a tar or oil storage tank for enrichment | 
of the gas produced, and rising from the tank is a pipe 15 
fitted with an ejector 16, which, on the admission of steam 
from a connection 17, causes tar or oil to be sucked up and | 
to join the steam flowing through the steam pipe branch | 
12. The charging door for the generator is shown at 18 | 
and the blast outlet at 19; 20 is the stack valve and 21 | 
adust trap. The up-run gas take-off is showu at 22 and 
the down-run gas take-off at 23. 24 denotes the ash 
door and 25 a valved steam-inlet branch fitted to the 
connection 22 for admission of steam for the down-run. 
(Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


597,423. Throttle-Valve Control. The Austin Motor 
Company, Limited, and J. C. Haefeli, both of Birmingham. 
(1 Fig.) July 6, 1945.—The invention relates to a 
method of controlling the throttle valve of an internal- 
combustion engine having electric ignition, the object 
being to prevent the engine from continuing to run after 
the ignition has been cut off. Means are provided 
whereby the stop which keeps the throttle valve from 
closing fully during idling of the engine is automatically 
moved back when the engine speed falls below idling 
speed, to allow the throttle valve to close completely. 
In the drawing, A is a carburettor of an internal-com- 
bustion engine, B the throttle-valve spindle and C the 
throttle arm operated from the usual spring-returned 
accelerator pedal through the link D. An upyard 
extension c of the lever C bears against an adjustable 
stop screw E screwed through a downwardly extending 
arm f of the two-armed lever F pivoted to the car- 
burettor at f!. An upwardly extending arm f? of the 
lever F is pivoted at f* to a horizontal fork G into which 
is screwed arod g which is pivoted at g' to astem h secured 
to a diaphragm H clamped in a casing h!. J is an oil 
pipe connected to the pressure oiling system of the 
engine and opening into the side of the casing h' remote 


| intended to be of definite capacities. 





| with this tube there is a parallel screwed rod 





from the stem h. When the engine is running at idling 
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speed, or at greater speed, the oil pressure acting on the 
diaphragm H, holds the upper end of the arm f? against 
an adjustable set screw K. At such position of the 
lever F the stop screw E is holding the lever C, against 
the force of the accelerator-pedal spring, in such position 
that the throttle valve is open to the usual slight extent 
necessary to keepthe engineidling. When the ignition is cut 





off, the engine will usually stop, althoughit may continue 
to run due to ignition caused by hot exhaust valves; but 
its speed will be greatly reduced with consequent reduc- 
tion of oil pressure, which will no longer be able to hold 
the arm f* against the set screw K. The force of the 
accelerator-pedal spring will then be sufficient to rock the 
lever C to a position to close the throttle valve completely 
and thus stop the engine. (Sealed.) 


MISCELLANEOUS. 


598,773. Apparatus for Bulk Testing the Capacity of 
Liquid Containers. Canning Town Glass Works, Limited, 
and J. J. Parnaby, both of London. (1 Fig.) September 
10, 1945.—In connection with the mass production of 
articles the law of probability is often applied as a 


practical mode of achieving quality control, a representa- 
| tive number of the total output being subjected to test 
| and the whole being passed or failed depending on the 


result of this test. The invention enables this mode of 
quality control to be applied to the testing of liquid 
containers which, within prescribed close tolerances, are 
The base 1 of the 
measuring flask 2 has a drain cock 2a operated by a 
|handle 16. The neck 3 of the flask has a removable 
| filling- funnel 4 provided with an anti-splash, internally- 
flanged filling-ring 5. Extending parallel with the flask 
neck, with its lower end opening into the belly of the 
| flask, is a glass level-indicating tube 6, and associated 
7, graduated 








13 
(s98.773) 


in degrees, on which slides a sleeve 8 carrying a maximum- 


rw 


capacity level index 9 and a mi pacity level 
index 10, each capable of independent adjustment to 
determine the permissible tolerances but displaceable as 
a@ unit with regard to the level-indicating tube 6, to com- 
pensate for variations in the temperature of the liquid to 
be measured while retaining the selected tolerances. 
A thermometer 11 dips into the belly of the flask. The 
base 1 stands on three adjustable levelling screws 13 
and a spirit level 14 is provided so that the flask can be 
levelled easily to bring its neck 3 truly vertical. Assume 
the containers are pint milk bottles, and the representa- 
tive sample number for the batch is 16. Then, by reason 
of the prescribed tolerances for each bottle, the maximum 
indicated capacity level of the test flask is to be 16 pints 
plus positive tolerance, and the minimum indicated 
capacity level 16 pints minus negative tolerance, at 
normal temperature. The test flask is of such a capacity 
that when charged with the liquid content of all the 
16 bottles, the level indicated must fall between the 
indexes 9 and 10. If it does not do so, the consignment 
of bottles from which the 16 samples were taken must he 
scrapped. (Sealed.) 
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TEMPERATURE DISTRIBU- 
TION IN THE BUSH OF A 
JOURNAL BEARING.* 


By D. Ciayton, D.Se., M.I.Mech.E., and 
M. J. Witktre, B.Sc., A.Inst.P. 


Discussions with certain aero-engine firms 
during the earlier part of the war showed, inter alia, 
a particular interest in the temperature distribution 
round a bearing, and it was decided to devote a part 
of the N.P.L. programme of bearing investigations, 
then being undertaken, to seeing whether the maxi- 
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mum temperature at the surface of the bush was 
abnormally high at the point of closest approach 
compared with the mean in the pressure film region 
(possibly throwing light on failure), and how the 
temperature varied according to the mode of supply 
of oil. It was thought that measurements in a 
bearing carrying a steady unidirectional load would 
give useful preliminary iriformation. The results 
are influenced by the particular design of bearing 
and housing, but it is thought that they will have a 
general interest, particularly in view of the increasing 
attention now being given to temperature relations 
in bearings. The basic oil supply pressure and 
temperature and the speed and loading were 
governed by the particular application of interest 
at the time. The British system of units has been 
generally used in this communication. The follow- 
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ENGINEERING. 
ing are the conversion factors required to express 
the appropriate quantities in metric units: lin. = 
2-54cm.; 1 lb. per square inch = 0-0703 kg. per 
square centimetre ; 1 fluid oz. per minute = 28-41 
c.c. per minute. 

The ordinary N.P.L. journal-bearing machine 
was used for this part of the investigation.* The 
2-in. diameter Ni-Cr steel journal (A, Figs. 1 and 2) 
was the overhung turned-down portion of the main 
4-in. diameter shaft of the machine. The phosphor- 
bronze bush B was } in. thick and 1} in. wide, 
and was mounted in a steel sleeve C, the latter 
having a spherical seating. A steady load was 
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supplied to the bottom, but a two-way supply pipe 
was fixed up so that a change could readily be 
made to supply at the side of the bush. The load 
was limited to 1,500 Ib. per square inch to avoid 
distortion. The speed was 3,000 r.p.m., and the 
diametral clearance 0-0025 in. The oil complied 
with DTD 109 specification for aero-engine oil 
(SAE 50), having viscosities of 900 and 20 centi- 
poises at 21-1 deg. and 93-3 deg. C. (70 deg. and 
200 deg. F’,), respectively. It was normally supplied 
to the bearing at 80 lb. per square inch and 70 deg. C. 
Variations in speed and oil supply conditions were 
made to find their effects during the tests. Under 
the standard conditions the crown temperature 
reached a steady value of 111 deg. C., the viscosity 
of the oil then being 12-0 centipoises; the film 
thickness at the point of closest approach under 
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* Commiunication from the National Physical Labora- 
tory. 


* For a full description, see Clayton and Jakeman: 
Proc,I,Mech.E., vol. 134, page 437 (1936). 
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these conditions is estimated to be about 0-0002 in. 
Figs. 1 and 2 show the bush in its holder, so that 
the environment of the bearing, which affects the 
heat flow from it, can be seen. Fig. 3 shows, at full 
size, the bush and the positions of the longitudinal 
holes drilled in it to find the temperature distri- 
bution. The diameter of the holes was 0-037 in. 
and the centres of the inner holes were 0-035 in. 
from the bush surface. The outer holes were 
provided so that the radial temperature gradient 
could be found, and then the results extrapolated 
to give the actual temperature of the inside surface 
of the bush; it was found that the correction to the 


imposed on the top of the bush. Normally oil was | observed temperatures to give surface temperature, 
Fig. 3. 
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was only $ deg. C. This arrangement was adopted 
at the suggestion of Dr. F. H. Schofield and Mr. 
C. R. Barber, of the Physics Division of the Labora- 
tory, who co-operated with the authors in the early 
experiments to establish the method and who 
provided the fine thermocouples required. The 
normal procedure in taking the observations was 
to make longitudinal traverses through the inner 
holes in succession, after the bearing had reached 
its natural running temperature for the particular 
conditions, taking occasional readings on the refer- 
ence thermocouple fixed in hole R (} in. deep) to 
allow for any slight drift of temperature that might 
occur during the series of readings. Representation 
by means of isothermals on the developed surface 
of the bush was finally adopted to show the tem- 
perature distribution. 

Figs. 4 and 5, page 50, show the isothermal dia- 
grams obtained for the standard conditions for which 
the steady running temperature, as measured at the 
position R shown in Fig. 3, was 111 deg. C., and 
for which the oil flow was 8} fluid oz. per minute. 
Fig. 4 refers to the inner ring of holes and Fig. 5 
to the outer holes. On the developed surface of the 
bush the vertical lines at each end represent the 
generator line at the top centre line (load position) 
of the bush; the arrow at the oil-inlet hole shows 
the direction in which the oil is swept by the motion 
of the journal. The point of closest approach of 
the surfaces is in the region of the holes M-N. 
The isothermals are drawn at every 24 deg. C. from 
the temperature of the reference point R and are 
so marked; they were obtained by cross-plotting 
from smooth curves of the longitudinal and cireum- 
ferential distributions of temperature. (Owing to 
the influence on the thermocouple wires of the oil 
flowing round the edge of the bearing, the tempera- 
tures near the edges of the bush are somewhat 
uncertain particularly over the last 4 in. at the 
front of the bearing.) 

Fig. 6, page 50, shows the circumferential distribu- 
tion of temperature in two sections along the bush, 
one central and one } in. from the front. Also in Fig. 6 
is shown, in dotted lines, the circumferential distri- 
bution of temperature in the central section of the 
bush for the outer ring of holes. The vertical scale 
is the temperature difference from that of the refer- 
ence point R. Fig. 7, on the same page, shows the 
longitudinal distribution curves for the inner ring 
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distribution curve to represent their relations with | 
each other as well as the variation of temperature 
along each curve. The curves are lettered according 
to the holes (see Fig. 3) to which they refer, the 
lettered end representing the back of the bearing. 
Figs. 4 and 5 show that the maximum tempera- 
ture occurs in the region of closest approach of 
the surfaces. It is not unif>rm from front to back, 
probably due to the drain of heat along the journal 
into the shaft at the back of the bearing. There is 
not a uniform gradient from front t> back, however, 
the longitudinal curves (Fig. 7) for the inner holes 
showing a double hump at this position ; so far, no 
wholly satisfactory explanation has been found for 
this feature. The cold oil entering at the bottom, 
and being swept into the inlet side of the film, 
leads to a central lower-temperature region (see 
holes G to E in Fig. 7) which gradually diminishes, 
to disappear just beyond the 90 deg. position ; the 
central cooler region re-appears over the crown, 
disappears again near 90 deg. on the outlet side, 
and re-appears on approaching the oil hole. The 
lower top, as well as bottom, temperatures in the 
central section, compared with those nearer the 
bush ends, are also shown by the curves in Fig. 6. 
The steep drop of temperature on approaching the 





oil hole on the outlet side of the film, seen also in 


the close packing of the isothermals in Fig. 4, 
and the more gradual rise of temperature on the 
inlet side, are apparent from these curves. The | 
temperature variations through the loaded regivn | 
are relatively gentle ;i.e., a temperature measured 
on the load line at the crown is not far from repre- 
senting the maximum bush surface temperature for 
the high eccentricity and small film thickness 
obtaining. 

The variations shown in the outer ring of holes | 
are smaller (Fig. 5). There is still a low-temperature 
region near the oil hole, but the double hump at the 
crown in the longitudinal distribution curve is only 
just perceptible. There is a smaller range circum- 
ferentially, as shown by the dotted curve in Fig. 
representing the central section. It is apparent 
that the outer ring temperature is less at the crown 
than the inner ring temperature, and near the oil 
hole is greater; this latter result implies that the 
incoming oil cools the working surface of the bush 
more than the outer regions, and the temperature 
gradient is thus reversed immediately round the 
oil hole compared with other parts of the bush. 
The gradient at the crown from inside holes to 
outside holes is only 3 deg. C. on the average. The 
range is 1} to 4} deg., the gradient being generally 





smaller at the back; there is no difference between 
the radial gradient at the point of closest approach 
and on the other side of the load line. 

For otherwise standard conditions, the oil pressure 
was increased to 160 lb. per square inch in one test, 
and decreased to 4 lb. per square inch in another. 


|The former increased the oil flow to 12 fl. oz. per 


minute from 8}, the steady running temperature 
at the reference point being 108 deg. C., compared 
with 111 deg. C. for standard conditions ; the latter 
reduced the oil flow to 34 fl. oz. per minute, the 
temperature rising to 121 deg. C. The isothermal 
diagrams are given in Figs. 8 and 9. Comparison 
with Fig. 4 shows that higher pressure spreads the 


6, | isothermal] lines towards the sides of the bush in the 


neighbourhood of the oil hole (to be expected, as 
most of the oil escapes in the larger clearance space), 
and that the lower pressure leads to a contraction. 
The changes of temperature due to the different 
oil flows are the same both at the crown and near 
the oil inlet. 

Fig. 10, opposite, compared with Fig. 4, shows that 
raising the oil-inlet temperature to 100 deg. C. re- 
duces the variation of temperature round the bush, 
as well as raising the general level of temperature. 
The crown temperature is 120 deg., instead of 111 
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For comparison with the results with a hole at 
90 deg., a longitudinal groove 1 in. long and } in. 
wide was cut at this position. On the inlet side it 
increases the feed from 2 fl. oz. per minute with the 
hole to 6 fl. oz. per minute, the crown temperature 
falling from 123 deg. to 112 deg. C.; on the outlet 
side the corresponding changes are from 1# to 5 fl. oz. 
per minute and 124 deg. to 110 deg. C. This would 
indicate a slightly greater efficiency of cooling by 
supplying oil on the outlet side. Figs. 16 and 17, 





a £ 110} i= on page 52, show the isothermals for these 90-deg. 
_ | 3 | | groove conditions. Comparing with Figs. 13 and 14, 
100 . | | the flow to the ends of the bearing is so increased 
Oo a ze 2 the groove on the inlet side that the curvature 
> B Tf of the isothermals between the groove and the crown 
" “ | www) fa | BSB: is reversed. By way of further illustration of this 
: | i] Oil Hole | point the longitudinal temperature-distribution 
Yoo | | lof Motion | | hulet Side curves for the holes D and E (Fig. 3) on each side 
i a 5 doias “40 ao" to ahs gaze |of the groove are given in Fig. 18, page 52. When 
7 i Outlet Side Inlet the supply is on the inlet side the hot oil coming 
a (9334) Degrees excinereixc’” | round there from the outlet side is already streaming 
Py jan alternative to the bottom position; the oil outwards, due to the clearance — decreasing, and 
8o;— hole is shown in Fig. 3. Having verified that the the amall quantity of oil coming in at s hole at first 
——~ same results were obtained for both directions of cools the central whe tae only. On the other hand, 
75 | rotation under the standard conditions, the 90-deg. when there is , ind the sideways Sow Gosrenes so 
; hole was made to supply on the inlet or outlet side great that the sides of the bearing are cooled even 
of the film by merely changing the direction of more than the centre region rd hole D and just 
— 70 rotation. Figs. 13 and 14 show the isothermals beyond it. The centre of hole E is cooled by con- 
Direction for the oil entry on the inlet and outlet sides, 2 gc a metal from. the = oil nc 
al esi_|_| eg of Motion | | respectively, and Fig. 15 shows the central section ae pee. en the groove is on the outlet site 
een 020 60 100. 140 40 100 60 200 _ | circumferential variations, in each case the results of the pressure film, the increasing clearance space 
Outlet Side hulet Side i 2 -- | at the oil entry position leads to relatively less imme- 
ach Micieciaaian are represented in the way they would appear if, | .- a he mat 4 
in fact, separate inlet and outlet holes had been used diate flow sideways, and both the isothermals ond 
ure deg. C, for the standard conditions, and the oil flow | for the same direction of rotation. For the hole a i Satna pe at ce 
est, increases from 8} to 15 fl. oz. per minute. In the | on the inlet side, the oil feed is 2 fl. oz. per minute | 5 8 tg z es 1 The _ a te peers 
her. exploratory tests with another bush, readings had | and the steady running temperature is 123 deg. C. ; an - oe — noe “a oie - im ec ~ - 
per heen taken at two temperatures and two pressures | for the outlet side, the values are 1 fl. oz. per minute of wv 4 _— age wae y Sore * ope i = 
ure additional to the standard conditions ; Fig. 12 shows | and 124 deg. C. The range of temperatures is supp h oe oe swt a Se oe 
red the circumferential distribution curves for the nine | greater for oil entry on the inlet side, the tempera- at sy hte sa mné- he beaten of 0 
bter conditions. It is apparent that the supply tempera- | ture round the oil hole being lower than that for bead oh go os < = : 1 “ 7 ff “4 
the ture is greater in its influence on the mean tempera-|entry on the outlet side, presumably due to the fb oe ve pd scomtie ake yn Ai et 
mal ture and on the temperature range than the supply | influence of the oil from the pressure film on the : 1. wees. sf neg spies Wie Pest on 
son pressure. The longitudinal distribution curves with | incoming oil in the latter case. The total range of re Tn e% The t y ar uae a ae 9 th y 
the the high temperature oil supply show smaller | temperature is less than for a bottom hole supply. eels ty ti ily rt - yet “apr “4 
the changes, corresponding with the smaller circumfer- | There is a tendency to a double hump in the longi- oe sl.gesnenonin, Des she = ea goons i: : we 
as ential variations. tudinal distribution curves at the crown whether | ‘° ™°8” Hp apne be age eg. C.) dun tot . 
pe), Fig. 11, in comparison with Fig. 4, shows that | the oil is entering on the inlet or outlet sides, but aie di —— f re 3d 1 i “ o- ee es igh 
on. increasing the speed to 4,000 r.p.m. makes little | it is not quite so prominent as for the standard pm aman Ps “a se din ct — 4 
ent difference to the general shape of the isothermals, | conditions. Doubling the supply pressure to the aoices ar ofici : yr ie § sae Arend om 
ear but the difference of temperature between crown and | side hole nearly doubles the feed from the inlet eee Mi te d sigs. be Ae etn Dag The ee ’ 
oil inlet is rather greater. The steady running | side hole, lowering the crown temperature to 119 deg. Po a aa “ einen | age th a 
hat temperature is 121 deg. C. at the crown, and the oil | C., but on the outlet side the feed is barely affected, aaah - oan — senages y a le naa ord 
re- feed is 9} fl. oz. per minute ; the temperature near | the crown temperature remaining the same. There front to k “ ather les ri Clos gr ttom 
ish, the oil inlet is unaltered at 84 deg. C. is little effect on the isothermals except for a slight tcc dbentlbiconis oo scsnlesnccndlbdecsionien.: = 
re. As mentioned above, arrangements were made to | increasing of the spacing between the crown and the| + Proc.I.Mech.E., vol. 155, page 41 (1946) (War 
11 supply oil to the bush at 90 deg. to the load line as ! outlet side hole, a result which is understandable. | Emergency Issue, No. 14). 
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hole and supplying oil to a hole at 90 deg. on the|in passing through the 
inlet side, the longitudinal groove at the bottom | bearing; also, by test- 


becomes a “ blind” one. 
temperature distribution. 


A 180-deg. circumferential groove round the bules on passing the a 
bottom half of the bush was next cut. It severed | melting point. ( 
the inner ring of holes, so that the temperature | however, small flakes of p 
variation over half only of the bush could be found | tin, of eutectics of tin- 
in this region. The isothermals in Fig. 21, com-| lead, lead-bismuth, and 
pared with those for the plain hole supply in Fig. 4, | lead-tin-bismuth, and of ,-* | 


show little difference of temperature distribution 
near the crown of the bearing. The crown tempera- 
ture is 4 deg. C. less than for the standard conditions, 
and the range of temperature is 7 deg. C. less. The 


oil flow is only slightly higher, at 9} fl.oz. per minute, melting point, due, ap- 

















a 
/ 











sore _ o 30 60 90 120 150 180 150 120 390 60 30 so 
Front’ Outlet Stde Inlet Side Front 
(9334.n) Degrees 
Fig. 21. INNER HOLES Back 
L , H, G, F ry, 2 € - yA, 





It has no effect on the | tube test, that lead flakes —-o, _ 5, ‘, - 


in oil changed to glo- 
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Rose’s metal were pre- / 
pared in oil, it was found 
that they did not glo- 
bulise on reaching the 





than for the plain hole. Fig. 22 shows the isother- | parently, to the forma- 


mals for the outer ring of holes for this circumfer-| tion of an envelope of 


ential groove. The cooling effect of the oil coming 
through the inlet passage is apparent, and also the 
effect of the oil in the groove upstream from the 
inlet hole ; there is no such effect at the downstream 
(inlet) end, but this may be disguised by the effect 
of the spread of the cold oil outwards to the edges 
of the bush. 

The above observations have been obtained on 
one bush and are therefore comparable with each 
other. Confirmation of the results at a number of 
points of the series was obtained in a preliminary 
series of tests with another bush of the same pro- 
portions run under the same imposed conditions, 


but it is qualitatively that the results are thought | 


to be useful to the general picture of thermal effects 
in bushes. The pressure of other activities during 
the war prevented the extension of the observations 
to other conditions of running of the bearing and | 
the study of the influence of environment, as is | 
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vestigation. It is now / : N | “wd 
thought that chemical ’ (fR=107°C,) | N ‘Sees acca 
change of substances 1% i rs | 
dissolved in oil might ot eee a 
be considered as a o 30 460 90 120 150 180 150 
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mum temperature, ana- 
logously to the use of colour changes in special 
paints and crayons. 





THE ‘“‘ MODEL ENGINEER” EXHIBITION.—This year 


thought desirable. This exploratory set of results | the « Model Engineer” Exhibition will be held at the 


may, however, stimulate others into extension of | 
this work. 


|S.W.1, from August 18 to 28. 


New Royal Horticultural Hall, Westminster, London, 
It will be open to the 


As the heat is generated in the oil film the public on each day from 11 a.m. until 9 p.m. Further 


temperature of the oil will be higher than that of 


the metal. Some thought was given to possible | °" 
methods of discovering how large the difference of | ©“ 


maximum temperature was. Dr. Schofield and Mr. | 
Barber, of the Physics Division of the Laboratory, | 
suggested that a graded series of low melting point 
metals might be shredded very finely and dispersed 
in the oil; then, by microscope observation, any 
change from jagged to globule form could be detected 
and would indicate whether the melting point had 
been exceeded. It was verified with gold leaf stated 
to be 2 x 10-* in. thick, that small thin flakes in 
oil would not interfere with the bearing operation, 
though the flakes were torn into very small fragments 





information may be obtained from the Exhibition mana- 
», Mr. E. D. Stogdon, 23, Great Queen-street, London, 
C.2 
W. E. HIGHFIELD SHIELD COMPETITION.—The Asso- 
ciation of Supervising Electrical Engineers announce 
that the 20th annual competition for the W. E. High- 
field Shield is now open. In addition to the Shield there 
will be cash prizes ranging from five guineas to two 
guineas. The competition is to determine the best 
educational paper, not exceeding 2,000 words, dealing 
with tbe electrical industry and/or the Association. 
All papers should be addressed to the general secretary 
and must reach the head office of the Association, 54, 
Station-road, New Barnet, Hertfordshire, not later than 
Thursday, March 31, 1949. 
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Published for the Bureau des 





Annuaire pour lan 1948. 


Longitudes. Gauthier-Villars, 55 Quai des Grands- 
Augustins, Paris (VIe). [Price 550 francs, in paper 
covers.] 


THe Bureau des Longitudes is an official body 
instituted in 1795 for the purpose of advancing those 
branches of astronomy with applications to geo- 
graphy and navigation, and of advising the Govern- 
ment on matters connected with the organisation of, 
and the work carried out by, French observatories 
and, missions of scientific exploration. It consists 
at present of 12 titular and six other members, 
as well as a number of correspondents and a staff 
of computers. Since 1889 it has been responsible 
for the publication of the French Nautical Almanac 
and, from 1915, of the corresponding aeronautical 
almanac. Its Annuaire has appeared without a 
break since 1796. Starting from 1926, each issue of 
this most useful publication has contained four 
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chapters devoted, respectively, to the Calendar, 
the Earth, Astronomy and Units of Measurement. 
The contents of the fifth and last chapter alternate, 
giving physical and chemical constants in even 
years, and geographical, statistical and related data 
in odd years. 

In addition to the calendar for 1948 and com- 
parisons between different calendars, Chapter I 
includes times of the rising and setting of the sun, 
moon and planets at Paris, data on eclipses, star 
positions and descriptive material on tides and 
bores. Chapter II is divided into six sections deal- 
ing, respectively, with geodesy, meteorology, atmo- 
spheric refraction, atmospheric electricity, solar 
radiation and terrestrial magnetism. In Chapter 
III astronomical data relating to the sun, moon, 
major planets, comets and stars are given, but, 
owing to inability to secure the necessary data, 
the usual section on the minor planets has had to be 
omitted. The section on the constellations has been 
rewritten and the admirable folding charts accom- 
panying it are new. The article on International 
Time Signals has been brought up to date and that 
on stellar spectra, contributed by M. Coudere, is 
new. The only changes in the chapter on units of 
measurement are notes indicating changes in the 
electrical and photometric units due to come into 
force in 1948, and the absence of the tables of mone- 
tary units. The tables of chemical and physical 
constants included in Chapter V are well known for 
their reliability and general usefulness. The 
section on radioactivity has been revised by M. 
Grégoire to keep pace with recent rapid advances. 

The value of the book as a source of reference is 
greatly enhanced by the excellent descriptive 
sections that introduce and accompany the tables. 
Those dealing, for instance, with meteors and 
meteorites, homogeneity and similarity, electro and 
magneto optics are models of clarity and concise- 
ness. The volume concludes with an article on 
sequences in meteorology by Professor Borel, a 
charming tribute to the memory of Charles Fabry 
by Professor L. de Broglie, a short obituary of 
A. Jobin, and a chronological list of the titular 
members of the Bureau des Longitudes from its 
foundation to the present day. 

A very complete index is provided with refer- 
ences not only to the current volume but to the 
volumes for the years from 1943 to 1947. Published 


in a handy format and printed in the impeccable [ 


style for which Messrs. Gauthier Villars are famous, 
the 1948 Annuaire maintains the high standard of 
its predecessors and, like them, is an invaluable and 
authoritative work of reference. 





Decay of Timber and its Prevention. By K. St. G. CaRtT- 
WRIGHT, M.A., and W. P. K. Frnpiay, D.Sc. Pub- 
lished for the Department of Scientific and Industrial 
Research by H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.] 

Tue story of H.M.S. Queen Charlotte, a 110-gun 

wooden ship, built at Deptford in 1810, which rotted 

so rapidly that she had to be completely rebuilt 
before ever being commissioned for sea, exemplifies 

a perennial source of loss that is deplorable to-day 

in view of the scarcity and cost of timber and of all 

that is known about the causes and prevention of its 
decay. Since an important proportion of that 
knowledge is due to the work of the Forest Products 

Research Laboratory at Princes Risborough, it is 

fitting and fortunate that two members of that 

laboratory’s staff should be the joint authors of 
what is possibly the most comprehensive and com- 
petent book yet published on the subject. Under- 
lying the word “‘ decay,” which appears in the title, 
is the implication that fungal attack is the pre- 
dominant source of loss, in standing and felled 
trees as well as in stored timber and structural wood- 
work. The biological aspects of the subject conse- 
quently figure prominently throughout the authors’ 
treatment, so that a good background knowledge of 
mycology and of the botany of industrial woods, 
as well as some experience in scientific methods of 
study, are essential for complete appreciation of the 

Tefinement employed to-day in diagnosing and 

investigating diseases of timber. 

This rather specialised scientific approach is most 
evident in the early chapters where, after being 
introduced to the physical agencies, fungi and 





bacteria which cause decay in wood, the reader is 
first shown how to examine infected wood and to 
prepare and identify cultures, and then guided 
systematically through the physiology of wood- 
rotting fungi, the physical, chemical and micro- 
structural effects of decay, and the diagnosis of the 
rots and causal fungi in growing trees, felled and 
exposed timber, and indoor building work. Subse- 
quent chapters discuss, along more descriptive lines, 
the practical aspects of decay throughout a wide 
range of industrial applications, including engineer- 
ing, mining, horticulture and the manufacture of 
plywood and composite wood products. An 
account of the characteristics and appropriate uses 
of naturally durable timbers, supported by a critical 
survey of the methods available for preventing decay 
in felled and converted timber during storage and 
shipment, provide a logical background against 
which the authors survey the materials and tech- 
niques employed for the chemical preservation of 
wood, to which is appended the British Standard 
method of test for the toxicity of wood preservatives 
to fungi. A final chapter, dealing with the staining 
and discoloration of timber, refers briefly to oxida- 
tion and chemical stains, but is mainly concerned 
with the agents, diagnosis, and prevention of fungal 

No more than a bare outline of the scope of this 
book is needed to demonstrate its right to be 
regarded as a standard work. In every respect— 
text, style, illustrations and documentation—it 
bears the stamp of authoritative knowledge com- 
bined with first-hand experience and critical skill. 
Timber specialists of every kind, from forestry 
inspectors and industrial botanists to commercial 
buyers and research workers, will add the book to 
their technical libraries as a matter of course. The 
ordinary run of engineers, architects and timber 
merchants may feel, not without justice, that the 
severely mycological sections are beyond their 
capacity to understand or to utilise; but there 
remains so much to interest and instruct all who are 
concerned with timber and its effective use as to 
make this book a valuable investment. 





The Amateur’s Lathe. By L. H. Sparky. Published for 
the Drysdale Press. Harborough Publishing Company, 
Limited, Edward Buildings, Rutland-street, Leicester. 
[Price 12s. 6d. net.) 

Tue word “ amateur” often means different things 
to different people, so that the title of this book may 
easily give an impression not in keeping with its 
contents. Quite clearly, to Mr. Sparey, the amateur 
is a patient enthusiast, possessing, or seeking, a skill 
which fears no comparison with professional stan- 
dards. He is sometimes, but not always, a model 
engineer. In the clearest language the essentials of 
lathe work, and the erection and treatment of the 
machine are conveyed. The author has a reverence 
for the lathe, and in return expects, and gets from 
it, so much more than the usual turning duties which 
may have been supposed by many to be the extent 
of its capabilities. The amateur’s lathe must turn, 
bore, screw-cut, drill, mill, shape, divide, saw, 
slit, spin, grind, hone, lap, wind coil springs, and, 
if need be, take on the appurtenances of a turret or 
capstan lathe for doing a wide range of “ mass 
production ” jobs ; all this with an accuracy which, 
with a very few exceptions, may be no less than that 
expected from the professional with his greater 
facilities and special machine tools. All these 
matters are referred to individually in this work, 
and are illustrated by numerous reproductions of 
photographs. Turning tools and accessories of all 
kinds receive special attention and fully dimen- 
sioned drawings of a number of accessories are given. 
Mention may be made of what surely is an error in 
Fig. 131, page 126, which illustrates a point in the 
text that, in parting large-diameter work, cuts must 
be taken in several stages. The tool is shown as 
having reached its full depth without any apparent 
effect at the opposite diameter of the work. In 
earnest of the merit of Mr. Sparey’s handling of his 
subject there might be added to the list of those 
to whom the book can be expected to appeal—the 
model engineer, the experimental engineer, the 
motorist, and the apprentice—that class of pro- 
fessional engineer who dimly suspects that a lathe 
can do more than turn, bore and face. 





MECHANICAL HANDLING 


EXHIBITION, OLYMPIA. 

Tue First National Mechanical Handling Exhibi- 
tion and Convention opened at Olympia on Monday, 
July 12, and will remain open daily, from 10 a.m. 
to 8 p.m., until the evening of Wednesday, July 21. 
It has been organised under the auspices of our 
contemporary, Mechanical Handling, with the sup- 
port of the leading associations in the industry. The 
whole of the ground floor and gallery of the National 
Hall is occupied by the stands of 130 firms, who 
display not only old-established appliances, such as 
cranes and trucks, but also the more recent machines 
with specialised uses, such as fork-lift trucks, and 
conveyors of all types. The opening of the exhibi- 
tion was marked by a luncheon to which we refer on 
page 63 of this issue. The convention, which 
runs concurrently with the exhibition, consists 
of a series of meetings at which 17 papers dealing 
with various branches of mechanical handling 
are being presented. The papers are illustrated 
by lantern slides, and in each case a discussion 
follows the reading. A colour film with sound 
commentary is being shown during the course of the 
exhibition. It deals with mechanical handling in 
five parts: introduction, coal and ash handling, 
handling of bulk materials, mechanisation of move- 
ment of ferrous and non-ferrous metals, and indus- 
trial handling. It runs for 1 hour 50 minutes, and 
the 16-mm. film will be available on loan after the 
exhibition, from the Mechanical Handling Engin- 
eers’ Association, 94-98, Petty France, London, 
8.W.1. 

Messrs. Stanhay, Limited, Ashford, Kent, showed 
one of their range of pneumatically-operated mobile 
cranes. The 3-ton model is shown in Fig. 1, on 
page 54, and the 1l-ton model in Fig. 2, on the 
same page. There is also a 2-ton model. In these 
cranes there is no winch, the jib being hinged 
about its base pivot to raise or lower the load. The 
jib is coupled to a parallelogram linkage which 
extends to the rear of the crane, where bell-cranks 
are operated by the rod of a piston working in a 
compressed-air cylinder. The piston is 18 in. in 
diameter and is fitted with five rings. In the case 
of the 3-ton crane, two compressed-air cylinders 
are used. The 1-ton and 2-ton cranes are propelled 
by a Ford 10-h.p. four-cylinder engine, with three 
forward speeds and a reverse gear. The twin rear 
wheels are driven by chain and sprocket giving a 
3:1 reduction; the maximum road speed under 
load is 9-7 miles an hour. The 3-ton crane is 
propelled by a Morris 12-24-h.p. industrial petrol 
engine, driving twin pneumatic-tyred wheels at the 
front. Steering is effected by twin solid-rubber 
tyred wheels at the rear of the 3-ton crane, and by 
a single solid-rubber tyred wheel at the front of 
the l-ton and 2-ton cranes. Compressed air is 
supplied by a two-stage compressor in the case of 
the 3-ton crane, and by a single-stage compressor 
for the 1-ton and 2-ton cranes. The compressors 
are driven by belt from the engine, and are 
to urload and cut in automatically at about 120 lb. 
per square inch. The compressed air is stored in 
two receivers. The operation of the crane is con- 
trolled by a single lever on the right-hand side of the 
driver’s seat; a movement of the lever in one 
direction causes the jib to lift, and a movement in 
the opposite direction lowers it. The crane is thus 
very simple to operate. The lifting and lowering 
motions are sensitively controlled, and there is a 
cushioning effect which is advantageous when 
travelling with a suspended load. Extensions to 
the jibs can be supplied to increase the height and 
reach (that shown in Fig. 1 is fitted with a jib 
extension), and the 1-ton and 2-ton cranes are now 
also made with four wheels for soft ground. The 
maximum heights of the jib hook without an exten- 
sion are : 1-ton crane, 15 ft. 8in. ; 2-ton, 12 ft. 4 in. ; 
3-ton, 12 ft. 10 in. The headroom required for the 
passage of the cranes is only 10 ft. 

Messrs. Tecalemit, Limited, Great West-road, 
Brentford, showed some of their lubrication systems, 
which are particularly suitable for use on mechanical- 
handling equipment. The Bijur controlled-lubrica- 
tion system incorporates a lubricator with a metering 
pump, a single pipe-line from the lubricator, and a 
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EXHIBITS AT THE MECHANICAL HANDLING EXHIBITION, OLYMPIA. 








Fig. 1. 3-Ton Pneumatic CRANE; 


metering valve for each lubricating point, up to a 
maximum of 100, each of which is fed with the 
correct amount of oil under pressure. The valves 
each comprise a small felt filter and consist of a 
metering pin fitting in a standard-size hole, so that 
by selecting a suitable sized pin the amount of oil 
which will pass can be made appropriate to the duty 
of the bearing. A non-return valve is also included 
and this ensures that the pipe-line is always full 
of oil. Three types of lubricators can be supplied : 
an “automatic” lubricator which is driven by a 
shaft ; a ‘“‘ continuous ” lubricator which is driven 
by an eccentric, cam or a reciprocating part ; and 
a hand-operated lubricator. The Line-o-Matic one- 
line lubrication system employs a single tube from 
the supply of lubricant in a compressor which is 
manually, electrically, or air-operated. With a 
manual system the operator pumps lubricant until 
he feels the pressure fall, due to the opening of a 
bleeder valve, when an “injector” at each lubri- 
cating point feeds a pre-determined quantity of 
lubricant. With a fully-automatic system this 
operation is repeated automatically at any desired 
regular interval between 2 and 180 minutes. 

Some portable lubricating appliances are exhi- 
bited by Messrs. G. B. Ward and Company, Limited, 
Royal Insurance Chambers, Winckley-square, Pres- 
ton. One of these is designed to be carried on the 
back, like a rucksack, and is particularly suitable for 
an operator who is obliged to climb ladders to reach 
lubricating points in awkward places. Its total 
weight is 15 lb., including { gallon of oil. The two 
small drums which contain the oil are charged with 
a small quantity of air at 10 lb. to 15 lb. per square 
inch, to ensure that the oil will travel along the 
flexible pipe to the gun. The other portable lubri- 
cators shown are rather larger and are mounted on 
a pair of wheels or skids. 

A compact appliance for moving railway wagons, 
exhibited by Messrs. B.S.A. Cycles, Limited, Bir- 
mingham, 11, is shown in Fig. 3, on this page, 
from which the method of operation will be appa- 
rent. The B.S.A. truck mover is mounted on two 
solid-rubber tyred wheels, which run on the rail. 
A 320-c.c. side-valve petrol engine drives the rear 
wheel through a gearbox which provides three 
forward speeds, the maximum speed being 2-75 
miles an hour.: The engine also drives a pump to 
supply oil to the hydraulic ram, which is used to 
transfer part of the weight of the wagon to the 
wheels of the appliance, and is raised or lowered 
by moving a single lever. The ram exerts a vertical 
thrust of 2 tons, and has a lip to engage the 
headstock of the wagon. The handlebars can be 








swung sideways, and locked in either of two oblique 
positions on each side, to enable an operator to 








STanway, Fie. 2. 





1-Ton Pneumatic Crane; Stannay, LiMiTED. 








Fia. 3. 


approach between two wagons. The truck mover 
will propel a weight of 100 tons on a level track ; 
it readily negotiates points, and can also be used for 
turning a wagon on a turntable. The total weight 
is approximately 3} cwt., and its overall length is 
6 ft. 7 in. The petrol consumption is about 3 pints 
per working hour. 

An overhead conveyor system which does not 
impart any stresses to the surrounding structure 
or building is demonstrated by Messrs. Fisher and 
Ludlow, Limited, Gridway Division, Rolfe-street, 
Smethwick, 40. It is called Flowlink, and has the 
additional advantage that it can be erected so as to 
raise the conveyed loads to any height, and return 
them to the first level, in a length of 16 ft. Right- 
and left-hand bends and straights, of course, are 
readily arranged. The chain consists of alternate 








Rattway Truck Mover; B.S.A. Cycizs, Limrrep. 


sets of horizontal-axis and vertical-axis rollers, 
running in grooves and on the faces, respectively, 
of two pressed-steel tracks. Each load is carried 
on a set of four horizontal-axis pulleys, which also 
take the thrust at vertical bends, and the inter- 
mediate sets of eight vertical-axis pulleys take the 
thrust at horizontal bends. 


(To be continued.) 





DIESEL-ELECTRIC LOCOMOTIVE.—The London Midland 
Region have modified the fuel-injection equipment of one 
of their Diesel-electric shunting locomotives to increase 
the horse-power from 350 to 400 at 680 r.p.m. This has 
been done with the object of determining whether the 
additional power can be used effectively in shunting 
operations. 
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THE HIGH-TENSION ELECTRIC 
LINES CONFERENCE IN PARIS. 


As already mentioned in ENGINEERING, the biennial 
meeting of the Conférence Internationale des Grands 
Résaux Electriques & Haute Tension (C.J.G.R.E.) was 
held in the handsome building of the Fondation 
Berthelot, 28 bis Rue Saint-Dominique, Paris, from 
Thursday, June 24 to Saturday, July 3. It was 
attended by over 1,000 delegates from the western 
European countries, from the British Dominions and 
from the United States, and resulted in a useful inter- 
change of views on practice and theory, both at the 
official and unofficial meetings. A delegation of some 
150 engineers was present from this country and, as a 
result of excellent organisation, was able to contribute 
opinions on a number of subjects on a co-operative 
rather than an individual basis. If this gave an 
appearance of solidarity, which more intimate dis- 
cussion sometimes showed was superficial rather than 
real, it also enabled the British case on a number of 
subjects to be adequately and forcibly presented. The 
facts that the ground covered was so wide, and that the 
proceedings were conducted in three official languages— 
English, French and Russian—presented the organisers 
with many difficulties. Great credit is therefore due to 
the Conseil d’Administration, the French delegates 
(who acted as hosts), and the officials of the various 
national delegations, for the smooth operation of the 
machinery. 

Some twenty meetings in all took place during the 
conference at which over 120 papers were presented. 
These covered such subjects as the high-voltage 
transmission of both alternating and direct-current, 
alternators, circuit-breakers, insulators and insulating 
oils, lightning and surges, towers and tower founda- 
tions, cables, etc., network stability and load and 
frequency control. We refer below to some of the 
communications of more engineering interest, and in 
doing so, have adopted a grouping by subjects; no 
attempt has been made to maintain strict chronological 
order. 

In a paper on “ High-Voltage Direct-Current Trans- 
mission from the Point of View of Planning Large 
Systems,” Mr. F. Busemann said that information on 
high-voltage direct-current transmission in various 
countries showed that both it and alternating current 
would be employed in future. This made it desirable 
for the planner of large power systems to know what he 
could and could not expect from the new methods, 
so that each system might be used in accordance 
with its special technical and economical merits. 
Proper assessment of the latter was made difficult by the 
fact that direct-current was only economically com- 
petitive with alternating current when the transmission 
distances and power ratings exceeded certain values. 
To bring the direct-current equipment up to such a 
technical standard of reliability as would justify its 
installation in large plants required the collection of 
data from smaller plants, the capacity of which was on 
the wrong side of the economical demarcation line. 
The planner might therefore be led to wrong conclusions. 
It was the object of the paper, therefore, to discuss the 
practical aspects of direct-current transmission, so that 
future decisions might be facilitated. 

A consideration of the factors involved indicated that 
direct-current was a suitable means of transmitting 
power in bulk over long distances. For simple trans- 
mission between one point and another it became 
competitive with alternating current at distances 
between 180 and 360 miles, for the saving on line costs 
then exceeded the extra cost of the terminal stations. 
This advantage increased as the distances became 
longer. If control and protective schemes using 
inverters were employed a reliable service could be 
obtained between two terminal points without using 
direct-current circuit breakers. This was an advantage 
since the present forms of this equipment were more 
expensive than those of equivalent duty for alter- 
nating current, unless the security limit were re- 
duced. As a result, the interconnection of systems was 
not likely to be economical in the immediate future ; 
and even when it became possible it would still be 
necessary to restrict short-circuit currents to values 
below those usual in alternating-current practice. 
Direct-current would probably show great advantages 
over alternating current where it was possible to use 
cables, but special attention would have to be paid to 
the surge strength and protection of these links where 
they were connected in series with overhead lines. 
Alternating current would still retain its position for 
distribution and where systems had to be inter- 
connected, owing to the cheapness with which it could 
be transformed and the ease with which it could be 
controlled. 

Dealing with “The Operation of Long-Distance 
Power Transmissions at High Voltages,” Mr. I. Herlitz 
said that the| development of the 380-kV transmission 
system in Sweden had brought operating problems 
connected with high line capacitance into the fore- 
ground. Generally speaking the most economical way 





of operating a transmission line could not be decided by 
studying the line itself, as other factors, especially the 
relative cost of producing reactive power at the two ends 
had to be considered. For very long high-voltage 
lines, however, the cost of producing the reactive 
power, or rather of consuming the reactive power 
generated by the line, would be practically the same at 
both ends. The problem then was to determine the 
operating conditions that gave the minimum loss, 
bearing in mind that the voltage at all points of the line 
should be kept below the limit set by the insulation. 
Even under these conditions the exact treatment of the 
problem was not easy, although the following rules 
might be taken as applying with reasonable accuracy : 
both ends of the line should be kept at nearly the same 
voltage and, at very light loads, this voltage should be 
reduced to such a value as would ensure that the 
charging power of the line was 3-5 times the active load 
transmitted. At higher loads, when this rule gave a 
voltage equal to the maximum for which the line was 
insulated, the voltage at the mid-point should be 
maintained at the highest permissible value, with the 
terminal voltages slightly lower. Where the load 
exceeded that for which the line was designed, the 
terminal voltages should be kept as high as possible. 
Corona losses, however, might justify a reduction in 
voltages. 

On one section of the 380-kV Swedish line now in 
use, the maximum efficiency occurred with a load of 
about 50 MW at the minimum voltage of 340 kV 
obtainable with the transformers. The loss was then 
about 1-25 per cent., increasing to 1-6 per cent. at 
25 MW. The no-load loss amounted to about 0-31 MW, 
which was almost exactly 0-1 per cent. of the capacity 
of the generating station. The charging current was 
therefore of little importance and was definitely 
exceeded by the corona losses. Manual voltage regula- 
tion was possible as long as the capacitive load reactance 
exceeded the synchronous reactance, while automatic 
regulation could be used as long as the capacitive load 
reactance exceeded the quadrature synchronous re- 
actance. The Swedish system was arranged so that the 
line could be energised manually with only one genera- 
tor. This result had been obtained partly by the use 
of low synchronous reactances and partly by reactive 
loading. When the line was disconnected at the sub- 
station, a voltage of 370 to 380 kV to earth might 
appear in the power station and of 470 to 485 kV at 
the free end of the line. 

“The Swedish 380-kV System *’ was also described 
at some length in a paper by Messrs. W. Borquist and 
A. Vrethem, who said that the supply of electricity 
in Sweden was essentially based on water power, of 
which only about 35 per cent. had been utilised so far. 
The main centres of consumption were in the south of 
the country, while the principal resources were in the 
north. A characteristic feature of the system was, 
therefore, that the distances to be covered were long, 
thus making stability the main factor in the trans- 
mission problem. At present, about 750 MW and 
4,000 million kWh per annum were being transmitted 
from the north to the south of Sweden over five 220-kV 
lines, the average length of which was 450 km. (280 
miles). By 1955, about 7,000 million kWh would have 
to be transmitted. This would be increased to 18,000 
million kWh over a distance of about 800 km. (500 
miles) when all the resources were utilised. As this 
would mean no less than 31 220-kV lines, it was obvious 
that the transmitting capacity must be increased by 
using higher voltages. 

The problem became acute in 1946, when it was 
decided to erect a station at Harspranget, about 
1,000 km. (625 miles) north of Stockholm. For this 
purpose, it was clear an alternating-current system at 
220 kV would be neither economically nor technically 
suitable; also to transmit the 3,000 MW available by 
direct-current could not be seriously contemplated for 
technical reasons. A compromise system, using both 
direct-current and alternating-current lines on the 
same towers, was abandoned for the same reason, 
and owing to the large transmitting capacity necessary 
on the southern section of the system. Investigations 
were therefore made into the relative advantages of 
using 380 kV and 440 kV, and, although the capital and 
running costs of the latter were both lower, it was 
finally decided to employ the former, as the change- 
over from 220 kV was technically easier. This decision, 
however, must not be taken to imply that the State 
Power Board had lost interest in high-tension direct- 
current transmission. Work on the subject was 
continuing, and it was regarded as possible that its 
adoption would be the natural solution in, say, 15 years. 

The line, which was to be completed by October, 
1950, when the Harspranget station would be ready, 
would be operated for a short time at 220 kV and 
subsequently at 380 kV. It was, however, being 
designed so that it could be converted to 400 kV at, 
any time. It was 970 km. (606 miles) long, with 
three transformer and switching stations. Two con- 
ductors, each of 31-7 mm. (1-24 in.) diameter, were 
to be used per phase, with a spacing of 45 cm. (17-7 in.). 





The insulation level of the station and line equipment 
was designed to withstand an impulse voltage of 
1,775 kV. This figure might be regarded as repre- 
sentative of future developments on the line, but that 
on the transformers and circuit breakers might possibly 
be reduced as the network was extended. 

The “‘500-kV Testing Station,” which had been 
constructed by the American Gas and Electric Service 
Corporation in co-operation with eight manufacturers of 
high-voltage apparatus and equipment at Tidd, on the 
River Ohio, 48 miles from Pittsburgh, was described 
by Messrs. I. W. Gross and C. F. Wagner. This station, 
the authors said, had been designed to enable corona 
measurements to be made on a full-scale transmission 
line energised by a full-size transformer and other 
equipment, similar to that which would be used in 
extra high-tension transmission. Provision was made 
so that the conductor size, type and arrangement, the 
spacing between conductors, the number of insulators, 
and the height of the earth wires, could all be varied. 
The effects of different atmospheric conditions and 
electric earth gradients could be studied by recording 
instruments, and investigations could be made-to ascer- 
tain how radio reception was influenced by corona and 
on the extent to which insulator loss was affected by fog 
and other atmospheric conditions. Conductors with 
diameters up to 2 in., of both the segmental and stranded 
types, would be tested, as well as grouped conductors 
consisting of two, three or four wires per phase spaced 
at distances of 1 ft. or 2 ft. The number of insulators 
could be varied up to a maximum of 30, and the effect 
of the absence or presence of earth wires at different 
heights could be studied. 

The results of several “ Economic Studies of Long- 
Distance Alternating-Current Power Transmission ” 
were given in a paper by Mr. S. B. These results 
had been confirmed by present developments in design 
and might be taken to indicate the direction in which 
P would be made. Means were available, which 
enabled economies to be effected by increasing the 
loading per circuit at a given voltage. Transmission 
costs could be reduced by the employment of solidly 
earthed neutrals, as this enabled the insulation both 
of the transformers and the lines to be reduced and 
smaller conductors, from the corona standpoint, to be 
used. For lines more than 200 miles long, the need for 
stability made it economically desirable to operate at 
nearly the maximum designed voltage of the equipment. 
both at the sending and receiving ends. The use of high- 
conductivity conductors was desirable in order to 
increase the loading and to reduce the capital cost of 
supplying the real and reactive losses. When the 
transmission distance exceeded 200 to 300 miles, line 
compensation, either by series capacitors or inter- 
mediate synchronous condensers, ame desirable. 
The use of grouped conductors enabled the loading per 
circuit to be increased from 25 to 50 per cent. and was 
worth while if the increase in line cost did not exceed 
the increase in line loading capacity. In addition to 
increasing the economy of transmission, high line con- 
ductivity practically eliminated corona at all voltages 
up to 230 kV. A voltage of 287 kV was the most 
economical for transmitting 200 MW per circuit over 
distances of 300 miles and for distances as low as 
100 miles when the load reached 350 MW per circuit. 
For distances of from 300 to 600 miles, 360 kV was 
the most economical voltage. Transformer costs 
formed the chief limitation to the use of voltages 
higher than 360 kV, even for long distances. The 
most economic kilowatt loading varied from about 
60 per cent. above the surge impedance loading at 
100 miles to about the surge impedance loading at a 
distance of 600 miles. Hydro-electric generators and 
their step-up transformers supplying power to long- 
distance transmission systems could be built justi- 
fiably with reactances of less than the normal value. 
On multiple transmission systems, using more or less 
parallel routes, switching stations could be justified 
economically at intervals of about 100 miles. To 
transmit loads of about 200 to 350 MW per circuit at a 
high load factor with modern equipment was compe- 
titive with other methods of transport and might be 
expected to attract renewed interest. Systems were 
now entering a stage in development when added 
generating capacity would be located at greater dis- 
tances from the load centres. The construction of 
large generating stations for connection to well inte- 
grated systems would therefore be encouraged, so that 
transmission could be effected at high circuit loadings 
and load factors. 

“The 500-kV Experimental Station at Chevilly,” 
which was set up to study the arrangement of 400-kV 
lines, especially from the standpoint of corona effect, 
and for comparing the behaviour of “‘ bundle ” conduc- 
tors with that of conductors of the large-diameter hollow 
type, was described in a paper by Messrs. P. Ailleret and 
F. Cahen. A single span 500 m. (1,650 ft.) long, which 
was the average for the Breuil-Chevilly line, was used, 
and consisted of towers of the usual suspension type 
from which either hollow or ‘‘ bundle” conductors 
could be strung. The line was anchored at its two 
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ends by cables which were connected mechanically to 
the phase conductors, but which were separated from 
them by double insulator chains. The height of the 
line above ground was 24 m. (79 ft.) at the suspension 
points and 8 m. (26 ft.) at mid-span. The “ bundle ” 
conductors consisted of two cables of 411 sq. mm. 
(0-64 sq. in.) section and 26-4 mm. (1-04 in.) 
external diameter of the type standardised for the 
French 220-kV lines. The hollow conductors were 
40, 45 and 50 mm. (1-58, 1-77 and 1-97 in.) in diameter. 
The bundle conductors could be arranged either hori- 
zontally or vertically and could be spaced at distances 
between 20 and 80 cm. (7°87 and 31-5 in.). The 
separators, which were made of Bakelised wood, could 
be placed between the conductors of each phase, 
either at the middle or at intermediate points in the 
span. Wooden supports had also been placed under 
each of the three phases to support the conductors and 
to prevent any contact with the ground. There were 
two steel earth wires. These were 70 sq. mm. (0-11 
sq. in.) in cross section and were placed 14 m. (45 fc.) 
above the phase conductors and 22 m. (72 ft.) distant 
from them. 

Power for operating the station was supplied from 
three 106-kVA single-phase transformers. The primary 
winding of these, which was designed for 11 kV, was 
provided with two ratio adjusters, so that secondary 
voltages from 178 to 289 kV to earth, i.e., from 398 to 
500 kV between phases could be obtained in 64 steps. 
One end of the secondary winding was permanently 
connected to earth through a current transformer. 
When operating three-phase, the primary was con- 
nected in delta and the secondary in star, the neutral 
being earthed. On the insulated terminal of the secon- 
dary there was a metal bell into which a current trans- 
former, condenser and wattmeter could be fitted. This 
bell was pierced by a horizontal slot, so that the instru- 
ment could be observed through field glasses. A 
recording barometer, thermometer, hydrometer and 
rain gauge were provided for checking the meteoro- 
logical conditions. The corona-testing station com- 
prised a single-phase isolated line 11 m. (36 ft.) long, 
which passed through the ventre of a metal cylinder 
2 m. (6 ft. 6 in.) in diameter and was connected to 
earth. The ends of this cylinder were insulated from 
the central part and acted as guide rings. 

Tests with this equipment started at Chevilly a year 
ago but not yet completed, showed that the losses 
were practically the same when the conductor spacing 
was between 20 and 40 cm. (7-9 and 15-8 in.), but 
increased considerably when it was above 60 cm. 
(23-6 in.), especially in rain. At 80 cm. (31-6 in.) 
they were at least four times as great as at 40 cm. 
(15-8 in.). Radio interference was practically the same 
when the spacing was between 20 and 40 cm. (7-9 and 
15-8 in.), but became more serious when it was in- 
creased to 60 cm. (23-6 in.). With the conductors 
arranged horizontally and a 40 cm. (15-8 in.) spacing, at 
least two spacers were required per 500 m. (1,625 ft.) span 
to prevent sticking in the wind and to ensure release 
after short-circuit. With 60 cm. (23-6 in.) spacing 
one spacer was sufficient. It therefore appeared that a 
spacing between 40 and 60 cm. (15-8 and 23-6 in.) 
should be chosen as, although the losses were lower 
when the spacing was less, greater spacing permitted 
an economy in the number of spacers. Both hori- 
zontal and vertical arrangement of the conductors 
gave the same results as regards corona losses, radio 
interference and load carrying capacity. With the 
vertical arrangement, fewer spacers could be used at 
the cost of a slight increase in tower weight and 
therefore greater expense. The maximum service 
voltage selected depended on the corona losses and radio 
interference. At 400 kV in fine weather the losses were 
less than 0-5 kW per km. (0-8 kW per mile), and were 
therefore comparable with those on 220-kV lines. The 
radio disturbances were also a little greater. In this 
connection the important point was at what distance 
the interfering field would be less than, say, 50 micro- 
volts per metre (15 microvolts per foot). Raising the 
voltage from 400 to 440 kV increased the corona losses 
from 1-5 to 3 times, while the interfering field was 
almost doubled. In very bad weather, with a spacing 
of 40 cm. (15-8 in.), there was an average loss of 5-2 kW 
per km. (8-3 kW per mile) on a 440-kV line. This was 
an acceptable amount and over a long period would 
obviously be less, owing to variations in the weather 
conditions. On the other hand, it was not certain 
that a corresponding increase in radio interference 
could be allowed, as this would mean an extension of 
the disturbed zone in the neighbourhood of the line. 


(To be continued.) 





DRAFTING MACHINE.—Messrs. Mavitta Drafting Ma- 
chines, Limited, Highlands-road, Shirley, near Birming- 
ham, have introduced a simpler and smaller model of 
the type of drafting machine which we described on 
page 275 of our 147th volume (1939), for use on Imperial- 
size boards. The “‘ Mavitta Minor’’, as it is called, is 
provided with one scale which will rotate through 180 deg. 








ROSENBLAD HEAT EXCHANGER. 


MESSRS. ASHMORE, BENSON, PEASE AND 
Fig. 1. 
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THE ROSENBLAD SPIRAL HEAT 
EXCHANGER. 


As a general rule, liquid heaters and coolers of the 
conventional type have their heat-transferring surfaces 
built up from tubes. In contrast with this, the Rosen- 
blads’ spiral heat exchanger, which is illustrated in 
Figs. 1, 2 and 3 on this page, has the heating surface 
built up from plates. This type of heat exchanger is 
manufactured by Messrs. Ashmore, Benson, Pease and 
Company, Limited, Parkfield Works, Stockton-on-Tees, 
in association with the Rosenblads Patent Company, of 
Stockholm, Sweden, and consists of two plates of 
suitable metal rolled up, one within the other, to form 
concentric spirals. The plates are connected to a single 
central header and to two headers at the periphery of 
the heat exchanger, the spiral plates and the headers 
together forming two independent passages through 
which the liquids flow, generally in opposite directions. 
Fig. 3, on this page, is a view of a completed heat 
exchanger with one cover removed, while the drawings 
reproduced in Figs. 1 and 2 show partly sectioned 
elevational and plan views of the unit illustrated in 
Fig. 3. The two plates forming the spirals are lettered 
a and b, in Fig. 2, and it will be seen that they are held 
apart by welding the two plates to packing strips. 
The strips, however, are welded to one side only of each 
passage, the other side of the passage being left open, 
the open sides being sealed by the insertion of suitable 
packing between the edges of the plates and the covers. 
It will be noted from Fig. 1 that the covers are excep- 
tionally rigid. With this form of construction, it is 
impossible for the two liquids to become mixed should 
the packing fail; furthermore, removal of the covers 
leaves the passages exposed completely, thus making 
cleaning a relatively simple operation. 

When the unit is in operation, the liquid to be cooled 
enters by the inlet branch lettered c in Fig. 1, passes 
into the right-hand side of the central header d and 
through one of the spiral passages, as indicated by the 
chain-dotted arrows, to the outlet branch lettered e in 
Fig. 2. The coolant, however, enters at the periphery 
of the unit through the inlet branch lettered f in Fig. 2, 
flows to the left-hand side of the central header, as 
indicated by the full arrows and then to the outlet 
branch lettered g in Fig. 1. It will be noted that the 
incoming coolant flows round the outside of the unit, 
so that the loss due to radiation is practically negligible 
as the surface exposed to the atmosphere is at the 
same temperature as that of the incoming coolant. 
The heat exchanger illustrated has a surface area of 
624 sq. ft. and has been designed to heat 43-3 tons of 
water per hour from 18 deg. C. to 70 deg. C. by cooling 
45 tons of condensate from 90 deg. C. to 40 deg. C. 
The working pressure on both sides of the unit is 50 Ib. 
per square inch and the pressure drop in both passages is 
13 lb. per square inch. 

The type of heat exchanger described above is used 
for the transfer of heat between two liquids. Two 





further types are available, however, one of which is 
used for the condensation of vapour where only a small 
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Fie. 3. Heat EXCHANGER WITH COVER REMOVED. 


pressure drop is permissible, while the other is employed 
for the recovery of heat from vapour and vapour-gas 
mixtures. In the former type, the coolant flows 
through the external passage to the central header, 
while the vapour flows vertically downwards through 
the inner passage. The latter type is similar to that 
illustrated, the vapour entering the central header 
through the top cover. As the vapour flows from the 
header towards the periphery, however, part of it is 
condeased. In order to maintain the correct velocity 
of the vapour, therefore, the top cover is arranged so 
that some of the incoming vapour flows directly into the 
innermost turns of the spiral passage, the outer turns of 
the passage being sealed in the manner already described. 

Perhaps the main advantage of the spiral heat 
exchanger is that the width of the spiral plates and 
the spacing between them can be arranged to suit the 
flow of the heating and cooling liquids with regard 
to both the heat-transfer rate and the pressure drop. 
It will be obvious, therefore, that for any specific 
purpose the surfaces can be reduced as compared with 
those required in conventional heat exchangers, which 
is an important consideration when the unit has to be 
constructed from expensive materials such as stainless 
steel. This factor also contributes to compactness of 
the design, thus saving weight and reducing the space 
required for installation. 

The units are manufactured in sizes in which the 
surface area ranges from 6 sq. ft. to a maximum of 
1,200 sq. ft.; several units, however, can be arranged 
either in parallel or in series. The maximum width of 
plate and the maximum diameter of the unit is limited 
to approximately 4 ft. The units can be constructed 
from either mild or stainless steel, Monel metal, or 
copper and, if required, can be supplied with supporting 
trunnions to facilitate handling when cleaning; the 
heat exchanger illustrated is fitted with trunnions, 
and these are lettered h in Figs. 1 and 2. 

Spiral heat exchangers, it may be remarked in con- 
clusion, have many applications and are particularly 
suitable for food-processing plants; in the canning 
industry, for example, they have been adopted as 
heaters, coolers and pasteurisers for a variety of 
products. Their use, however, is not confined to this 
class of work, and they are being employed in various 
industries, such as wf oil and sulphuric-acid produc- 
tion, brewing, tanning, etc., as well as in the textile 
industry. 
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WORK CARKIER FOR CENTRELESS GRINDING. 


MESSRS. ARTHUR SCRIVENER, LIMITED, BIRMINGHAM. 














Fie. 1. Loaprya Posrrion. 














Fie. 2. Gruxpine Postrion. 
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WORK CARRIER FOR CENTRELESS 
PLUNGE GRINDING. 

THE process of plunge grinding, or in-feed grinding, 
as it is sometimes called, has been rendered automatic 
by the controlled-cycle method of advancing and with- 
drawing the control wheel-head when grinding shoul- 
dered, tapered, or formed work. Various types of 
magazines and carriers for feeding the work into the 
grinding machine have been introduced, and one due to 
Messrs, Arthur Scrivener, Limited, Tyburn-road, Bir- 
mingham, is illustrated on this page. It is described 
as a vertical-lift magazine, although, as it only holds 
one part at a time, it would seem more appropriate 
to describe it as a carrier. It is used on a Scrivener 
controlled-cycle centreless grinder, and is shown in 
the loading position in Fig. 1, in the grinding position 
in Fig. 2; the principle is illustrated in Fig. 3. 

The carrier is particularly suitable for grinding the 
two ends of parts such as small electric-motor shaft 
assemblies (one of which is shown in the carrier and 
another on the corner of the box in Fig. 1), or engineers’ 
hammer heads. Each end is ground between a pair of 
grinding wheels, suitably profiled, and there are conse- 
quently four wheels in all. It is obviously difficult to 
handle a part which is to be ground in this way, par- 
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ticularly if, as is usual, the control wheel-head of 
the machine only moves % in. from the open to the 
grinding position. There is the risk that the part will 
be damaged by accidenta] contact with the wheels 
when it is being placed on, or removed from, the work- 
plate. The carrier is described as semi-automatic : 
the part is placed on it by hand, in the position shown in 
Fig. 1, but the feeding of the part into position on the 
work-plate by the carrier is automatic. 

A hydraulic cylinder a, Fig. 3, actuates a bell-crank 
consisting of a short lever 6 and along leverc. An arm 
d, with brackets at its lower end to support the part to 
be ground, is pinned to the lever c, and can hang freely 
from it. The piston rod of the hydraulic cylinder moves 
between two limiting stops and causes the arm d to rise 
and fall. The correct path for the piece to follow in its 
downward movement to the work-plate is determined 
by the contour of a cam attached to the arm. This 
cam makes contact by gravity with a fixed pine. The 
cylinder is controlled, by solenoid-operated hydraulic 
valves, from the slide of the controlled-cycle unit, which 
alternately advances the wheel for grinding and with- 
draws it on completion of the process. 

The operator places a piece in the carrier arm when it 
is in the raised position (Fig. 1), and depresses the start- 
ing lever on the machine. From this point, the whole 
cycle is automatic. The piece is lowered on to the 
work-plate, the wheels are fed in, grinding takes place, 
the wheels are withdrawn, the carrier arm is raised, 
and the machine stops for the operator to remove the 
piece and insert another. The appliance has been 
designed so that it is impossible for the controlled-cycle 
slide to come into operation until the piece is correctly 
in position on the work-plate. A safety shutter is also 

rovided to prevent a piece from being dropped 
tween the wheels. Typical hourly rates of produc- 
tion on a machine using this carrier are: 300 motor 
shafts plunge ground on three diameters to within 
+ 0-0001 in., removing 0-005 in. of metal; and 200 
hammer heads ground on the taper and ball-peen ends, 
removing from 0-020 in. to 0-050 in. of metal. 


‘and it is responsi 
|ment work (as distinct from research) carried out 





THE POST OFFICE ENGINEERING 
RESEARCH STATION. 


AN opportunity of seeing something of the research 
and development work carried out by the Post Office 
Engineering Department, was provided on Thursday, 
July 1, when an exhibition was held at the Post Office 
Research Station, Dollis Hill, London, N.W.2. The 
Research Station is a branch of the Post Office Engi- 
neering Department, of which Mr. A. J. Gill, B.Sc. 
(Eng.), M.I.E.E., is Engineer-in-Chief. The research 
at Dollis Hill is under the general direction of the 
Controller of Research, Dr. W. G. Radley, C.B.E., 
M.I.E.E., and it is carried out by five main groups, 
each under a staff engineer or senior principal scientific 
officer. The apparatus division, of which Mr. W. West, 
B.A., M.I.E.E., is the head, is responsible for the 
development of telephone and telegraph equipment, 
and for work relating to the mechanisation of postal 
processes, such as the sorting and franking of mail; it 
also investigates electro-acoustic problems. An elec- 
tronics group, directed by Dr. L. E. Ryall, M.I.E.E., 
conducts research on radio valves, and develops some 
of the special types needed by the Post Office. Mr. R. J. 
Halsey, B.Sc. (Eng.), M.1.E.E., directs the transmission 
section, which covers problems of line transmission, 
excepting those arising from telephony and television 
over land co-axial cables. The materials division, 
which includes a mechanical testing section, carries out 
physical, metallurgical and chemical research with the 
objects of selecting and building up materials suitable 
for telecommunication equipment. The division also 
investigates corrosion problems, and is under the 
general direction of Mr. C. E. Richards, F.R.I.C. 
The head of the mathematics and physical research 
group is Dr. R. F. J. Jarvis, A.M.I.E.E.; as well 
as undertaking mathematical work, this division is 
responsible for patent questions, and for the Engi- 
neering Department’s scientific information services. 
In addition to the above-mentioned divisions, there 
is also a Radio Development Branch. This is under 
the direction of Captain C. F. Booth, O.B.E., M.LE.E., 

ble for most of the radio develop- 


at the Station. It is also concerned with questions 
of frequency standards, and the development of piezo- 
electric quartz crystal units. This branch also controls 
laboratories in various parts of the country where special 
developments are studied under conditions more free 
from radio interference than Dollis Hill. The total 
staff at the Dollis Hill Station, including administrative 
and workshop personnel, is about 900. 

Some eighty exhibits, of which only a very few can 
be mentioned here, were demonstrated. Among them 
were those in the Postal Engineering Laboratories, 
where long-term developments were p ing on 
mechanical equipment for speeding-up the handling 
of mail. A laboratory prototype of an automatic 
letter-facing machine stacked letters for franking at 
the rate of about ten a second. The letvers were 
guided on their edges by fast-moving belts to photo- 
electric scanning devices, each of which actuated an 
electromagnetic relay when a stamp through 
the relevant light beam. The relay then operated to 
divert the letter into a channel which led to the 
stacking tray. Four scanners were provided, since 
an envelope could be supplied to the machine with 
the stamp in any one of four corners (relative to 
the conveying and guiding belts); a letter with its 
stamp or stamps incorrectly placed did not pass to 
the stacking tray. The owelting was taken round 
various rollers to ensure that all correctly stamped 
letters were fed to the tray in the position required 
for franking. 

Photo-electric scanners were also used in demonstra- 
tion equipment being designed to sort out long enve- 
lopes from a rapidly moving stream of mail. When a 
long envelope through the scanner, it inter- 
rupted three parallel beams of light simultaneously, 
thereby actuating a relay which deflected the letter into 
a special tray. Another long-term development under 
consideration was the automatic sorting of mail by the 
use of markings or codes which were nearly invisible 
in normal light, but which fluoresced under ultra-violet 
light. In the demonstration, an operator depressed 
various keys to mark the envelopes, which then 
to a scanning system. This “ read” or “ interpreted ” 
the codes, and controlled the electromagnetic relays 
which guided the letters to their appropriate destination 
—_— In the final lay-out of such equipment, the keys 

ill be selected according to the postal districts on the 
envelopes, and will probably actuate some form of 
coding machine, thereby allowing the operator to work 
in a room remote from the distracting noises of auto- 
matic machinery. Other equipment in an early develop- 
ment stage was a letter separator being designed to 
supply letters at a uniform rate to the franking and 
sorting machines just mentioned. Rollers in this 
machine carried mail to the end of a channel, where 
the letters were picked up in turn by a cam-operated 
suction arm; this lifted each letter up to a pair of 
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rotating rollers which shot it into a receiver bin. 
Some of the apparatus being developed for enabling 
long-distance telephone calls to be dialled directly, 
and, eventually, by the ordinary subscriber, was also 
demonstrated. One of the main difficulties is that the 
signalling or call frequencies must lie within the 
frequency range of the human voice in order to be 
transmitted satisfactorily over long distances ; normal 
speech may therefore produce effects similar to those 
caused by signalling. The apparatus shown included 
a voice-frequency receiver incorporating two electro- 
magnetic relays; these relays, when operated simul- 
taneously, controlled the number selecting gear at 
the receiving end. Each relay was actuated by a 
sa apc frequency, either of which could be produced 

y the voice, though not both together. The signalling 
system was therefore designed to inject both fre- 
quencies into the circuit simultaneously. Hence, even 
though the relays responded individually to voice 
frequencies, they only operated together when a proper 
call signal was received. 

Among the testing techniques demonstrated was an 
articulation method, which is often used by the Post 
Office for assessing or comparing the performances of 
telephone circuits or of their components. The method 
consisted essentially of speaking a series of meaningless 
syllables into the microphone of a standard circuit, 
and another series into the microphone of the circuit 
under test. In practice, listeners at the receiving ends 
write down what they hear, their answers being 
checked against the sounds that were actually spoken, 
and analysed statistically before a conclusion is drawn. 
Amplifying equipment which should .be mentioned 
included some special feed-back units of very compact 
design. They gave linear characteristics over wide 
frequency ranges, and were designed to enable a large 
number of carrier waves to be transmitted satisfactorily 
over the same pair of conductors. One unit, for 
example, operated over a band width of 10 to 1,100 
kilocycles per second, and another over a band width 
of 300 cycles to 108 kilocycles per second. 

The potentialities of the Vocoder were also demon- 
strated. Its principles were explained in a paper 
entitled ‘‘ Analysis-Synthesis Telephony with Special 
Reference to the Vocoder,” which was ready by Mr. 
R. J. Halsey, M.I.E.E., and Dr. J. H. Swaffield, at 
a meeting of the Institution of Electrical Engineers 
on April 1, 1948. The problem of what frequency 
band-width is really necessary in order to transmit 
intelligible speech becomes of special importance in 
long-distance telephony, since the cost of an indi- 
vidual speech circuit then tends to become propor- 
tional to the band-width it requires. As demonstrated, 
the Vocoder enabled speech to be transmitted intelli- 
gibly in a band-width much narrower than that occu- 
pied by the normal voice. It did this by analysing the 
speech frequencies at the sending end, and by trans- 
mitting the coded results. At the receiving end, the 
speech sounds were reconstructed or synthesised by 
making use only of those frequency components which 
were essential for correct understanding. The recon- 
structed speech and sounds could be heard in turn at 
different pitch levels. 





CONTRACTS. 

MEssRs. FLETCHER AND COMPANY (CONTRACTORS), 
LDTED, Mansfield, Nottinghamshire, have obtained a 
contract for strengthening the superstructure of the 
bridge carrying the Bucknall-road (A.52) over the 
Biddulpb Valley railway line at Bucknall and Northwood 
station, Staffordshire. The contract has been placed on 
behalf of the Stoke-on-Trent Corporation by the London 
Midland Region of British Railways. The existing cast- 
iron longitudinal girders and timber flooring are to be 
replaced by a new slab deck of rolled steel joists encased 
in concrete. 

Messrs. THE SPERRY GYROSCOPE COMPANY, LIMITED: 
Great West-road, Brentford, Middlesex, have supplied 
gyro compasses single-unit gyro pilots, and other navi- 
gational aids for installation in the Swedish ships 
Raunala, Rautas, and Knut Bakke, the Norwegian 
vessels Fernfield and Anglo Norse, the Portuguese ship 
Carvacho Araujo, fifteen ships of the United Africa 
Company’s fleet, and the 9,000-ton oil tanker Paludina, 
now under construction for the Anglo-Saxon Petroleum 
Company at Wallsend. 

Messrs. THE HUNSLET ENGINE CoMPANY LIMITED, 
Leeds, 10, have received a repeat order from Messrs. 
John Summers and Company, Limited, forthree 204- 
b.h.p. six-wheel straight Diesel locomotives for heavy 
steelworks shunting at Hawarden. The weight will be 
32 tons, the top speed 18 m.p.h., and the maximum 
tractive effort, 14,500 Ib. 





Busk STUDENTSHIP IN AERONAUTICS.—The trustees of 
the Busk Studentship in Aeronautics have awarded the 
Studentship for 1948-9 to Mr. A. J. Cable of the Merchant 


BRITISH STANDARD 
SPECIFICATION. 


Tue following publication of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of the paragraph. 


Copper-Alloy Ingots and Castings.—The Institution 
have issued a British Standard Schedule, B.S. No. 1400, 
which brings into one volume all the Institution’s 
specifications for copper-alloy ingots and castings. 
e whole range of existing specifications has been 
carefully reviewed, and, as a result, a number of altera- 
tions have been made to bring the specifications into 
line with current practice and to make the series more 
complete. Among the new alloys are three brasses 
(Bl, B2 and B3), replacing the brasses types A and B 
of B.S. Nos. 1025-1028, a new high-tensile phosphor 
bronze, PB3, included in response to a request from 
the chemical pressure-vessel manufacturers, and three 
grades of high-tensile brass, HTB1, HTB2 and HTB3, 
superseding B.S. Nos. 207-208. Furthermore, many 
of the specifications for cast copper alloys, prepared 
for war-emergency purposes, have become so well 
established that they have been included in the 
Schedule. The first part of the new publication 
contains the chemical-composition limits and mechani- 
cal properties for each of the alloys, in the form of 
ingots and castings. In the second and third parts, 
general clauses are given. These have been co- 
ordinated and revised, where necessary, to bring them 
into line with B.S. No. 1367, which is a ‘“‘ Code o 
Procedure in Inspection of Copper-Base Alloy Sand 
Castings.” The new Schedule is complementary to 
this. The opportunity has also been rea to lay out 
the specifications in a uniform manner and to make the 
grouping and numbering more rational. The original 
specification numbers, which are now superseded, are 
given in small print for convenience. [Price 7s. 6d., 
postage included.] 
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Geometrical Drawing. By H. Bryns. The English Uni- 
versities Press, Limited, St. Paul’s House, Warwick- 
square, London, E.C.4. [Price 8s. 6d. net.] 

Les Equations Différentielles de la Technique. -Cours de 

Mathématiques Appliquées de UVEcole Polytechnique de 

VUniversité de Lausanne. By PROFESSOR CHARLES 

Bianc. Editions du Griffon, Neuchatel, Switzerland. 

[Price 29-50 Swiss francs.] 

Electric-Motor Control Gear. Starting, Protection and 
Speed. By J. L. Warts. Published by Electrical 
Review Limited. Distributed by Iliffe and Sons, 
Timited, Dorset House, Stamford-street, London, 
S.E.1. [Price 5s. net.] 

The Economy of Timber in Building. By R. G. BATESON. 
Crosby Lockwood and Son, Limited, 39, Thurloe-street, 
South Kensington, London, S.W.7. [Price 7s. 6d. net.) 

Brassey’s Naval Annual, 1948. Edited by REarR- 
ADMIRAL H. G. THURSFIELD. William Clowes and 
Sons, Limited, Little New-street, London, E.C.4. 
[Price 30s. net.] The Macmillan Company, 60-62, 
Fifth-avenue, New York 11, U.S.A. [Price 5 dols.] 

Limits and Fits for Use in Locomotive Work. Locomotive 
Manufacturers Association of Great Britain, 82, 
Victoria-street, London, S.W.1. [For private circula- 
tion among locomotive builders and users.] 

The British Electrical and Allied Industries Research 
Association. Technical Report No. K/T 118. Some 
Aspects of Sampling as Applied to Electricity Supply. 
By P. SCHILLER. Offices of the Association, 15, Savoy- 
street, Strand, London, W.C.2. [Price 14s. net.] 

Manufacture of Diamond Tools and Their Application in 
Germany, from 1939 to 1945. Edited by P. GRopZINSKI. 
N.A.G. Press, Limited, 226, Latymer-court, London, 
W.6. [Price 7s. 6d.] 

Silicosis, Pneumokoniosis and Dust Suppression in Mines. 
Proceedings at Conference in London, April, 1947. 
Published jointly by The Institution of Mining Engi- 
neers and The Institution of Mining and Metallurgy, 
Salisbury House, Finsbury-circus, London, E.C.2. 
[Price 10s. to members ; 20s. to others. ] 

Calculation of Fault Currents in Electrical Networks: 
Circuit-Breaker Selection. By R.T. LyTHALL. Second 
edition. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 12s. 6d. net.] 

Engineering Machine Shop Practice. By B. RICHARD 
Hitton. Second edition. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 68..] 

Elements of Railroad Engineering. By the late WILLIAM 
G. RAYMOND, PROFESSOR HENRY E. Ricos and 
PROFESSOR WALTER C. SADLER. Sixth edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 5 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.C.2. 





Venturers’ Technical College, Bristol University. 


PERSONAL. 


Mr. T. GRAEME N. HALDANE, M.A., has been elected 
President of the Institution of Electrical Engineers for 
1948-49. Mr. R. O. ACKERLEY is to be chairman of the 
Installations Section Committee; Dr. S. WHITEHEAD, 
M.A., chairman of the Measurements Section Committee ; 
Mr. F. Smiru, O.B.E., chairman of the Radio Section 
Committee ; and Mr. C. O. Boyse, B.Sc. (Eng.), chair- 
man of the Transmission Section Committee. 

Dr. HoRAcE W. CLARKE has been appointed President 
and chairman of the Executive Committee of the British 
Non-Ferrous Metals Federation, 132, Hagley-road, Bir- 
mingham, 16, for the year 1948-49. 

Mr. C. E. Knieut, who is assistant director of the 
Combustion Appliance Makers’ Association, has been 
appointed secretary of the Underfeed Stokcr Makers’ 
Association, 24, Tottenham Court-road, London, W.1.,in 
succession to Mr. P. A. H. Exot. 

Mr. D. C. G. LEEs, M.A. (Cantab.), has been appointed 
metallurgist to the Aluminium Development Association, 
33, Grosvevor-street, London, W.1. ? 

Mr. E. L. Trirrirt, assistant to the engineer (main- 
tenance), British Railways, North Eastern Region, York, 
has been appointed district engineer, York. 

Mr. ASHLEY S. WaRD, fur many years chairman of 
Thos. Smith and Sons (Rodley), Limited, Leeds, has 
retired from the board. Mr. F. H. Smrra has relinquished 
his position as joint managing director, but remains on 
the board. Mr. F. R. Stace, M.J.Struct.E., has been 
appointed chairman and managing director. Mr. W. H. 


f | SHarp, joint managing director, and Mr. T. N. F. SMITH, 


assistant managing director. 

Mr. R. B. DEELEY, B.Sc., A.R.S.M., has been appointed 
a director of Lightalloys Limited. 

Mr. W. H. GAMBLE, B.Sc., F.Inst.F., bas formed an 
organisation called Messrs. W. H. Gamble and Partners, 
heat, power and engineering consultants, 1, Victoria- 
street, London, S.W.1. (Telephone: WHItehall 2573.) 


Mr. J. BENNIE is relinquishing his position as chair- 
man and managing director of Messrs. Bennie Lifts 
Limited, 2, Tinworth-street, Albert Embankment, Lon- 
don, S.E.11, for health reasons. 

Mr. K. N. Swasu, B.Sc., A.M.LE.E., is relinquishing 
the position of manager of the Leeds office of Messrs. 
Brookhirst Switchgear Limited, Northgate Works, 
Chester, on being appointed chief engineer of the com- 
pany at Chester. He will be succeeded at Leeds by 
Mr. H. R. RENFREE, who moves from the Manchester 
office of the company, where he was assistant to MR. 
P. A. LEONARD. 

Mr. G. R. GLENDINNING, F.C.1.S., has been appointed 
to the board of directors of Sigmund Pumps Limited, 
Team Valley, Gateshead, 11. He will continue in the 
position of secretary. 

Mr. E. A. W. WHITEHEAD has been appointed sales 
manager of the home-trade organisation of the Electro- 
plant Company, Palace of Engineering, Wembley, 
Middlesex. 

A merger has taken place between MESSRS. PAGE AND 
RUNDLE LIMITED, and AIR CONDITIONING AND ENGI- 
NEERING (N.I.), Limrrep. The reorganised company 
will have the latter title; Mr. A. H. PaGE becomes 
managing director, and Mr. E. W. RUNDLE, technical 
director. In addition to the head office and works in 
Northern Ireland and the sales and technical office at 
3, Bayley-street, London, W.C.1, the firm now have a 
London works and stores at 75, Kilburn-lane, W.10, 
and a branch office at 50, Queen-street, Belfast. 


Messrs. BRITISH INSULATED CALLENDER’S CABLES, 
LIMITED, announce that the address of their publicity 
department in London and their London branch is now 
21, Bloomsbury-street, W.C.1. (Telephone: MUSeum 
1600.) 


Messrs. THE CONSOLIDATED PNEUMATIC TOOL Com- 
PANY, LIMITED, 232, Daines-road, London, 8.W.6, have 
opened a new district office and repair works in Kings- 
way, Bridgend Trading Estate, Glamorgan. 


Messrs. THE British TABULATING MACHINE COomM- 
PANY, LIMITED, 17, Park-lane, London, W.1, and Letch- 
worth, Hertfordshire, are opening a new factory at 
Castlereagh, Belfast. 


The headquarters of the London Division of the 
BRITISH ELECTRICITY AUTHORITY are to be set up at 
Ergon House, Horseferry-road, London, S.W.1, as from 
July 19. On this date the Accountant’s Department 
will be transferred from Horsley Towers to Aldwych 
House, Aldwych, W.C.2. 

Messrs. AUSTIN AND LANG, LIMITED, Gunite House, 
Great West-road, Brentford, have moved to larger 
premises at Heather Park-drive, Wembley, Middlesex. 
(Telephone: WEMbley 4424; telegraphic address: 
Austinlang Wembley.) 

MeEssrk. CROMPTON PARKINSON LIMITED, have ex- 
tended their Derby Works by the addition of a new bay 





[Price 30s. net.] 





to increase the output of cables for the export markets. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—There has been a slight contraction in 
the volume of steel production during the past few days, 
although outputs are still high. The curtailment is 
usual just before the summer holidays at the mills, which 
close at midday to-day (July 16) and resume on Monday 
July 26, or Tuesday, July 27. Much of the plant and 
machinery is showing signs of wear and tear after the 
record-breaking half-year, and considerable repairs, 
replacements, and maintenance are due for completion 
during the holidays. Heavy steel-scrap deliveries are 
being satisfactorily maintained. A fair proportion of 
the tonnage comprises material from shipbreaking yards, 
and there are prospects of expanding supplies from this 
source. Iron ore, coke, and other raw materials have 
been in good supply, and pig-iron production is being 
steadily maintained. There is little change in the supply 
of steel to consumers, but some hopes of an improvement 
in the general supply position are held out following a 
request by the Scottish Board of Industry to the authori- 
ties in London for a larger allocation of steel for Scotland 
as a whole. In the re-rolling end of the trade, overseas 
business is easier, although this is due to difficulties in 
granting import licences and not to any marked diminu- 
tion in the steel requirements of foreign countries. 

Scottish Coal.—As anticipated, improved individual 
performances in the mines prior to the holidays have 
materialised, with outputs benefiting accordingly. 
Despite the loss of a Saturday output from the Lothians, 
Divisional deep-mine production in the last week of June 
was 484,200 tons, only some 4,000 tons less than in the 
previous week. During the first six months of the year 
the total outputs in Scotland were 12,200,000 tons, or 
about 600,000 tons short of the target. Marketing 
authorities have been engaged in switching over essential 
tonnages to compensate for the loss of the Lothians 
output, and doubles and singles have been particularly 
taxed to meet the needs of steelworks and other users, 
Deliveries to most consumers have practically equalled 
allocation tonnages. Round coal is telatively scarce 
but the necessary additional holiday supplies for railways 
have been secured. Untreated smalls are rather difficult 
to dispose of, but some gum has been sold to Spain and 
Portugal. Total export: cargoes from Scottish ports in 
the first half of the year were 557,979 tons. Sweden was 
the heaviest buyer, taking 190,210 tons, followed by 
Eire. with 129,948 tons, Finland 66,988 tons, Denmark 
63,672 tons, France 56,937 tons, and other countries 
50,224 tons. From January to May 389,469 tons of 
bunkers (including Admiralty and trawlers) were shipped. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Adequate supplies of Derbyshire and 
Lincolnshire pig-iron have been coming forward as coke 
deliveries have improved. Now it transpires that 
exports of coke to Scandinavian countries have been 
arranged and that it is advisable to prepare for shorter 
home supplies. Finished iron is in full request and 
rather short supply. The production of steel has 
declined a little with the commencement of staggered 
holidays, and in some qualities. chiefly high-carbon, there 
is a shortage. High-speed tool steels are in demand 
and the call for stainless steel is far in excess of the 
supply, notably in stainless-steel sheets. Manufacturers 
are perturbed by the notification that supplies of large 
coal and some others of the better grades are to be cur- 
tailed to permit the expansion of export trade in best 
qualities. The Regional Board of Industry states that 
this may involve some reduction in the present efficiency 
of particular plants. Various methods for overcoming 
the difficulties are under consideration and further 
substitution is regarded as unavoidable. The operation 
of import restrictions is affecting adversely some tool 
and cutlery branches. The smaller cutlery concerns, 
deprived of foreign outlets, are trying to clear stocks by 
price cutting. 

South Yorkshire Coal Trade.—The output of coal is 
not satisfactory, mainly owing to the annual holidays 
and also to absenteeism; special steps to check the 
latter are being undertaken. Bigger allocations of best 
qualities for export are imposing a strain upon the sup- 
plies of large coal. Coking coal is in fairly good supply 
and the make of coke shows some improvement. House 
coal is in moderate supply, and a further reduction in 
quality has been planned to help: the export drive. 
Outcrop coal production is being well maintained. 





“‘ HINTS TO BUSINESS MEN ” BOOKLETS.—New book- 
lets on the British West Indies and Saudi Arabia and 
revised editions of those on Chile, Portugal (including 
Madeira and the Azores), Southern Africa, Sweden and 
Turkey are now available in the series ‘‘ Hints to Business 
Men.” United Kingdom citizens visiting these countrics 
on export business can obtain copies of the booklets on 
application to the Export Promotion Department, 
Thames House North, Millbank, London, S.W.1. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

Welsh Coal Trade.—At the colliery at Nantgarw 
where horizon mining is being introduced and where 
the National Coal Board is spending 4,750,0001. on the pit 
and a by-product plant, an output per man-shift of 
35 cwt. is expected. This will compare with 16 cwt. 
for the rest of the South Western Division and 22 cwt. 
for the country as a whole. The annual production 
at the colliery will be 750,000 tons, while 10,000,000 
cub. ft. of gas will be made available daily to gas under- 
takings in South Wales. These details were given by 
Mr. Lister Walker to mining engineers when they visited 
the colliery. The old shafts on the site will be used, 
and as it will not be necessary to sink shafts, a saving 
of about 350,0001. will be effected. The improvement 
in the output per man shift is due not so much to 
increased output at the coal face as to a saving in haulage 
and maintenance. When Lord Hyndley, chairman of the 
National Coal Board, visited South Wales, he complained 
that the Division’s output was not as good as he thought 
it should be. In the first six months of this year it 
showed little change from that of the same period a 
year ago. They had exported 1,000,000 tons of Welsh 
coals, however, and they could sell a great deal more. 
Operations on the market remained difficult throughout 
the week owing to the shortage of available supplies. The 
demand from both home and foreign sources was very 
active and deliveries abroad proceeded along steady 
lines under the month’s allocations. These were going 
to South America, France, Spain, Eire, Portugal and 
Italy, as well as to some of the less usual markets. A 
cargo of 6,300 tons of anthracite duffs was loaded for 
delivery at Malaya for use at a tin-smelting works. A 
good deal of overseas demand, however, could not be 
handled, in view of the scarcity of coals. Inland con- 
sumers accounted for almost the whole of the productions 
of the better sorts and order books are well filled. 


Swansea Steel-Sheet Indusiry.—The market report 
issued by the Incorporated Swansea Exchange, states 
that, last week, the home demand for tin-plates was 
showing signs of easing off. As, however, the export 
sales were appreciably heavier than they had been 
during the past month or so, the market remained in an 
active condition. There is no relaxation in the call for 
steel sheets and the demand for iron and steel scrap is 
persistent. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Stocks of raw materials are low 
and there seems little likelihood of speedy restoration 
of reserve supplies. The output of the Cleveland iron- 
stone mines continues on a disappointing scale ; a much 
greater yield is needed to provide sufficient tonnage for 
the requirements of local users. In the meantime, Tees- 
side works continue to absorb exceptionally heavy 
tonnages of high-grade ores from overseas. Supplies 
of limestone are sufficient for actual requirements and 
coal and coke deliveries are more satisfactory than was 
anticipated. An acute scarcity of scrap metal, coupled 
with the shortage of pig iron, continues to restrict the 
production of many finished commodities, of which 
large quantities are required, both for home purposes 
and for shipment overseas. The North-East Coast 
continues to be the highest iron and steel.producing 
atea, but the huge tonnage output is still insufficient 
foe customers’ requirements. 

oundry and Basic Iron.—There is a persistent demand 
fo larger parcels of foundry iron than are coming forward. 
Little other than Midland brands are obtainable and 
reyular deliveries from distant sources of supply cannot 
always be relied upon. The whole of the basic-iron output 
is supplied to the makers’ own consuming works. 

ematite, Low-Phosphorus and Refined Iron.—East 
Colast hematite firms are finding it difficult to cope with 
the demand, but are managing to supply the essential 
needs of customers of long standing. Outputs of low- 
anil medium-phosphorus grades of iron are sufficient for 
requirements and refined iron is fairly plentiful. 


Manufactured Iron and Steel.—Plant producing semi- 
finished and finished iron and steel are operating at as 
high a pressure as circumstances permit and the output 
of some commodities continues on a large scale, but 
distributable parcels do not cover the heavy requirements 
ofcustomers. Ironworks have sufficient orders to execute 
to ensure great activity for some time and all steel plants 
have an abundance of work in hand. The delivery of 
steel semies is increasing, but supplies of billets and sheet 
bars are still unequal to the requirements of the re-rolling 
mills. The heavy demand for finished steel for home 
purposes shows no sign of diminution and the require- 
ments of overseas customers are still very great, particu- 
larly for sheets and shipbuilding requisites. Power users 
are exhorted to exercise the utmost economy in the use 
of steel. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF CIVIL ENGINEERS.—Monday, July 19, 
to Friday, July 23, inclusive, Great George-street, West- 
minster, S.W.1. Conference on “Civil Engineering 
Problems in the Colonies.” Monday, July 19, 4 p.m., 
informal gathering of conference members. Tuesday, 
July 20, 10.15 a.m., official opening by Mr. A. Creech 
Jones, Secretary of State for the Colonies, and various 
papers for discussions; afternoon, various alternative 
visits. Wednesday, July 21, and Thursday, July 22, 
10 a.m., papers for discussion ; with various alternative 
visits each afternoon. Friday, July 23, 10 a.m., papers 
for discussion; 3 p.m., lecture on “ Tropical Hygiene 
as it Affects the Colonial Engineer,’’ by Professor George 
Macdonald ; 8 p.m., official reception. For programme, 
see page 34, ante. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Kent Branch: Wednesday, July 21, 7.30 p.m., Royal 
Star Hotel, Maidstone, Kent. ‘‘ Maintenance of Factory 
Equipment,” by Mr. A. Carpenter. Manchester Branch : 
Wednesday, July 21, 7.30 p.m., Engineers’ Club, Albert- 
square, Manchester. ‘‘ Design and Layout of Air Condi- 
tioning Plant,” by Mr. H. Wild. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “* ANUNCIADA.”—Single-screw cargo vessel, carry- 
ing six passengers, built and engined by Messrs. William 
Doxford and Sons, Limited, Pallion, Sunderland, for the 
Anunciada Shipping Company, Incorporated, Panama. 
Main dimensions: 443 ft. by 56 ft. 6 in. by 29 fti; 
deadweight capacity, about 9,320 tons. Doxford four- 
cylinder opposed-piston marine oil engine to give a 
service speed of 13 knots. Trial trip, July 5. 

M.S. “ JatTa.’’—-Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for the A/S Bulls Tankrederi, Sandefjord, Norway. 
Main dimensions: 487 ft. 6in. by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught 
of 27 ft. 6 in. Harland-B. and W. six-cylinder single- 
acting four-stroke Diesel engine. Launch, July 6. 

M.S. “‘ Port BRISBANE.’”’—Twin-screw cargo liner, for 
the United Kingdom /Australia and New Zealand service 
of the Port Line Limited, London, E.C.3, built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne. Main dimensions: 555 ft. by 
70 ft. by 43 ft.; deadweight capacity, 11,650 tons on a 
loaded draught of 29 ft. 3in. Two six-cylinder opposed- 
piston Wallsend-Doxford reversible oil engines, producing 
together 13,200 b.h.p., constructed by Messrs. Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne. Service speed, 17 knots. Launch, July 6. 

S.SS. “ Satvia ” and “ Stevia.”—Single-screw traw- 
lers, built and engined by Messrs. Hall, Russell and 
Company, Limited, Aberdeen, for Messrs. Irvin and 
Johnson (South Africa), Limited, Cape Town. Main 
dimensions : 130 ft. by 25 ft. by 14 ft. to upper deck ; 
gross tonnage about 330. Both vessels fitted with triple- 
expansion engines of 600 i.h.p. Launch (both vessels), 
July 6. “ 

M.S. “ British SEcuRITY.’’—Single-screw oil tanker 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 463 ft. by 61 ft. 6 in. 
by 34 ft.; deadweight capacity, about 12,280 tons on a 
draught of 27 ft. 6in. Harland-B. and W. six-cylinder 
four-cycle Diesel engine, of approximately 3,200 b.h.p., 
with a speed of about 114 knots. Trial trip, July 7. 

S.S. “Orro Banck.’—Single-screw cargo vessel, 
built by Messrs. Short Brothers, Limited, Sunderland, 
for the Erik Bancks Rederi A/B., Helsingborg, Sweden. 
Main dimensions: 310 ft. by 47 ft. by 27 ft. 11 in. to 
shelter deck ; deadweight capacity, about 3,400 tons on 
a draught of 19 ft. Triple-expansion engines of reheat 
design, installed by Messrs. George Clark (1938), Limited, 
Sunderland, with two multitubular oil-burning boilers. 
Service speed, 12 knots. Launch, July 7. 

M.S. “ Bexas.”—Single-screw cargo vessel, carrying 
12 passergers, built and engined by Messrs. William 
Doxford and Sons, Limited, Pallion, Sunderland, for the 
Sociedade Geral de Commercio, Industria e Transportes, 
Ltda., Lisbon. Main dimensions: 424 ft. by 53 ft. 9 in. 
by 25 ft. 6 in.; deadweight capacity, about 7,100 tons. 
Doxford four-cylinder opposed-piston combined-stroke 
oil engine. Service speed 13} knots. Launch, July 7. 


S.S. “ LINCOLN ELLSWORTH.”—Single-screw oil tanker, 
built by Messrs. Blythswood Shipbuilding Company, 
Limited, Scotstoun, for the A/S Laboremus (T. Dannevig 
& Co.), Oslo. Main dimensions: 305 ft. by 44 ft. by 
20 ft. 3 in. to upper deck; deadweight capacity, about 
3,550 tons on a draught of 18 ft. 6in. Triple-expansion 
engine, supplied by Messrs. David Rowan and Company, 
Limited, Glasgow, with two oil-burning Scotch boilers. 





Loaded speed on trial, 113 knots. Trial trip, July 8. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 


““ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE BAR 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


‘““ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
MII oo ec certs tucasteacencossceveccosteeeee 


For Canada 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
of “ Appointments Open,” “ Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty- two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to al ser 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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RESEARCH PROBLEMS OF 
TELECOMMUNICATIONS. 


Like most of the relatively recent branches of 
engineering, electronics in general, and telecom- 
munications in particular, owe their rapid and 
successful development very largely to a background 
of first-class experimental science. The work of 
outstanding figures like Lodge, Marconi and Fleming, 
and the solid foundation of electro-technology and 
telegraphy which their predecessors had established, 
gave wireless communication a flying start, accel- 
erated by the almost romantic appeal which its 
possibilities made to the public imagination. 
From the year 1918, consequently, when its prac- 
tical success was certain, the subject has been 
an increasingly popular one for amateur experi- 
menters and professional researchers. On the 
whole, basic theory has contrived to keep abreast 
of practice, and applied telecommunication has 
developed along systematic lines at such a pace that 
most of those who wrestled with a home-made 
crystal set nearly 30 years ago have been left far 
behind the advancing front of knowledge. The 
ordinary dilettante, however, is apt to see only the 
broad achievements of radio technology without 
realising the imperfections and shortcomings that 
are all too obvious to the specialist, who knows that 
a significant proportion of the knowledge now being 
successfully applied is of empirical origin and, while 
undoubtedly valuable, has neither exhausted its 
subject nor secured a completely satisfactory 
foundation for future progress. 

A lively appreciation of these considerations, 
inherent in the mentality that has exploited scientific 
radio with conspicuous success, led to the constitu- 
tion, in 1946, of the Telecommunications Research 
Committee of the Department of Scientific and 
Industrial Research. Under the chairmanship of 
Sir Stanley Angwin, its membership comprised 
representatives of the D.S.I.R. and five other 
Government Departments, the British Broadcasting 
Corporation, and three industrial bodies closely 
concerned with telecommunications. Their purpose 
was to promote the interchange of ideas and ex- 
perience, and hence to identify the fundamental 
problems in the whole field of telecommunications 





that would require investigation during the next few 


determined, and specific items for forthcoming 
research stated with some indication of the relative 
priority that should be accorded them. The 
reports of the working parties have been sum- 
marised in a booklet,* recently issued by the 
Department of Scientific and Industrial Research, 
which presents a succinct account of the present 
position and of the directions in which further 
knowledge is most urgently needed. 

The vast scope of the complete undertaking is 
well exemplified by the fact that two separate 
working parties were regarded as necessary to deal 
with the propagation of electromagnetic waves. 
One of them considered the phenomena of wave 
propagation at all frequencies over the ground and 
through the troposphere and the ionosphere, and 
gave high priority to the need for a complete investi- 
gation of atmospheric radio noise of terrestrial 
origin, including a world survey of its characteristics. 
Within the troposphere—the atmospheric belt 
around the earth in which temperature variations 
produce meteorological effects—the major problems 
affecting propagation of waves longer than 1 cm. are 


68 | those of fading, deviation, and transmission to long 


distances, and the report emphasises that progress 
will depend on a complementary world-wide study 
of meteorological conditions. Near ground level, 
propagation over land and sea at nearly grazing 
incidence is needed, in association with the influence 
of obstacles, including aircraft, on the passage of 
waves above rough ground. In the ionised upper 
regions of rarefied atmosphere, many obscurities of 
absorption, multipath transmission and lateral 
deviation of waves await clarification. Propagation 
along open lines, enclosed cables, surfaces and wave- 
guides, which the second party considered, is more 
directly related to the apparatus of telecommunica- 
tions and, for that reason, more susceptible to 
controlled experimental development than the 
phenomena of extra-terrestrial radio noise or the 
effects of widely distributed weather conditions. 
Nevertheless, a formidable list of outstanding 
fundamental problems has been compiled, among 
which an important group is presented by the 
characteristics of aerials and reflectors. 

Although much of the future work on guided wave 
propagation will admit of mathematical approach, 
it is obvious that the advancement of 
technique must be kept in line with purely theoretical 
knowledge, and that the extension of directional 
control to very short waves will entail research into 
the possibilities of hitherto untried materials. 
Similarly, new thermionic substances figure impor- 
tantly in the suggested programme of research into 
the fundamental properties of valves. Concerning 
themselves primarily with the physics of their 
subject, the working party which considered valves 
and cathode-ray tubes concluded that electron 
emission most urgently needs investigation. This 
includes the secondary electron emission produced 
by the impact of accelerated primary electrons on 
suitable surfaces or materials, as well as the primary 
emission from the cathodes of evacuated thermionic 
devices. The improvement of every aspect of design 
likely to enhance primary emission must be studied 
jointly with the development of non-emitting 
materials or surfaces for electrodes other than 
cathodes, and will entail investigation of the 
part played by the “core” in the activation of 
cathodes, the ability of cathode coatings to with- 
stand the “‘ shock” of pulse transmission, and the 
automatic replenishment of the active material of 
cathodes. Electron optics, gas discharges, positive- 
ion bombardment, and the phenomena of radio 
“noise,” relative to space charge in valves and 
cathode-ray tubes and to the performance of crystal 
valves, all introduce questions associated with the 
electronic behaviour of matter. 

One of the most substantial reports is that con- 
cerned specifically with the properties of magnetic, 
dielectric, piezo-electric and conducting materials. 

* The Fundamental Research Problems of Telecom- 


munications. Published for the Department of Scientific 
and Industrial Research by H.M. Stationery Office. 








[Price 1s. 6d. net ; by post, 1s. 8d.] 
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This aspect of telecommunications practice is less 
susceptible than others to strictly objective research, 
and in the past both equipment and performance 
have been abruptly influenced by developments in 
quite other fields of investigation, such as plastics. 
Moreover, the value of materials commonly resides 
in the combination of desirable properties, some of 
them electrical, others mechanical, thermal or 
chemical. While, therefore, it is appreciated that 
major advances must come from synthesis of new 
materials combining desired properties, it is equally 
realised that deficiencies in knowledge of existing 
materials are retarding telecommunications and 
hence justify not merely reviews of available sub- 
stances for new applications, but also more funda- 
mental studies of properties known to be valuable. 

Recent successful work of this character illus- 
trates the importance of co-operation between 
scientists in many different fields, especially in the 
chemical and electrical industries. The principle 
is well exemplified by the materials envisaged 
for use as dielectrics. They include ceramics, 
vitreous materials (with which the micas may 
conveniently be grouped), and polymeric sub- 
stances such as plastics, waxes, bitumens and 
elastomers. All of them need investigation from 
the generally physical and chemical as well as the 
electrical standpoints, and all reveal the need for 
more knowledge of dielectric theory and the factors 
governing behaviour in service. Magnetic materials 
illustrate the value of co-operation between the 
metallurgist and the physicist in disclosing the 
influence of internal strain, heat treatment, alloy 
composition and sintering processes on permanence 
and permeability. There appear to be no out- 
standing problems in conducting materials, but 
in piezo-electrical work attention should be given 
to synthetic substitutes for quartz, and to methods 
of growing large crystals artificially. Problems 
similar in general character arise in connection 
with luminescent materials for the display screens 
used in television and radar apparatus, and photo- 
electric substances. The report emphasises serious 
defects in the fundamental physics of crystal 
luminescence, and the urgency of determining 
whether the present low efficiency with which 
electron energy is converted into visible light is 
inherent ; or, if not, how it can be improved. 
Afterglow characteristics, colour, and spectral fre- 
quency response, in relation to the composition 
and crystal structure of present and future photo- 
sensitive materials, all entail collaborate work, in 
the course of which other technologies than tele- 
communications must take part and phenomena, 
such as photo-conduction and the photo-voltaic and 
electrolytic effects, other than those of immediate 
interest in telecommunications, must be explored. 

Many other instances of the importance assigned 
to the basic properties of materials and of the 
dependence of future progress on the establishment 
of solid fundamental knowledge appear in sections 
of the report dealing with the design and com- 
ponents of telecommunication circuits, with elec- 
trical contacts affording conduction, rectification 
and microphonic effects, and with the appraisal of 
objective television performance and picture quality. 
The Committee’s survey is comprehensive enough 
to warrant the inference that practically the whole 
field of electronics, along with a growing amount of 
experimental and established engineering, will 
benefit by a determined attack along all the sug- 
gested lines. Many of the problems enumerated are 
already under investigation ; indeed, the exhibition 
of work at the Telecommunications Research Es- 
tablishment at Great Malvern, referred to in our 
issue Of May 28, on poge 519, and the current 
research programmes of the Post Office, mentioned 
on page 57, of this issue, as well as those of 
several industrial undertakings, furnish positive 
evidence of great activity. Nevertheless, the report 
is opportune and its value beyond dispute, if only 
in encouraging the continued association between 
commercial and Government-sponsored research. 
This last aspect is regarded as being so important 
that a Standing Consultation Conference has been 
constituted, to formulate basic problems requiring 
investigation, to survey progress in their solution, 
and to promote consultation between the Radio 
Research Board and industry. 





THE GAS TURBINE AND 
ELECTRICAL GENERATION. 


Ir a gas turbine is defined as a heat engine, 
in which the operating medium is in the gaseous 
condition throughout the working cycle and in 
which the power producing components are of the 
turbine type, a great deal of development has 
taken place since the first published record appeared 
nearly 50 years ago. In recent years, in fact, pro- 
gress in the field of aircraft propulsion has been 
considerable ; although the high thermal efficiency 
and compactness of this type of prime mover render 
it attractive for other land and marine work. In 
the United States, as pointed out in our issue of 
June 25, on page 613, its advantages for railway 
operation, using pulverised coal as fuel, are being 
closely investigated ; and, generally speaking, it has 
possibilities where cheap fuel of the right kind is 
available. In Switzerland, where it is wise to have 
an alternative to the abundant, but seasonally fluc- 
tuating, water power, it is likely to be economic for 
supplying heavy loads for short periods. In Great 
Britain, onthe other hand, most attention has been 
paid, so far, to the employment of the gas turbine 
in aviation. It is therefore only since the war that 
our manufacturers have turned their attention 
to other potential uses, especially that of assisting 
to build up our export trade. In this connection, 
the possibilities of employing the gas turbine for 
generating electricity have not been overlooked. 
Some firms have developed designs for 15-MW 
sets, working at 1,200 deg. F., two of which will, 
before long, be in operation at Trafford Park and 
Dunston, respectively. 

This being the position, it is opportune that a 
paper, dealing with the pros and cons of this type 
of prime mover for electricity-supply purposes, 
should have been presented by Messrs. H. G. Bell 
and D. M. Smith at the recent conference of the 
Incorporated Municipal Electricity Association, at 
Eastbourne, for although every means of increas- 
ing the efficiency of electrical generation must 
be examined, undue impulsiveness should be 
avoided. Such a state of mind will not, however, 
be engendered by this communication, as the 
authors’ approach is quite dispassionate and even 
judicial. This may best be illustrated, perhaps, by 
summarising the comparisons they make between 
a steam turbine and a 15-MW gas turbine of the 
open-cycle compound type, operating with separate 
high- and low-pressure compressors with an inter- 
cooler between them, a reheat combustion chamber 
between the high- and low-pressure turbines and a 
heat regenerator. The space required to accommo- 
date such a gas turbine installation is only about 
20 cub. ft. per kilowatt, while that necessary for a 
steam turbine, including the boilers and auxiliaries, 
is about 50 cub. ft. The gas turgine also scores in 
the matter of weight, which is only about one-third 
that of the equivalent steam turbine. Further, it is 
simpler, owing to the facts that a cooling-water 
system is unnecessary and less auxiliary plant is 
required. An incidental advantage is that less space 
is needed for storing fuel. It follows that the capital 
cost of a gas-turbine station is less than that of a 
steam station, while its thermal efficiency is of the 
same order. Moreover, the gas turbine can be rapidly 
started and stopped, no stand-by losses are incurred 
by its use, and less staff is required for its operation. 
On the other hand, a gas-turbine station is less 
economical than a steam station for dealing with 
base loads, owing to the higher cost of the fuel. In 
fact, it is not until the load factor becomes less than 
the low figure of 16 or 18 per cent. that the saving 
on capital charges outweighs this additional cost. 

It therefore seems, according to the authors, that 
the field of the gas turbine in the electricity-supply 
industry is limited to dealing with peak loads, to 
acting as a stand-by in conjunction with water- 
power stations and, as already mentioned, to 
supplying high maximum loads with very low 
load factors. It would be widened, however, if 
coal could be used for its operation and its thermal 
efficiency raised ; in both cases without increasing 
the cost per kilowatt. Investigations along these 
lines are therefore being made. 





} 





The discussion on this paper indicated that, as 
has so often happened in the past, advances in one 
branch of engineering may lead to developments 
in other branches, which previously have been 
immune from competition. It was more critical 
than is usual on such occasions, perhaps owing to 
the novelty of the subject, and centred round two 
main points, one or other of which was raised by 
most of the participants. One of these was the 
fuel question, regarding which Mr. J. Hacking 
pointed out that, while for many years most of 
our electricity would be generated in coal-fired 
stations, gas turbines in their present state of 
development required clean oil and this meant 
materially higher running costs. He was vigor- 
ously supported in this view by Mr. W. N. C. 
Clinch, who deprecated the development of machines 
using imported fuel, and less categorically by Alder- 
man J. Herbert, who pointed out that even oil was 
not without its impurities. 

Mr. J. F. Field went one, and even more, steps 
farther in his opposition to the gas turbine. He 
contended that it was doubtful whether it was 
worth while building more than a few of these 
machines in this country, owing to the cost of the 
fuel. He also supported the authors’ view that 
at present it was only when the open-cycle gas 
turbine was restricted to loads with completely un- 
economic load factors that its fuel costs would not 
bring the total cost of production above that of the 
steam turbine. Although the same argument did 
not necessarily apply to the closed-cycle gas turbine, 
that machine was complicated and its capital cost 
was at least equal to that of steam plant. He there- 
fore suggested that it might be more profitable 
economically to give attention to the possibility of 
improving the steam turbine and indicated at some 
length how this might be done. 

For instance, a steam turbine could be designed 
in which the working fluid was indirectly heated 
as in an open-cycle gas turbine compressor set, 
except that its exhaust pipe was turned into the 
air inlet to the compressor and a quantity of 
feed water was entrained by an atomiser. The 
resulting mixture of air and mist could then be 
compressed adiabatically and heated until the air 
became saturated. Simultaneously, heat could be 
released in the furnace and used to raise the tempera- 
ture of the saturated air to a figure suitable for its 
admission to the turbine. After expansion through 
the turbine an amount of gas, equal to the quantity 
of feed water injected, could be extracted ; and the 
machine could then be operated on steam alone. 
Such a machine, in Mr. Field’s opinion, if operated 
with a suitable initial temperature, ratio of expan- 
sion and back pressure, would be almost identical 
in performance with an open-cycle gas turbine, 
using the same temperature and pressure; and 
would also be amenable to the improvements in 
thermal efficiency that had been successfully 
reached on both open and closed-cycle machines. 
It could, in fact, be built to give a thermal efficiency 
of 30 per cent. or more with exhaust steam at a 
pressure of 100 Ib. per square inch. If steam were 
exhausted to the usual pressure of 1 in. of mercury 
efficiencies of well over 40 per cent. should be 
possible. Alternatively, assuming a boiler effici- 
ency of 85 per cent., heat could be rejected at a 
temperature of 220 deg. F. and used for district 
heating with a power-thermal efficiency of about 34 
per cent. This com with the 16 per 
cent. estimated for the Pimlico district-heating 
scheme, for which 1,350-kW back-pressure sets, 
exhausting at about 200 deg. F. to calorifiers, were 
to be installed in Battersea power station. 

These criticisms may seem unduly severe, especi- 
ally in view of the fact that the authors made no 
exaggerated claims for the gas turbine. Even 
engineers, however, are sometimes carried away by 
new ideas ; and there is therefore a risk that it may 
be thought that the spectacular performance of the 
gas turbine in the air will automatically be repeated 
on land. There is, however, a great difference 
between the two applications, owing partly to 
the thermodynamic difficulty of converting the 
kinetic energy of the gas into useful work and 
partly to the metallurgical problem of finding 
materials which will withstand the high working 
temperatures not for hours, but for years. 
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NOTES. 


Tue Nationat Coat Boarp. 


Tux first annual report and statement of accounts 
by the National Coal Board was presented to 
Parliament by the Minister of Fuel on Tuesday, 
July 13, and, as had been expected, it shows a 
serious loss—more than 23,000,000/. The Board’s 
accounting period ends on December 31 in each year. 
and 1947 was the first full year of operation ; but 
though the “ vesting date,” on which the assets of 
the former owners became the property of the 
Board was January 1, 1947, a good deal of prelimin- 
ary work was done in the previous year, the actual 
date of the Board’s appointment being July 15, 
1946. As the report (which is published by H.M. 
Stationery Office at 4s. 6d. net) is a document of 
some 256 pages, of which approximately 100 pages 
contain statistical returns, it is not practicable 
to do more than to touch upon a few outstanding 
items in this week’s issue ; but it may be noticed 
that the total output of mined coal in 1947 was 187 
million tons, which is about six million tons over 
the figure for the previous year, and that the output 
per man-shift rose from 1-03 tons in 1946 to 1-07 
tons in 1947, on the basis of the total numbers 
employed. The cost of producing coal rose by 
4s, 3d. per ton during 1947, increased wages account- 
ing for 2s. 6-4d. of this extra cost and higher costs 
of materials and stores for 11-9d. To meet these 
higher costs, the price of coal was raised by 4s, 
per ton on September 1 and by a further half-crown 
since the turn of the year, so that, according to a 
statement issued by Lord Hyndley, the chairman 
of the Board, the collieries were able to show a 
profit on their operations during the first quarter 
of 1948. On points of detail, the report shows that 
the total number of persons employed in the 
industry increased by 26,000 in 1947, compared with 
a decrease of about 4,000 in 1946, the number 
employed at the coal face rising by some 11,000. 
Absenteeism decreased from 16 per cent. in 1946 
to 124 per cent. in 1947, over the total number 
employed; but the rates for absenteeism were 
higher in both years for face workers, though here 
also there was some improvement—from 19 per cent. 
in 1946 to 15 per cent. in 1947. The introduction 
of the five-day week on May 5 at first showed no 
decline in output, but this position was not main- 
tained and later in the year it became necessary to 
revert to longer hours. The Board contend that 
the net loss of 9,200,0001. on the working of the 
collieries might have been reduced if they had been 
able to close manifestly unprofitable pits, but say 
that this would have reacted adversely on the total 
output. More than 1,500,000/. was lost by selling 
imported American and Polish coal below cost. 


THE MECHANICAL HANDLING EXHIBITION. 


Mechanical handling appliances have become 
increasingly important items in a number of indus- 
trial exhibitions during recent years, but only now 
have they attained to the distinction of an exhibition 
devoted solely to this branch of engineering. What 
is described as the “First National Mechanical 
Handling Exhibition ” was opened in the National 
Hall, Olympia, London, on Monday, July 12, and 
will remain open (Sunday, July 18 excepted) from 
10.0 a.m. to 8.0 p.m., until July 21. A convention 
on mechanical handling, at which some 17 papers 
are being presented, has been arranged in connection 
with the Exhibition, both being organised by the 
Associated Iliffe Press, Limited, whose chairman 
and managing director, Mr. C. E. Wallis, M.B.E., 
presided at the inaugural luncheon on the opening 
day. The Mechanical Handling Engineers’ Associa- 
tion, the Materials Handling Export Group, and a 
number of specialised trade associations have 
collaborated with the organisers, and the exhibitors 
number some 130 firms. On page 53 of this issue we 
commence a description of the Exhibition, with 
illustrations of some of the principal exhibits. At 
the inaugural luncheon, the principal speaker was 
Sir Stafford Cripps, P.C., M.P., Chancellor of the 
Exchequer and Minister for Economic Affairs, who 
took the opportunity to present a few salient facts 
about the present position of British trade. In 
the first quarter of this year, he said, the volume 





of production was about 30 per cent. higher than 
in the first quarter of 1946, but probably about 
11 per cent. below the pre-war level. This com- 
pared favourably with the economic positions of 
most Continental countries, but less so with that 
of the United States of America, where production 
was nearly double the pre-war figure. Even with 
this increased production and export, however, 
British imports were 20 per cent. lower than in 1938, 
and 18 per cent. of them were not covered by current 
exports. There was a numerical limit to the labour 
that could be applied to improve on this position, 
Sir Stafford continued, and a physical limit to the 
number of hours that could be worked ; but mech- 
anical handling could do much to redress the adverse 
balance. The annual output of the 80 or so firms 
who made conveyors and elevators was valued at 
more than 6,000,000/., of which only 11 per cent. 
was being exported; cranes and associated equip- 
ment represented about 9,000,000/. annually, and 
makers of hoists and pulley blocks added another 
8,000,0001. a year. The makers of cranes, industrial 
trucks, and general mechanical handling equipment 
had exported, between January and May, 1948, to 
the value of 3,700,0001., as compared with 2,800,000/. 
in the corresponding period in 1947, which offered 
encouraging prospects of future achievement. 
Other speeches at the luncheon were made by Sir 
Frederick Bain, M.C., President of the Federation 
of British Industries, and by Sir John Anderson, 
P.C., F.R.S., who attended in his capacity of 
President of the Dock and Harbour Authorities’ 
Association. Sir Frederick emphasised the point 
that production should not be the sole aim—it was 
necessary to sell the goods that were produced, 
and to be able to do so in a competitive market. 
Marshall Aid would last until 1952, but it was 
granted in the first place for one year only. Did 
the country in general, he asked, realise that ? Sir 
John Anderson said that no single factor could con- 
tribute more to the success of the export drive than 
to speed up the turn-round of ships in port. In 
this respect, methods of mechanically-handling 
cargoes were of great assistance and everything 
possible was being done to extend their use, but 
dock and harbour authorities were still being 
hampered by the difficulty of getting quick delivery 
of handling appliances. 


REMOVAL OF THAMES BRIDGE SPAN. 


During the war, several temporary bridges were 
constructed across the Thames—for example, near 
the County Hall and at Staines—as a precaution 
in case the permanent bridges should be rendered 
impassable by bomb damage. As it happened, the 
permanent bridges were singularly fortunate in this 
respect, and, in consequence, there was little occasion 
to use the emergency structures, which have been 
in process of removal for some time. An engineering 
operation of some interest—though chiefly so by 
reason of its comparative rarity rather than its 
magnitude—was the removal, on the afternoon of 
Sunday, July 11, of the main navigation span of 
the temporary bridge which crossed the river from 
a point near the north end of the County Hall to a 
position on the Embankment close to the Royal 
Air Force Memorial. The other, and smaller, spans 
had been removed already, though the timber piers 
remained. The operation undertaken on Sunday 
was that of transferring the main span: to rest on 
the piers of the former approach spans at the 
Lambeth end, where it could be dismantled. It has 
been bought by the Crown Agents for the Colonies 
for shipment to Uganda. The length of the 
span is 140 ft. between bearings, and its weight 
about 92 tons. It was designed, in the Chief 
Engineer’s Department of the London County 
Council, to provide a 20-ft. carriage way and two 
5-ft. footpaths, the scantlings being in accordance 
with the Ministry of Transport standard loading for 
highway bridges. In practice, it had been used 
only for pedestrian traffic, mainly during the repairs 
to Hungerford Bridge. The removal of the span 
was effected by placing beneath it two barges on 
which steel trestles had been erected. The barges 
were placed in position as the tide was at about 
half flood, and, as they rose, they lifted the span 
off its bearings. The barges, linked together, were 
then allowed to float clear of the main piers, and 








were guided between the more closely spaced piers 
near the shore. As the tide fell, the span came to 
rest on these piers and the barges could be towed 
clear. The whole operation took about four hours. 
It is expected that the steelwork will be completely 
dismantled in about three weeks. 


Tue InstrruTeE oF WELDING. 


Perhaps the most notable development connected 
with welding in recent months is the establishment, 
at a meeting held in Brussels during the second week 
of June, of an International Institute of Welding. 
As recorded on page 615 of our issue of June 25, 
1948, the Institute was founded by representatives 
of 14 countries, who elected Mr. G. Parsloe, B.A., 
the secretary of the Institute of Welding, to be 
the first secretary-general of the new Institute. 
It is indicated in the twenty-fifth annual report 
of the Council of the Institute of Welding that 
proposals to form the new International Institute 
took concrete shape when representatives of twelve 
countries met in London in September, 1947, and 
set up a provisional committee to formulate a con- 
stitution for the new body. The report of the Coun- 
cil of the British Institute, to which we have just 
referred, relates to their activities during the year 
ended March 31, 1948. The total membership 
on that date was 4,631, compared with 4,811 on 
March 31, 1947, but the Council observe that, in 
view of the more stringent qualifications for member- 
ship, and the higher subscriptions introduced in 
1947, they regard the fall in numbers as being “‘ far 
from discouraging.” A number of highly successful 
meetings were held and the work of the Institute’s 
18 branches has gone forward smoothly. Certain 
branches, and notably those in East Scotland and 
Leeds, have been working to establish sections to 
cater for members in outlying parts of their terri- 
tories. A committee representative of all branches 
of engineers, set up some time ago to prepare 
factual statements showing the contribution which 
welding can make towards the saving of steel, has 
now done its work. Each member was asked to 
prepare a statement setting out the comparative 
weights of steel in riveted and welded examples 
of a typical product of his own branch of engineering. 
These statements have now been received and will 
be brought together and issued in the form of a 
pamphlet, to indicate the part which increased 
welding might play in economising steel. 


FEDERATION OF CoATED MacapAM’ INDUSTRIES. 


The fourth annual luncheon of the Federation of 
Coated Macadam Industries was held at the Dor- 
chester Hotel, Park-lane, London, W.1, on Thursday, 
July 1, when the Minister of Transport, the Rt. Hon. 
Alfred Barnes, M.P., and the chairman of the British 
Transport Commission, Sir Cyril Hurcomb, G.C.B., 
K.B.E., were among the principal guests. The 
Federation was formed in May, 1945, in order to 
promote the general interests of the coated-macadam 
industries. It now has more than 160 member 
firms, whose various activities cover limestone 
and granite quarrying, tar and bitumen refining, 
the production and laying of road-making aggre- 
gates, as well as the supply or manufacture of the 
associated machinery and plant. It is controlled 
by a Council, which is elected by member firms, and 
directed by Mr. A. J. Lyddon, C.B.E., M.Inst.C.E., 
who, in proposing the toast of ‘The Guests,” 
emphasised that the Federation was not formed 
to consider price-fixing arrangements, but was 
concerned mainly in using the collective knowledge 
of its members for raising the technical standards 
of their products and processes, and also in co- 
operating to further the safety of roads. It was 
also announced that the Federation would soon be 
setting up in the London area a central laboratory 
which would be under the general control of Mr. 
Lyddon, and under the immediate supervision of 
Mr. E. Slater, M.Sc., A.M.Inst.C.E., the present 
technical assistant. Although final details were 
not settled, member firms would be able to use the 
facilities of the laboratory for testing their products, 
or for helping to establish agreed standards, and 
for special developments. In proposing the toast 
of the Federation, Mr. Barnes declared he was 
“in a period of disappointment,” and regretted 
that financial stringency had reduced the road 
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programme. He hoped, however, to introduce a 
Motor Roads Bill into Parliament ; the Bill would 
undoubtedly be controversial, but, if passed, 
would enable his Ministry to tackle the problems of 
road construction. The toast was responded to by 
Mr. M. Stewart Mitchell, chairman of the Federation, 
the address of which is 37, Chester-square, London, 
S.W.1. 


THE CoLLEGE OF AERONAUTICS. 


The first students to enter the College of Aero- 
nautics at Cranfield, Bedfordshire, commenced their 
studies in October, 1946; and, as the course lasts 
for two years, these “founder members,” if they 
may be so described, had the pleasure of receiving 
their College Diplomas at the Presentation Day 
ceremony which was held on July 7. Their first 
year was spent in attending lectures and doing 
laboratory work in all three of the departments— 
Aerodynamics, Design and Propulsion—and in the 
second year those who had attained to a satisfactory 
standard were able to concentrate on a selected 
branch out of these three. Awards were made to 
36 students, of whom 26 received the Diploma and 
ten the “Diploma with Distinction.” Only one 
of the ten who gained the higher award specialised 
on propulsion ; and, of the other nine, three took 
aerodynamics and six studied aircraft design. 
Among the 26 who received the ordinary Diploma, 
six specialised on propulsion, nine on aerodynamics 
and eleven on design. The official return does not 
state how many of the students were permanent 
commissioned officers of the Royal Navy or the 
Royal Air Force, but it does mention that all of 
the civilian students who passed out of the College 
have secured good posts in the aircraft industry or 
in research establishments or in air transport 
undertakings. It is announced that the Board of 
Governors have decided to establish an additional 
department with a professorial chair in Aircraft 
Economics and Production. No appointment to 
this chair has been made yet, but it is hoped that 
work in the new department will form part of the 
syllabus for the 1948-9 session, which commences 
on October 4. Applications for entry have been 
numerous, but others can still be received from 
suitably qualified candidates. 





LETTERS TO THE EDITOR. 


SOME LESSER-KNOWN TRACTION 
ENGINES. 


To THE Eprror oF ENGINEERING. 


Sm,—I was much interested to note the descrip- 
tions given by Mr. R. H. Clark in his article on 
lesser-known traction engines on pages 529 and 553 
of your issues of June 4 and 11, respectively. These 
giants of the road were always interesting to see, 
but are noW more or less things of the past. Mr. 
R. H. Parsons, in the letter printed on page 40, ante, 
said that he had hoped to see Messrs. Taskers’ name 
mentioned in connection with these engines ; but 
Mr. Clark stated that there might be other lesser- 
known engines which he did not describe—for 
instance, there were about a dozen traction-engine 
builders in Yorkshire, Lincolnshire, Norfolk and 
Suffolk. Many of these were large firms, whose 
engines were frequently to be seen up and down the 
country. Probably Mr. Clark would not consider 
them as “lesser known.” 

Mr. Parsons states that Messrs. Taskers did not 
make many ; but they were a fairly well-known firm, 
especially in the south, and a former chairman of 
theirs, the late Mr. George Hoare, once told me he 
had seen a convoy of six leaving the works. Taskers 
are one of the very oldest firms in the trade, and I 
was told by one of their officials that the works 
got its name—Waterloo Works—because the busi- 
ness was started at about the time of the Battle of 
Waterloo. Taskers made the “ Little Giant ” steam 
tractor, a pioneer type which Pickfords and other 
large firms used in the early days of the steam 
tractor. Mr. Hoare told me that many of the County 
Councils in England and in Scotland also used them. 
Between the two world wars, I often saw one in 
the Lichfield district. 


I was glad to see Mr. Parsons’ mention of the 
name of his old foreman, and the pride that he took 
in his work. He states that they worked 54 hours 
per week, but wages were much lower in those days 
than they are now, so that the costs of production 
would be correspondingly lower. I have -always 
found that hand work is expensive, and that it is 
advisable to substitute machine work for it wherever 
possible. Mention of the eccentric-rod forgings by 
Mr. Parsons brings to mind the blacksmith’s hearths 
in Messrs. Taskers’ works. They were built near 
the centre of the shop and the fumes were taken up 
by a brick chimney, supported by two walls which 
merged into the shaft of the chimney in the shape 
of an inverted letter ““ Y.” Although the building 
was an old one, the forges looked to be in good con- 
dition when I was there about 25 or 30 years ago, 
and the shop generally was clean and well-kept. 

Taskers also made a threshing drum. When I 
was in their works, about 1920, they had one there 
which had been made for a customer who had not 
taken it because of the outbreak of war in 1914. 
The price at that date was about 3501. It was very 
well finished and had some good workmanship about 
it. I have heard them highly spoken of in Hamp- 
shire, where some operators preferred them to any 
other make. 

Yours faithfully, 
W. Ducxrrt, M.I.Mech.E. 
Little Aston, Staffordshire. 
July 13, 1948. 





TROLLEY ’BUSES FOR BRAZIL. 


To THe Eprror oF ENGINEERING. 


Sm,—We have read with much interest the 
article on page 9 of your issue of July 2, 1948, 
regarding the trolley ’buses for Brazil. We note in 
this you mention that the trolley "buses for the 
Sao Paulo Municipality of Brazil are believed to be 
the first to be manufactured in this country and 
exported to South America. This, however, is not 
the case, as we have manufactured trolley "buses for 
South America as far back as January, 1929, when 
we supplied some to the municipality of Medellin, 
Colombia. We understand that, in spite of the age 
of these *buses, they are still running very satis- 
factorily, and we are still getting occasional orders 
for spares in connection with them. 

Yours faithfully, 
For Ransomes, Sims and Jefferies, Limited, 
H. H. Dawson, 
Director. 
Orwell Works, 
Ipswich. 
July 6, 1948. 





ENGINEERING UNITS OF FORCE. 
To THE Eprror oF ENGINEERING. 

Sir,—aAs, in his letter on page 40 of your issue of 
July 9, Mr. Lennie asks for comment on his sugges- 
tion to measure acceleration in “ gravities,” I take 
leave to write again on this subject. I think that 
the idea has much to commend it, particularly now 
that the practice has arisen (at least in aeronautical 
circles) of specifying an acceleration as a multiple 
of g. It has, however, the disadvantage that it 
involves the application of the pound unit to both 
of the totally dissimilar quantities, force and mass. 
This is most undesirable from the teacher’s point of 
view as it introduces an element of confusion that 
need not arise. I am still inclined to favour the 
slug-system. It may have some disadvantages, but 
nothing in the recent discussion has revealed them 
to me. 

Yours faithfully, 
W. A. Tuptry, D.Sc., M.I.Mech.E. 
390, Wakefield-road, 
Huddersfield. 
July 12, 1948. 





LLoyp’s REGISTER OF SHIPPING.—The Committee of 
Lloyd’s Register of Shipping state that provisional 
atrangements have been made for a working agreement 
between that Society and the American Bureau of 
Shipping. Arrangements will be made to facilitate 
dual classification of ships, but owners will be free, as 





hitherto, to select whichever society they may prefer. 





THE THIRD CONGRESS ON 
LARGE DAMS. 


In an article which appeared on page 590 of the 
issue of ENGINEERING of June 18, we recorded 
incidentally the course of events that led up to the 
Third International Congress on Large Damas, 
which was held in Stockholm, under the auspices 
of the World Power Conference, in the week from 
June 10 to 17. It is not necessary to recapitulate 
these details save to explain, by way of introduction 
to the following report of the proceedings in Sweden, 
that the governing body which arranges these con. 
ventions is the International Commission on Large 
Dams (or “C.I.G.B.,” its correct title being La 
Commission Internationale des Grands Barrages), 
which acts through its National Committees in the 
countries represented upon it, and which has as 
President the well-known French civil engineer, 
Mr. André Coyne. The Swedish Committee, who 
extended to the Commission the invitation to hold 
this year’s Congress in Stockholm, is presided over 
by Mr. G. Westerberg, civil engineering director 
of the State Power Board in Sweden. Other mem- 
bers of the Swedish Committee—whose names 
should be recorded, not only as civil engineers, 
but as the engineers of a particularly excellent 
feat of organisation—are Dr. Ing. C. A. F. Samsioe 
(vice-president), Professor W. Fellenius, Dr. Ing. 
B. Hellstrém, and Mr. B. D. Ekelund, with Mr. 
Tore Nilsson and Mr. Ragnar Kjellberg as secretary 
and deputy secretary, respectively. Dr. Hellstrom 
is also the President of the International Sub- 
committee on Concrete for Large Dams, as was 
mentioned in our previous article. 

The opening session of the Congress was held on 
June 10 in the Concert Hall at Stockholm, when 
introductory addresses were delivered by Mr. 
Westerberg, Mr. Coyne and Dr. Hellstrém, inter- 
spersed with a programme of music by Swedish 
composers, rendered by the Stockholm municipal 
orchestra. On Friday, June 11, plenary sessions 
were held in the morning and afternoon, and in 
the evening the délegates and their ladies were the 
guests of the Swedish National Committee at the 
official banquet of the Congress, held in the Town 
Hall of Stockholm. Two more plenary sessions 
followed on Saturday, June 12, and on the evening 
of that day the delegates left Stockholm by special 
trains on two “study tours,” to inspect a number 
of hydro-electric power stations, some operating and 
others under construction. The tours terminated at 
Trollhattan, at the southern end of Lake Vanern, 
where the two parties joined, on the evening of 
June 17, in a “‘ farewell dinner ” given by the State 
Power Board. As the number of participants 
was in excess of 350, coming from at least 26 
countries and possibly more—some delegates having 
joined too late to be included in the printed list— 
the claim of the Commission’s title to be “ Inter- 
nationale ” was fully justified. It may be added 
that the official delegate for Great Britain was Dr. 
W. L. Lowe-Brown, M.I.C.E. 

Following the procedure of the earlier congresses, 
each of the four plenary sessions was concerned 
with one subject, set out as a “ question” and 
numbered in sequence with those discussed in 
1933 and 1936. The first, Question 8, was the 
“* Critical Exposition of the Measurement of Uplift 
Pressures, and Stresses arising therefrom.” At 
this session, the chairman was Mr. J. D. Justin 
(United States) and the secretary, Mr. E. Reinius 
(Sweden), the general reporter being Mr. W. Schurter 
(Switzerland). Question 9, at the second session, 
dealt with ‘‘ Research Methods and Instruments 
for the Measurement of Stresses and Deformation in 
Earth and Concrete Dams,” the officers being 
Professor J. Aubert (France), chairman; Mr. 
N. Berg (Sweden), secretary; and Mr. M. Mary 
(France), general reporter. The third plenary 
session, conducted by Rai Bahadur A. N. Khosla 
(India) as chairman, with Mr. N. Wretblad (Sweden) 
as secretary and Professor Karl Terzaghi (United 
States) as general reporter, discussed Question 10, 
“The Most Recent Precautions to Avoid the Forma- 
tion of Pipings”; and the fourth considered 
Question 11, ‘‘ Experiences Arising from the 
Testing and Actual Use of Special Cements for 
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Large Dams,” under the chairmanship of Dr. F. M. 
Lea (Great Britain), with Mr. B. Léfquist (Sweden) 
assecretary and Dr. B. Hellstrém (Sweden) as general 
reporter. 

THE OPENING SESSION. 

As stated above, three addresses were delivered 
at the opening session. The first of these was by 
Mr. G. Westerberg, who welcomed the members 
on behalf of the Swedish National Committee and 
expressed particular appreciation of the fact that 
the originator, and Honorary President, of the 
International Commission, Mr. Gustave Mercier, 
and Mme. Mercier, had found it possible to be 
present. He welcomed also, on behalf of the 
Congress, the Minister of Communications, Mr. 
Torsten Nilsson, and the State Secretary, Mr. Arne 
Lundberg, who represented the Swedish Govern- 
ment; and General Director Gésta Malm—‘“ Swe- 
den’s Grand Old Man in Civil Engineering ’—who 
had been President of the First Congress, held in 
Stockholm in 1933. 

Turning to the main subject of the Congress, 
Mr. Westerberg observed that to create, not to 
destroy, was the urgent need of the present day, 
and suggested that, in real life, there was no more 
representative form of creating than the construc- 
tion of large dams, whereby what might be a 
destructive force became a source of useful energy. 
Recent events in the United States and Canada had 
shown what gigantic difficulties the dam builder 
had to face in his attempts to master great rivers, 
but a river under proper control might be a lifeline 
for an entire country. What the future might bring 
forth in this respect could only be imagined. In 
his opinion, America led the way in total river con- 
trol with the grand multiple-purpose dams in the 
Tennessee and Missouri valleys, in the Colorado 
River basin, and elsewhere ; but similar plans were 
on foot for the River Jordan, in Palestine, now the 
centre of the world’s interest. Sweden had no 
really large dams, but he hoped that the work 
which would be seen in progress would be found of 
some interest. Previous congresses had been held 
in more fortunate circumstances, when the world 
enjoyed a greater prosperity than at present, but 
he was confident that the Third Congress would 
be a success under the direction of the President, 
Monsieur André Coyne. 

The speech with which Mr. Coyne declared the 
Congress open was, in effect, a presidential address, 
in which he contrasted in eloquent terms the atmo- 
sphere of “‘ calm relaxation ” that had characterised 
the First Congress, held in Sweden 15 years before, 
with the experiences which so many of the parti- 
cipants had undergone in more recent times. It 
was a tribute to the land of Sweden, he said, that 
it could make them forget “the cold star of 
scarcity ’’ under which they subsisted, and remind 
them that everyday life might have its own prizes 
and rewards; though Sweden also had suffered, 
while generously healing the wounds of others. 

They had learned at heavy cost, Mr. Coyne 
continued, that, if technical science was made to 
serve man, it might equally well make his life 
unbearable ; and that it did not depend on them- 
selves, men of science or industry, that the tools 
they had forged were not always applied to peaceful 
purposes. The presence of representatives of so 
many nations, however, should suffice to prove 
that recovery was possible, and also to show the 
way to recovery. To create, merely for the pleasure 
of creating—was not this the response to one of the 
deepest needs of man’s nature ? Was not the joy 
that he experienced, in so doing, the seal of divinity 
at the core of his being? Unlike the artist, the 
scientist or the poet, however, the builder was not 
at liberty to make his own choice ; he must serve 
the needs of the community. It was there that the 
rough uphill climb began. 

To know, then carefully to weigh, the complex 
data of a problem, to pursue the elusive ones and, 
above all, to forget none—that was the first step, 
always bearing in mind that the consequences of 
an error of reckoning were seldom forgiven. 
Napoleon had said that war was the art of knowing 
what was happening on the other side of the hill ; 
but for them, practitioners in engineering, in the 
war that they waged constantly against Nature, 
their art was to know what was going on inside the 








hill—among many other things. All the complex, 
dispersed and contradictory elements had to be 
connected, by one thin thread after another, until 
they could be tied tightly together, arranged in 
order to form a correct and harmonious synthesis 
—that was the second stage. To quote Freyssinet 
(‘one of the greatest, if not the greatest of French 
builders’): “‘ The work of the builder is to bring 
order out of chaos. He has not a chance to achieve 
this if he is not himself possessed by the passionate 
need to imagine combinations of forms and stresses, 
to materialise them, to see them live, which is the 
sign of his vocation. In addition, he must have an 
exact valuation of the laws governing forces and 
matter, common sense to separate the essential 
from the subsidiary, and a lively susceptibility to 
the discordant. His method hardly ever varies : he 
sketches structures, retouches them, rejects them— 
and begins again. Little by little, contradictions 
dwindle, obscurities clarify, and harmony is born ; 
and in the end the solution seems all the more 
simple and beautiful in proportion to the effort that 
it has cost.” 

Lastly, said Mr. Coyne, the decision having been 
reached, one had to engage oneself totally to the 
task in hand, to confront Nature and the attendant 
risks, men and their weaknesses, with eyes fixed 
on the goal and the prize—the prize being to 
be present at the dawn of the work, to see it born, 
slowly develop, and at last come to life. In the 
modern world, such a task was too great for one 
man alone ; he must divide it, and, for each stage, 
carefully select his guide and his fellow travellers. 
If it were true that love of one’s work was the 
greatest blessing in the world, then such a life, 
with its complete subjection to hard discipline, 
marked by painful sacrifices, but also full of true 
grandeur, was the greatest blessing in the world, 
making one say, with Valéry, that, “‘ Of all possible 
acts, the fullest and most complete is that of 
building.” 

Having made appropriate acknowledgment of 
the patronage extended to the Congress by the 
King of Sweden and the Crown Prince, and of the 
personal support given by the Minister of Com- 
munications, Mr. Coyne then formally declared the 
Congress open. 

Professor Hellstrém, in the concluding speech of 
the session, outlined the several stages in the 
establishment of the International Commission and 
of the Sub-Committee on Concrete for Large Dams, 
as was recorded in the article on page 590 of our 
previous volume, and indicated some of the out- 
standing problems facing the constructor of large 
dams. In addition to those to which we referred 
in the above-mentioned article, he touched upon 
recent advances in the making of concrete, such as 
the use of various air-entraining agents. General 
experience over a number of years, he said, pointed 
to the fact that air-entrainment increased work- 
ability as wéll as resistance to the effects of frost ; 
but, to obtain good results by this means, it was 
important that the sand should not contain too 
high a proportion of fine particles. Thus the con- 
structor had to face the contradictory conditions 
that a relatively high proportion of fine particles 
was desirable to ensure watertightness, while an 
excess of fines would affect adversely the entrain- 
ment of air. The question of the grading of sand 
might have to be reviewed because of the increasing 
use of air-entraining agents. 

In many cases, engineers paid great attention to 
the choice of cement, and to obtaining the right 
aggregates and alow water: cement ratio, but they 
were not so attentive to the placing and curing 
operations. Further studies might be required of 
how best to deposit the concrete and to treat it 
in the form. Finally, there was the question of 
the cement itself. Portland cement of the standard 
or low-heat type gave a concrete which shrank in 
air, and studies had been made in recent years of 
the possibility of obtaining expanding cement. 
What was wanted, however, was a cement which 
would neither shrink nor expand—a field for 
research which should fascinate cement laboratories 
all over the world. They could not set their aim 
too high, though they realised that they would 
never get all that they desired. 

(To be continued.) 





THE ROYAL AGRICULTURAL 
SHOW AT YORK. 


(Continued from page 43.) 


On page 43 of last week’s issue we described a 
two-wheeled rotary cultivator which has been 
adapted to carry out light ploughing, hoeing, ridging 
and seed drilling. In direct contrast to this, Messrs. 
Allen and Simmonds (Holdings) Limited, Reading, 
were exhibiting a two-wheeled tractor, originally 
designed for general cultivating work, which has been 
adapted to accommodate a rotary cultivator. The 
tractor, which is designated the Auto-Culto, is 
illustrated in Fig. 9 on page 66, where it is shown 
fitted with the rotary-cultivator attachment; in 
order to show the cultivator more clearly, it has been 
painted a light colour. In addition to general 
cultivating work, such as ploughing, hoeing, etc., the 
Auto-Culto can be fitted with a 3-ft. cutter bar or a 
high-pressure spraying equipment, so that it fur- 
nishes a good example of how closely the two- 
wheeled tractor approaches to the versatility of the 
four-wheeled tractor. The Auto-Culto is fitted with 
a Villiers single-cylinder two-stroke petrol engine 
developing a maximum of 7 brake horse-power. The 
engine is lubricated on the petroil system and is 
cooled in the usual way by a fan fitted to the fly- 
wheel. The drive from the engine is transmitted to a 
countershaft and from the countershaft to the land- 
wheel axle by spur gears, a dog clutch being incor- 
porated in the system. The gears run in an oil 
bath and the shafts, which are precision ground, are 
supported by roller bearings. The standard machine 
is fitted with 20-in. diameter pneumatic tyres but 
wheels equipped with 26-in. diameter tyres can be 
fitted for high row-crop work. The wheel track is 
adjustable between the limits of 22 in. and 57 in., 
while ratchets fitted to the landwheels enable the 
tractor to be turned in a 30-in. radius. The clutch 
and throttle controls are fitted to the handlebars 
and the machine has a speed range of 2 to 24 miles 
an hour. 

The implement frames can be fitted either to 
the front or the rear of the machine, the method 
of fixing being exceptionally simple, entailing the 
removal and replacement of only two pins. A 
power take-off is provided, and this consists of a 
pulley wheel, 6} in. in diameter, and 2 in. wide, 
fitted to the intermediate shaft of the transmission ; 
this shaft has a speed of 130 r.p.m. and is used to 
drive the rotary cultivator. As will be seen from 
the illustration, the cultivator mechanism is fitted 
to the rear of the tractor and is supported from the 
handlebars. It is driven through an extension 
shaft fitted with two sets of bevel gearing, one 
of which transfers the drive from the power take- 
off shaft to the extension shaft, while the other 
transfers the drive to the axle of the cultivator. 
The extension shaft is completely enclosed and runs 
in ball bearings ; it is fitted at the rear end with a 
dog clutch for engaging the drive to the cultivator, 
the operating handle for which can be seen in the 
illustration. The cultivator is fitted with 12 stan- 
dard-pattern spring tines which are arranged to 
cover a width of 20 in., and the controls have been 
designed so that the operator can walk beside the 
machine, thus keeping the seed bed clear of foot 
marks. The Auto-Culto is an exceptionally com- 
pact implement, the height and width being only 
30 in. and 22 in., respectively, while the weight, 
when fitted with a single-furrow plough, is approxi- 
mately 6} cwt. 

A recent addition to the range of two-wheeled 
tractors is illustrated in Fig. 10, on page 66; this 
is the Garner tractor and is manufactured by 
Garner Mobile Equipment Limited, North Acton- 
road, London, N.W.10. It is somewhat larger 
than the two-wheeled tractors described so far, 
a noteworthy feature being the provision of a 
centrifugal clutch which takes up the drive auto- 
matically as the engine speed increases. It is 
driven by a 5-h.p. single-cylinder air-cooled petrol 
engine which is fitted with an impulse magneto and 
an oil-bath type of air cleaner. The engine speed 
is regulated by a twist-grip control incorporated in 
one of the handlebars and this arrangement, together 
with the centrifugal clutch, renders the machine 
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exceptionally easy to handle. The engine is governor 
controlled and the tractor has a speed range of 
4 to 8 miles an hour. The clutch transmits the 
drive from the engine to a gearbox which provides 
three forward speeds and a reverse, the gearbox 
being fitted with wider teeth than usual to enable 
the machine to work continuously at low speeds. 
The drive from the gearbox is transmitted to a 
countershaft through a spiral-bevel pinion and 
crown wheel, the crown wheel incorporating a bevel- 
gear differential, while final drive to the land- 
wheels is through enclosed roller chains. Steel 
landwheels having a diameter of 30 in. and a face 
width of 7 in. are fitted, and each wheel is provided 
with 24 spade-type speeds ; in the illustration, the 
wheels are shown fitted with road bands. Power 
steering is provided by internal-expanding brakes 
fitted to the countershaft, one at each side. The 
brakes are completely enclosed and they are applied 
by the vertical handles which can be seen in the 
illustration close to the handlebars. A power take- 
off is provided ; this runs at engine speed and con- 
sists of a flat-belt pulley situated at the front of the 
tractor. The swinging drawbar is adjustable and 
is provided with a simple hitch block which gives 
quick and easy coupling between the tractor and 
the toolbar. The implements available with the 
tractor cover a wide range and include cultivating 
tines, hoes, ridging bodies and the plough illus- 
trated in Fig. 10. 

It would appear that three-wheeled tractors con- 
tinue to gain in popularity, as several new examples 
of this type were being exhibited. One of these, 
the Gunsmith, is illustrated in Fig. 11, opposite ; 
it has been developed by Farm Facilities Limited, 
150, Marylebone-road, London, N.W.1. It will 
be seen from the illustration that the driver is 
seated in front of the engine and has an excellent 
view, therefore, of the front-mounted toolbar, a 
definite advantage for row-crop work. The Gun- 
smith tractor is fitted with a 6-h.p. single-cylinder 
four-stroke air-cooled petrol engine. The drive is 
transmitted to the gearbox through a flat belt and 
pulleys, the idler pulley for the belt acting as a 
clutch. The gearbox is of the automobile type and 
provides two forward speeds and a reverse. The 
gears run in oil and the engine and gearbox are 
fitted with 4-in. and 5-in. diameter pulleys, respec- 
tively, so that by interchanging the pulleys it is 
possible to obtain four different gear ratios. With 
the smaller pulley fitted to the engine shaft, the 
maximum speeds in low and high gears are approxi- 
mately 2 and 4 miles an hour, respectively, but with 
the larger pulley fitted to the engine shaft, these 
speeds are increased to 3 miles an hour for low gear 
and up to 5 miles an hour for high gear. The drive 
from the gearbox is transmitted through spur gear- 
ing to a countershaft and from the countershaft to 
the land wheels through spur-reduction gears. The 
countershaft is provided with a differential and 
differential brakes so that turning can be power 
assisted. The brakes are applied by separate 
pedals but a toggle-type lock is provided so that 
they can be used for parking. The rear wheels are 
fitted with 34 in. diameter pneumatic tyres and the 
wheel track is adjustable between the limits of 30 in. 
and 44 in. As will be seen from the illustration, 
both front and rear toolbars can be fitted; these 
can be raised or lowered, either independently or 
together, through a hand lever and linkage. A 
feature of this tractor is the method of fitting the 
drawbar to the chassis frame, the actual point of 
attachment being just forward and below the land- 
wheel axle so that the tractive effort of the plough 
or other implement is applied at the most effective 
part of the vehicle, that is, the centre of gravity. 
Furthermore, should the plough strike an obstacle, 
it is impossible for the tractor to turn over. The 
tractor has a length of 6 ft., a width of 3 ft. 4 in. 
and a height of 3 ft. 2 in., while the clearance under 
the axle is 16in. The range of implements available 
with the tractor includes disc and zig-zag harrows, 
hoes, flat and ribbed rollers and a general-purpose 
plough. A power take-off is provided and this has 
been arranged so that it can drive either a pump or 
a dynamo mounted on the tractor. 

A three-wheeled tractor of a somewhat different 
arrangement, which has been developed by Maxim 
Engineering Limited, West-row, Ladbroke Grove, 
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London, W.10, was being exhibited on the stand of | 
Messrs. Gates and Hardy, Limited, 66, Victoria- 
street, London, 8.W.1. This tractor, which has been 
designated the Powersteer, is illustrated in Fig. 12, 
opposite, and it will be seen that in this case the 
engine is in front of the driver. A noteworthy fea- 
ture of this tractor is that it is steered entirely 
by the driving wheels, the front wheel being sup- 
ported in a castor, an arrangement which allows 
greater concentration of weight on the driving 
wheels as no regard need be paid to the disposition 
of weight on the front wheel for steering. The 
Powersteer is fitted with a Ford 10-h.p. industrial 
type engine having a capacity of 1,172 c.c. The 
gearbox also is of Ford manufacture. It provides 
three forward speeds and a reverse ; top and second 
speeds being fitted with constant-mesh helical wheels 
selected by synchromesh elements. The drive from 
the gearbox to the rear wheels is through a size 20 
L.G.1 transmission unit, which also incorporates an 
auxiliary gearbox; this gives direct drive and an 
over-drive of 1-4 to 1 so that the tractor virtually 
has six forward speeds and two reverse speeds. 
The L.G.1 transmission, in addition to accomplishing 
the usual function of driving the rear wheels, also 
controls the steering by altering the relative speeds 
of the driving wheels. The system is regenerative 
in that the redundant energy made available in 
changing the tractor from running straight ahead 
to a curved path is used for steering. When running 
straight ahead, both rear wheels are locked and the 
differential is brought into action only when a turn 
is being made. Steering control takes the form 





of two levers grouped together on the centre-line 


of the tractor and within easy reach of the driver. 
The tractor is of frameless-backbone construction 
and the engine and gearbox assembly is arranged 
so that it can be removed as a single unit by undoing 
four bolts. The castor for the front wheel has been 
designed so that it can be adjusted laterally across 
the tractor while the track of the rear wheels can 
be altered between the limits of 36 in. and 54 in. 
The front wheel is fitted with a 16 in. by 4 in. 
pneumatic tyre and the rear wheels with 24 in. by 
7 in. Goodyear water-filled tyres. The overall 
length of the tractor is 7 ft. while the weight when 
the rear tyres are filled with water is approximately 
2,780 lb. Assuming, therefore, a coefficient of tyre 
adhesion of 0-665, a drawbar pull of 2,300 Ib. 
can be developed which should be sufficient under 
average conditions for hauling a two-furrow plough. 

The four-wheeled type of tractor continues to be 
adapted to perform an ever-widening range of duties, 
full advantage being taken of the implement 
power lift and the rear power take-off. A good 
example of the adaptability of this type of tractor 
is furnished by the hammer mill illustrated in Fig. 5, 
on page 60, which has been developed by Messrs. 
David Brown Tractors, Limited, Meltham, Hudders- 
field, for use with their Cropmaster tractor. As will 
be seen from the illustration, the mill is held to the 
tractor through the implement linkage and is 
arranged so that it can be transported to the work. 
The rotor is driven by a belt from the tractor 
power take-off, an interesting feature being that the 
belt is made from plastic material. The mill rotor 
is 12 in. wide and has a diameter of 25 in. ; it runs 
in self-aligning roller bearings and is fitted with 
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«GunsmitH’’ Tractor; Farm Facrmirres Limirep. 
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30 hammers. These are made from hardened steel 
and, in addition to being reversible, can be inverted 
thus giving four cutting edges to each hammer and 
extending their life considerably. Six interchange- 
able screens are provided, the meshes ranging from 
} in. to 3 in., and they can be changed quite easily 
by raising and swinging back the upper casing in 
which the grain hopper and straw-feed trough are 
incorporated. The milled products are discharged 
by a six-bladed fan, the rotor of which is integral 
with the mill shaft. The products are delivered 
to the separator visible in the illustration ; this is 
fitted with a two-way bagging attachment and 
change-over valve which enables collection to 
proceed without interruption. The rotor revolves 
at 2,000 r.p.m. and a noticeable feature of the 
machine when running is the absence of noise and 
vibration. The complete machine has a low 
overall height and can be driven through a door 
only 8 ft. 6 in. high. When in use the machine 
rests on the ground but it can be raised and trans- 
ported without losing the alignment between the 
power take-off pulley and that fitted to the rotor. 
Another interesting exhibit on the stand of 
Messrs. David Brown was the David Brown- 
McConnel circular-saw bench illustrated in Fig. 6 


** POWERSTEER’’ TRACTOR; Maxim ENGINEERING LIMITED. 





on page 60. The saw bench, like the hammer mill, 
is held to the tractor by the rear linkage and is 
driven by the rear power take-off. The saw has 
been designed both for ripping and cross cutting ; 
for cross cutting, the swing-type bench visible in 
the illustration is used and work up to 10 in. in 
diameter can be sawn at one stroke. Alternatively, 
the saw can be fitted to the near side of the machine 
so that it can be used for ripping any length of 
timber. Ground support is provided by jacks 
which are adjustable for levelling on uneven ground, 
while the drive is by crossed belt from the tractor 
pulley, the tension of the belt being maintained by an 
adjustable jockey pulley. By using the low speed 
of the tractor two-speed pulley unit, a working 
speed of 1,300 r.p.m. can be obtained. Generally, 
this is adequate for most purposes but the speed can 
be increased either by accelerating the engine or 
by using the higher pulley ratio. 

The Ford Motor Company, Limited, Dagenham, 
Essex, also have made a close study of tractor farm- 
ing and the exhibits on their stand included a wide 
variety of implements designed for use with the 
hydraulic lift assembly fitted to the Fordson Major 





to take the place of the top link of the three-point 
linkage used to hold the implements to the rear 
of the tractor. Should a hidden obstacle, such 
as a tree root, be encountered when ploughing, 
for example, the extra compressive load induced in 
the top link overcomes a hydraulic pressure-relief 
valve and causes the link to telescope. The move- 
ment produced by the telescoping action is trans- 
mitted to the clutch-operating lever and the clutch 
is disengaged, thus preventing the implement from 
being damaged. A simple adjustment allows the 
critical load at which the clutch will disengage to 
be varied from 1,000 Ib. to 4,400 lb., an adequate 
range for all types of implements. The new top 
link is illustrated in Fig. 7, on page 60; like the 
original link, it is adjustable for length between the 
limits of 24 in. and 29 in. so as to provide for imple- 
ment pitch control. A ratchet retains the clutch in 
the disengaged position until the driver wishes to 
reset it ; this can be accomplished from the tractor 
seat and as soon as the implement is raised to clear 
the obstruction, the top link regains its original 
length. 

Perhaps the most interesting exhibit on the 
stand of the Ford Motor Company was a Fordson 
Major tractor fitted with a Perkins Diesel engine. 
This type of tractor has been produced to meet a 
widespread demand both at home and overseas, 
the main advantage of fitting a Diesel engine being 
that the full power of the tractor can be developed 
without recourse to high-grade fuel. A tractor 
fitted with a Diesel engine is illustrated in Fig. 8, 
on page 60, and it will be noted that the modifica- 
tion makes little difference to the appearance. . The 
tractor shown in the illustration is fitted with half- 
track equipment developed by Messrs. Roadless 
Traction, Limited, Hounslow, Middlesex; this was 
described in ENGINEERING, vol. 164, page 77 (1947). 
The engine fitted is virtually a standard Perkins 
type P6 unit, the only major modifications required 
being the fitting of an adaptor plate between 
the end of the engine and the clutch housing and 
the provision of a special sump. The P6 engine 
is a six-cylinder unit which, for use on the Major 
tractor, has been designated the P6(T) type; it is 
governed at 1,500 r.p.m., at which speed it develops 
45 brake horse-power. The cylinder block and 
crankcase form a single casting, the cylinder bores 
being fitted with cast-iron alloy liners. The 
cylinder head is detachable and is fitted with 
overhead valves operated by a camshaft located 
high up on the offside of the cylinder block. The 
crankshaft is machined from a_nickel-chrome- 
molybdenum steel forging and is carried by seven 
main bearings of the steel-backed type. The con- 
necting rods are H-section steel stampings and, 
like the main bearings, are fitted with steel-backed 
big-end baerings. The engine is fitted with a 
standard C.A.V. fuel-injection pump and the timing 
of the combustion is varied automatically so as to 
give maximum efficiency at all loads and speeds. 
The engine is water-cooled, the circulating pump 
being belt-driven from the crankshaft, and cooling is 
assisted by a fan fitted to the front of the cylinder 
block. 

(To be continued.) 





AUTOMATIC SIGHT-FEED LUBRICATOR.—An automatic 
sight-feed lubricator manufactured by Londex, Limited, 
207, Anerley-road, London, S.E.20, is fitted with a steel 
plunger which is lifted off its seat by a solenoid when 
the machine on which it is mounted is running. When 
the machine stops, the solenoid is de-energised and the 
oil flow is cut off. In this way oil consumption is reduced ; 
no attention is required except for the periodical filling 
of the containers. The electrical consumption is only 
from 8 to 11 watts. 





MANCHESTER-SHEFFIELD ELECTRIFICATION.—-Sir Cyril 
Hurcomb, chairman of the British Transport Commis- 
sion, recently stated that it is hoped to bring into use 
the first stage of the Manchester-Sheffield railway 
electrification scheme, between Wath and Dunford, in 
March, 1951. A year later the section from Dunford to 
Manchester (London Road), including a new repair depot 
and car sheds at Reddish, will be brought into operation. 
The third and fourth stages, which include Sheffield to 
Barnsley Junction and Levenshulme to Manchester 
(Certral), are expected to be completed in December, 
1952. The scheme will cost 6,000,000/. Sir Cyril also 





tractor. Recently, this firm developed an auto- 
matic safety clutch release which has been designed 


announced that tenders are about to be invited for the 
construction of the new double-line tunnel at Weodbead. 
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LABOUR NOTES. 


THE group council of the Confederation of Ship- 
building and Engineering Unions, which met at York 
on Tuesday, decided to recommend to the full con- 
ference an immediate public inquiry into the engi- 
neers’ claims for an increase of 133s. a week, which 
affects about 2,750,000 employees and involves an 
expenditure of some 80 to 90 million pounds annually. 
The council stipulate that profits in the <n 
industry should form part of this inquiry. The fu 
conference of delegates of the 37 unions which comprise 
the Confederation opened in private on Wednesday, 
also at York. The recommendations are being dis- 
cussed at the commencing sessions of the conference. 
Another item on the conference agenda is the ship- 
building employees’ claim for a weekly increase of 15s. 





Skilled maintenance men employed in Sheffield 
steelworks are to be paid a bonus of 7s. a week upwards, 
under schemes which are to come into force by August 5, 
at the latest. In announcing the acceptance of this 
offer from Sheffield engineering firms, Mr. J. T. H. 
Chrisp, secretary of the Sheffield District Committee 
of the Confederation of Shipbuilding and Engineering 
Unions, said that in many cases the bonus would be 
paid to unskilled men also. It was estimated that at 
least a thousand men would benefit, at a cost to the 
firms concerned of upwards of 18,0001. a year. Manage- 
ments and shop stewards would meet, during the next 
three weeks, to arrange bonus rates for their own works, 
within the terms of the agreement. Schemes along 
the lines proposed were already in operation in some 
firms. The arrangements have arisen from negotia- 
tions which began in the autumn of 1946, when the 
unions asked for an increase of 20 per cent. on the men’s 
basic weekly wage of 5/. 12s. 10d. 





Speaking at the annual conference of the National 
Union of Railwaymen at New Brighton, Cheshire, on 
July 7, Mr. John Benstead, formerly the union’s general 
secretary, impressed upon the delegates the responsi- 
bilities which trades unions and their members, engaged 
in nationalised industries, have to the community. 
Mr. Benstead, who is now a member of the Transport 
Commission, warned them against treating the public 
and ind like some gigantic milch cow from which 
fares and rates could be extracted at will. If they tried 
to get too much, the cow might die, but not before they 
themselves had died of malnutrition. He said that the 
railways had been brought under state ownership not 
alone to provide better conditions for those who worked 
on them, but to benefit industry and the community 
as well. 





The conference passed a resolution, supported by 
Mr. James Campbell, the union’s assistant general 
secretary, which viewed with concern the refusal of 
numbers of railwaymen to apply for higher posts owing 
to lack of suitable housing accommodation. Mr. 
Campbell said that men in all grades were declining 
promotions for which they were qualified because of the 
housing shortage. On account of this and the domestic 
worries involved, signalmen of great experience could 
not be moved to more important boxes. Mr. J. R. 
Christie, who proposed the resolution, gave examples 
of some primitive housing conditions in Scotland, which, 
he said, railwaymen’s families were having to endure. 





The Minister of Transport, Mr. Alfred Barnes, 
addressing the railwaymen’s conference on July 9, said 
that trade unionists appointed to the governing bodies 
of nationalised industries must give up their sectional 
interests. Their duty in their new posts would be to 
serve the public. He emphasised that trades unions 
could not be directly represented on such governing 
bodies. The Minister’s statement was probably made 
in answer to the resolutions some days before, 
in which demands were put forward for the union to 
have representatives on the Transport Commission 
and on the Railway Executive. Mr. Barnes said that 
the members of these bodies had to possess the kind of 
background and knowledge that would appreciate the 
operational and workshop problems involved in the 
great industry they controlled, and he himself ap- 
pointed them. He said that many people failed to 
understand that directly he appointed the union’s 
general secretary, Mr. John Benstead, C.B.E., to be a 
member of the Transport Commission, he ceased to be 
their secretary. aes 

Mr. Barnes made other interesting points in his 
address. He said that the managements had been 
generally co-operative and that he had failed to find 
any signs of sabotage by managements, as alleged earlier 
in the conference. During 1948, the railway loco- 
motive shops should turn out 450 locomotives and some 
41,000 wagons. Railway footplate employees would 
not be called up until the end of the year. Mr. Barnes 
also said that the revenue received during May for a 


given amount of traffic, showed an increase of only 
10 per cent. instead of the 163 per cent. expected. This 
week’s sessions of the conference have been private. 





As was to be expected, the annual conference of the 
National Union of Mineworkers at Whitley Bay last 
week devoted several sessions to questions of coal out- 
put. Mr. Ernest Bevin, Secretary of State for Foreign 
Affairs, said that nationalisation, by itself, could not 
give a heaven. He and the miners were partners in a 
great job and they were mutually dependent on one 
another for suecess. He begged the miners of Britain 
not to blame the management and the management not 
to blame the miners. Both were essential and he had 
pledged them both throughout the world to deliver the 
coal. Mr. Hugh Gaitskell, Minister of Fuel, said that 
open-cast coal production had enabled the target for 
the first six months of 1948 to be passed, but aeep- 
mined coal had been below the weekly targets for the 
last few weeks. The miners had said that they would 
be able to produce 23 million tons for export in 1949, 
but 25 million tons might be needed if the country’s 
meat ration was to be safeguarded in the negotiations 
with the Argentine. Lord Hyndley, chairman of the 
National Coal Board, said that there must be an 
increase of 100,000 tons a week if the target of 200 mil- 
lion tons for 1948 was to be reached. He condemned 
restrictive practices and absenteeism, and called for a 
full day’s work each day. He urged miners to work 
more than the five-day week. 





Early in the conference, a resolution calling on the 
mineworkers’ national executive to carry out the 
decision of the 1946 conference and submit a new wage 
structure for the industry was carried unanimously. 
In the discussion on wages, Mr. Arthur Horner, the 
general secretary, reminded the conference that many 
pits were working at a loss of over 2l.a ton. In some 
pits, the loss reached 7l.a ton. He added that the old 
pits had got to die sometime. It was the union’s duty 
to see that the social consequences of the dying were 
lessened and that the miners were transferred to new 
pits as smoothly as possible. Mr. Horner said that 
195 million tons were required, in addition to coal for 
export to pay for food and raw materials, if there was 
to be full employment. He warned the miners that 
failure to reach these figures by 5 million tons, would 
mean unemployment in the region of 2,500,000 persons. 





The mineworkers’ conference gave unanimous 
approval to a scheme, promoted under the Industrial 
Injuries Act, to provide benefits for injured and 
disabled miners, which will be additional to those 
payable under the National Insurance Act. A totally 
disabled miner, who is single, will receive altogether 
31. 5s. for a maximum period of 26 weeks. A married 
man, without children, will receive 4J. ls. in similar 
circumstances. A totally disabled man will receive a 
pension of 15s. a week, which, with payments under 
the National Insurance Act, will bring his income up 
to 41. 16s. if he is married. The children’s allowances 
are 7s. 6d. for the first, and 5s. for each additional 
child. All widows will receive an additional 11. a week, 
except widows under 40 and childless, who will receive 
5s. a week extra. The aim is to bring the incomes of 
miners, disabled by accident or disease in the course 
of their employment, up to the guaranteed minimum 
wage. The scheme, which was stated to be the first 
of its kind, will officially commence on August 2, but 
payments will date from July 6. 





The eventual cost of this insurance scheme was 
estimated by Mr. Arthur Horner to amount to about 
four million pounds in a full year. Seven-eighths of 
this sum, equal to 4d. on every ton of saleable coal, 
would be provided by the National Coal Board. The 
remaining one-eighth would be contributed by the 
employees, who will pay 2d. to 4d. a week each, 
according to age and sex. Mr. Horner said that these 
financial arrangements were made at a time when the 
Board was experiencing great financial difficulty, and 
the negotiations Jad been difficult and tortuous in 
consequence. The next step would be to seek supple- 
mentary pensions for aged miners and miners no longer 
able to work. 





BRITISH WELDING RESEARCH ASSOCIATION.—At the 
annual general meeting of the British Welding Research 
Association, 29, Park-vrescent, London, W.1, held on 
July 8, Mr. A. J. Boyd, Mr. H. W. Clarke, Sir Andrew, 
McCance, F.R.S., Dr. J. H. Paterson and Mr. C. M. 
Spielman, M.C., retired from membership of the Council 
by rotation but were re-elected. Cc der Sir Robert 
Micklem, C.B.E., R.N., and Mr. V. E. Greenwood relin- 
quished their positions on the Council and Mr. L. P. 
Lord, Mr. F. C. Mannox, Mr. J. A. Oriel, C.B.E., Vice- 
Admiral Sir Charles Simeon, K.B.E., C.B., and Mr. 
J, H. N. Thompson were elected to the Council for the 








first time. 





HYDRODYNAMIC DESIGN OF 48-IN. 
WATER TUNNEL.* 


By Donatp Ross, M.A., Dr. J. M. Ropertson, M.Sc. 
and Dr. R. B. Power. 


THE variable-pressure water tunnel being built 
at the Pennsylvania State College is to be used 
primarily in the experimental phases of a research 
programme on torpedo propellers. It will be a closed- 
circuit tunnel in which 8-in. diameter powered models 
may be tested at speeds up to 35 knots in a 48-in. 
closed jet. The tunnel will be 97 ft. long and 31 ft. 
high. The impeller will be a 95-in. 4-blade adjustable- 
pitch runner, driven by a 1,750-h.p. wound-rotor induc- 
tion motor, at speeds of 70 to 175 r.p.m. The 14-ft. 
long working section is preceded by a 20-ft. long nozzle 
having an initial diameter of 12ft., and is followed by 
@ gradual transition into a 7-deg. diffuser. The four 
corners are 90-deg. mitre elbows with aerofoil turning 
vanes. The tunnel will be in operation by 1950. 

The Ordnance Research Laboratory of the Penn- 
_——_ State College has, as a task assignment for 
the Bureau of Ordnance of the United States Navy, the 
problem of designing torpedo propellers more effective 
than those now used. Initial research on this problem 
has indicated that considerable improvement is possible 
through a new and more basic approach to propeller 
design ; but, to implement design methods based on 
this new approach, an extensive experimental pro- 
gramme is necessary. One of the fundamental prin- 
ciples of the new method is that the propeller be 
designed in relation to the torpedo wake in which it 
is to operate, so that the only significant tests are those 
on propellers operating in the wakes for which they 
are designed. The best test facility for this purpose 
is a high-speed water tunnel, large enough to test 
model propellers behind model torpedoes. The design 
of this tunnel was undertaken by the staff of the 
Ordnance Research Laboratory in October, 1945. 

The evaluation of a propeller design involves measure- 
ment of propeller forces, body forces, and the details 
of flow conditions near the propeller. The efficiency 
is determined from measurements of propeller thrust 
and torque, as functions of the rotational and forward 
speeds. The effectiveness of the propeller in driving 
the torpedo is influenced by its interaction with the 
torpedo body; this interaction is evaluated by means 
of measurements of the body forces. Also important 
in evaluating the design are velocity and pressure 
measurements in the wake behind the torpedo and 
propeller. The cavitation properties of propellers 
are often as important as their efficiencies, and the 
occurrence of cavitation is detected by visual or 
acoustic means. The essential features of a water 
tunnel for the evaluation of torpedo propeller designs 
are: first, continuous variation and control cf water 
speed and pressure, to cover a wide operating range and 
to permit the evaluation of Reynolds number and 
cavitation scale effects; second, facilities for test- 
ing counter-rotating propellers at various speeds 
and powers; third, quiet and vibrationless operation 
to permit acoustic measurements; and, fourth, a 
balance for measuring the lift and drag forces, as 
well as the moments, on the torpedo models. As 
some of the features of propeller design might best 
be evaluated by means of free-stream tests, it is 
desirable that facilities be available for such tests. 
These features, to a large extent, determined the type 
of water tunnel chosen. 

When the design of a water tunnel was first consi- 
dered, the question arose as to whether the tunnel 
should be of the circulating or non-circulating type. 
The most serious objection to the circulating type is 
the danger that the noise generated by the pump or 
impeller might be carried by the water and the tunnel 
walls to the working section, where it might interfere 
with acoustic measurements. A tunnel supplied by an 
elevated reservoir would be less noisy, because the 
water could be returned to the reservoir at times when the 
tunnel itself was not in operation. With a non-circulat- 
ing tunnel, however, independent control of velocity 
and pressure would be difficult. Measurements of the 
noise in the circulating water tunnel at the Massachu- 
setts Institute of Technology, showed that it would be 
possible to design a tunnel with a background noise 
level low enough to permit the desired acoustic measure- 
ments ; the non-circulating type tunnel, therefore, was 
no longer considered. 

An examination of the design of existing water 
tunnels was made to determine their features. It 
was found that water tunnels can be classified according 
to whether the working section is open or closed, and 
according to whether or not a shaft for model propellers 


* Paper presented at the Spring Meeting of the Society 
of Naval Architects and Marine Engineers, on May 27, 
1948, at Old Point Comfort, Virginia, United States of 
America. Based on a report issued privately by the 
Ordnance Research Laboratory of the Pennsylvania 
State College. The work was supported by the U.S. 
Navy Bureau of Ordnance. Abridged. 
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is brought out through a tunnel shell. Most tunnels 
used for testing propellers are open-jet tunnels with the 
shafts brought through the shell. Two American 
tunnels of this type are the 20-in. tunnel at the Massa- 
chusetts Institute of Technology, and the 24-in. 
tunnel at the David Taylor Model Basin. Both these 
tunnels have open jets the lengths of which are less than 
their diameters and the model propeller shafts are 
brought out through the portion of the diffuser in which 
the working section velocity is reduced before making 
a right-angle turn. In order that the shaft length 
be not too great, this portion of the diffuser is made 
much shorter than would be desirable from the point 
of view of the energy loss and cavitation susceptibility 
of the first turn. A typical German-designed propeller 
tunnel of the closed-jet type is the 36-in. tunnel at 
Wageningen, Holland. The closed jet has a length 
many times its diameter, to permit testing of elongated 
bodies. In order to bring out the model propeller 
shaft before the first turn, the diffuser is split and then 
rejoined ahead of the pump turn. A 12-in. open-jet 
non-propeller type tunnel was designed and built at 
the University of Iowa in 1944, for studying cavitation 
on nose shapes. As there is no model propeller shaft 
to consider, the diffuser before the first turn is made 
much longer. A 14-in. high-speed closed-jet non- 
propeller type tunnel was built at the California 
Institute of Technology in 1942, for studying cavitation 
and measuring forces on elongated bodies. It has a 
relatively long working section, and, as there is again 
no model propeller shaft to bring out, the diffuser 
is also relatively long. 

This brief discussion of typical water tunnels shows 
that the two major factors affecting the tunnel propor- 
tions are the choice of a closed or open jet, and the 
pr or absence of an external shaft for driving 
the model propellers. For the present design, the 
first of these factors was fixed by the fact that if the 
length of an open jet is much greater than its diameter 
the jet is directionally unstable. Since the tunnel is 
to be used to test model torpedoes, a relatively long 
working section is required, making it necessary to 
use a closed jet. The method of driving the model 
propellers was also decided relatively early. The 
effects of bringing out a shaft in a short length are 
apparent in the various propeller tunnels described ; 
either the first turn is very close to the working section, 
or the diffuser and turn are split. Each of these 
solutions results in poor flow conditions in the following 
sections, and gives a bend design that is susceptible to 
cavitation. Studies of the critical speeds of shafts 
indicated that the model propeller shaft could not 
be brought out of a large water tunnel at any great 
distance from the working section. This meant that 
the model-propeller driving motors and associated 
measuring equipment should be located inside the 
tunnel. Since the primary purpose of the tunnel is 
that of testing prop2llers behind model torpedoes, the 
logical location of the motors is in the torpedo model. 
This can be accomplished with special motors already 
developed for use in wind-tunnel models. By turning 
the model around, free-stream propeller tests can be 
made. This reasoning led to the decision, reached 
early in 1946, that the Ordnance Research Laboratory 
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water tunnel should be a closed-circuit closed-jet type 

water tunnel, without external model-propeller shafts. 

With only a year allowed for preparing the hydro- 
dynamic design, certain radical innovations could not 
be consiaered, and more conventional components 
had to be selected. For example, the use of boundary- 
layer suction at the start of the diffuser, which might 
be a means of shortening the diffuser, could not be 
investigated within the time. Considerations of cost 
required that the tunnel should be as compact as is 
commensurate with good operating characteristics. 
Thus, although a large contraction ratio for the nozzle 
would minimise turbulence in the working section, the 
increased tunnel cost with increased area ratio neces- 
sitated a compromise. 

The design of the water tunnel had progressed 
by the spring of 1946 to the stage where all of the 
design variables had been fixed, except those requiring 
extensive theoretical and experimental investigations. 
Tentative choice of the latter permitted an initial 
design for use as a guide during investigations leaaing 
to the final design. The features which were thus 
provisionally fixed in the initial design included the 
diameter of the working section, the maximum working- 
section velocity, the cross-sectional shape, the contrac- 
tion-area ratio, the type of turns, and the impeller 
location, type and power. After the selection of a 
closed-circuit closed-jet non-external propeller-shaft 
tunnel, the most important variables were the diameter 
of the working section and the maximum speed required 
for testing. The problems of cavitation testing were 
the primary consideration in fixing the maximum 
velocity, while tunnel-wall interference effects governed 
the choice of diameter. 

The forces on an object moving in a constricted 
flow are influenced by interference effects from the 
wall. The seriousness of these interference effects 
is a function of the body-to-channel diameter ratio. 
The usual model-to-working-section diameter ratio 
used in wind tunnels is between 1:10 and 1:15, 
and the ratio used in the high-speed water tunnel at 
the California Institute of Technology is 1:7. The 
theory of interference for an axially symmetric body 
in a circular conauit indicates that the interference 
effect is proportional to the cube of the body-to-channel 
diameter ratio. Thus, a reduction in’ diameter ratio 
from 1:7 to 1:54 doubles the interference effect. 
The interference is greater for long bodies than for 
short ones, and increases when the body is yawed or 
pitched. Structure cost and power requirements 
dictate that the working-section diameter for a given 
model should be small; that is, the body-to-channel 
diameter ratio should be as near unity as possible. 
Careful consideration of these factors resulted in the 
selection of a diameter ratio of 1:6. For a typical 
torpedo model, having one-sixth the tunnel diameter, 
the interference effect on drag is about 5 per cent., 
which may be corrected when using mathematical 
shapes. As the theory cannot be applied accurately 
to torpedo bodies, the corrected forces will contain an 
uncertainty of at least 2 per cent. 

The model-torpedo size was fixed chiefly by consi- 
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derations of minimum usable propeller diameter. 
Based on the experiences of the Harvard Underwater 
Sound Laboratory and the David Taylor Model Basin 
with model propeller manufacture and measurement, 
the indicated minimum diameter of a reasonably accu- 
rate propeller was 5 to 6 in. This led to the choice of 
an 8-in. diameter model torpedo, and hence made the 
tunnel working-section diameter 48 in. The maximum 
water-tunnel speed must be high enough to permit 
cavitation testing under conditions simulating those of 
normal propeller-driven torpedo operation. As the 
cavitation similarity parameter o varies with the ratio 
of the available static pressure to the square of the 
velocity, it is possible to simulate high-speed torpedoes 
by testing under reduced pressures. Thus, to simulate 
a 40-knot to o, one needs only a 20-knot tunnel 
speed, if absolute pressures as low as 0-3 atmosphere 
are used. As the cavitation phenomena are somewhat 
affected by the static pressure, and, as it may be desir- 
able to simulate higher speed projectiles, a tunnel speed 
of at least 30 knots is required. In addition to operat- 
ing the model at the same cavitation index as the proto- 
type, it is desirable to operate at the same Reynolds 
number, so that the ratio of dynamic to viscous forces 
is the same. To achieve this would require testing the 
model at speeds greater than the prototype, an ideal 
which usually cannot be obtained. As the tunnel 
driving power varies with the cube of the working- 
section speed, it was decided to design the tunnel for a 
maximum speed of 35 knots. 

The circular cross-sectional shape of the tunnel 
sections was chosen after consideration of the quality of 
the flow and interference effects. The tunnel is being 
built to test axially symmetric bodies, hence it seems 
logical to make it cylindrical. Furthermore, the use 
of any cross-sectional shape with flat sides is undesirable 
because of the secon currents introduced at the 
corners. The difficulty of making transitions from 
circular to other cross-sectional shapes, together with 
the resultant introduction of secondary currents, made 
undesirable the use of any but circular sections in the 
nozzle and diffuser. As the pump is circular in cross- 
section, there is no reason to make the rest of the 
circuit anything but circular. 

The choice of the nozzle-area contraction ratio was 
influenced by the necessity for good flow conditions in 
the working section, and the limitations of cost. 
The greater the nozzle-area contraction ratio, the 
more uniform the velocity distribution, ana the lower 
the turbulence intensity in the working section. Ratios 
as high as 16:1, or 25:1, have been used in wind 
tunnels. The objection to such large ratios is primarily 
the high cost of the tunnel shell. Also, if a nozzle of 
large initial diameter is used, the pressure in the 
working section must be sufficient at all times to keep 
the pressure at the top of the nozzle above that at 
which a cavity will form ; this places a limit on cavita- 
tion testing at low s In view of these factors, 
and as it has been found satisfactory in other wind 
and water tunnels, a ratio of 9:1 was chosen. The 
adequacy of this ratio as regards uniform flow was 
later verified by experiments on nozzles having a 
nozzle-area contraction ratio of 8-2: 1. 

In arriving at the initial design, several types of 
turns were considered. The use of long or short radius 
elbows would result in a poor velocity distribution 
after the turn. The use of splitters in such bends 
improves the velocity distribution and reduces the 
cavitation tendencies. However, the use of mitre 
bends with aerofoil-type vanes results in excellent 
flow conditions, low energy loss, freedom from cavita- 
tion, and a more compact design. It was the logical 
choice for the water tunnel. The diameters for the 
first and second turns could not be fixed early in the 
programme as they are controlled by the pump 
diameter and the diffuser proportions. The diameters 
of the third and fourth turns were fixed by the diameter 
of the nozzle entrance. As it is not desirable to have 
an expansion immediately preceding a nozzle, the 
fourth-turn diameter was fixed at 12 ft. The third- 
turn diameter was also fixed at 12 ft., as there was 
little room for expansion between it and the fourth 
turn, and specifying two identical turns could reduce 
the tunnel costs. 

The velocity and pressure ranges over which it is 
desired to run tests were important factors affecting the 
design of other tunnel components. To permit the 
greatest latitude in testing in the tunnel, it would be 
ideal to vary the working-section speed continuously 
between zero and the maximum speed of 35 knots 
(60 ft. per second). Unfortunately, the characteristics 
of propeller pumps are such that, at low flows, the 
discharge from the pump is unsatisfactory, due either 
to pulsations or poor velocity distribution. Besides 
the flow disturbances, there are serious control problems 
at low discharge. The determination of an acceptable 
value for the minimum tunnel speed required a review 
of the expected propeller tests. The maximum power 
available in the model motors limits the maximum 
speed at which tests can be made to simulate the 
propulsion of high-drag bodies. As such bodies operate 
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at relatively low speeds, it follows that low tunnel 
speeds must be used to simulate their operating condi- 
tions. Estimates of the necessary speed for a high- 
drag body gave a test velocity of 8 knots. Still lower 
speeds are desirable to test propellers of such bodies over 
a range of operating conditions. Consideration of all 
factors led to the conclusion that the water speed 
should be controllable with maximum proportional 
accuracy down to 9 knots, and with somewhat reduced 
accuracy to 5 knots. The minimum and maximum 
working-section operating pressures were determined 
by cavitation considerations. The minimum pressure 
was set at 3 lb. per square inch absolute, because tests 
at lower pressures tend to be meaningless. In fact, 
even at 5 lb. per square inch absolute, cavitation pheno- 
mena are distorted. In order to permit cavitation-free 
testing of any propeller near maximum tunnel speed, a 
working-section pressure of 60 lb. per square inch 
absolute is needed. The water-tunnel pressure range 
was therefore fixed at 3 to 60 lb. per square inch. 
Besides their effect on the hydrodynamic design, these 
limits were needed for structural design considerations. 

The type of impeller to be used in the tunnel was 
fixed by the fact that a high rate of flow was required 
at a relatively low head. A preliminary analysis of the 
tunnel losses indicated that, at the maximum flow of 
750 cub. ft. per second, a head of 12 to 15 ft. would be 
required from the pump. Using the tentatively deter- 
mined pump diameter, these figures yielded a pump 
specific speed well within the range of propeller type 
pumps. Because of the good flow conditions normally 
associated with an axial-flow pump, it-was the logical 
choice for this application. The most common type 
has fixed blades, so that the discharge can be varied 
only by a change of speed. A more flexible type is 
the Kaplan adjustable-pitch pump. The flow from 
each type is good over only a limited range of discharges. 
A wider range could be obtained by varying the speed 
as well as the blade angle. Thus, the use of a Kaplan- 
type pump with a variable-speed drive would be the 
ideal solution for a water tunnel. The higher cost of 
this ideal, however, required a choice to be made 
between the two types of pumps. Fixed-blade pumps 
operate under the most favourable conditions only if 
the ratio of the head to the square of the discharge 
is kept close to an optimum value. At first glance, 
this appears to be the logical choice for a water tunnel, 
in which the losses are nearly proportional to the 
square of the velocity. In the tunnel being designed, 
however, powered models are to be tested which may 
provide an appreciable fraction of the power required 
at medium speeds. The Kaplan-type pump is designed 
to have good operating characteristics under just such 
a wide range of loading, and this adaptability to varia- 
tions in the head-discharge relation rendered the 
adjustable-pitch pump more suitable. 

Pumps, like propellers, are subject to cavitation. 
Even the least amounts of cavitation are undesirable 
in a water tunnel, owing to interference with acoustic 
measurements in the working section, and because of 
the necessity of avoiding pulsations. Cavitation will 
occur if, at any rate of flow, the static pressure at the 
pump is too low. The static pressure at the pump 
is the sum of three pressures: the working-section 
pressure ; the pressure resulting from the -difference 
in elevation between the working section and the 
top of the pump; and the pressure regain in the 
diffuser resulting from the conversion of kinetic 
energy to potential energy. At high rates of flow, 
the pressure regain may be sufficient to prevent pump 
cavitation at the lowest working-section pressures. 
However, with a constant-speed Kaplan-type impeller, 
the static pressure necessary to prevent cavitation is 
almost the same at low as at high rates of flow. At 
low flows, the pressure regain is insufficient, and addi- 
tional elevation is needed, so that the tunnel circuit 
has to be vertical with the pump in the lower leg. 

The items discussed thus far were all that could be 
fixed without extensive investigation. An initial design 
was needed to select the size of the pump and driving 
system, to determine the dimensions of the building, 
to serve as a basis for estimating the cost, and to act 
as a guide for the investigations leading to the final 
design. In order to complete this initial design, 
estimates of the proportions of the other tunnel com- 
ponents had to be made. Therefore, the nozzle length, 
working-section length, diffuser angle and length, 
diameters of turns, vertical distance between working 
section and pump, dimensions of pump, length of 
settling section preceding nozzle, and dimensions of 
return circuit and last diffuser were tentatively fixed. 

After study of nozzle proportions in other tunnel 
designs, the nozzle length was chosen as 16 ft. A 
settling length is needed between the fourth turn and 
nozzle to damp out the disturbances caused by the turns, 
and to allow room for the installation of honeycombs 
or scteens, if required. This settling length was 
estimated at 1-5 times the settling-section diameter, or 
18 ft. From the expected length of models, with 
allowa~ 2 for upstream and downstream effects, the 
working-section length was chosen at four working- 
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section diameters, or 16 ft. Based on the experiments 
of A. H. Gibson* and other tunnel designers, the con- 
servative choice for the total diffuser angle was 5 deg. 
The diffuser length, the tunnel height, and the first-turn 
and second-turn diameters are controlled by the pump 
dimensions. The pump head was estimated from a 
rough analysis of the energy losses, and with this head, 
the pump size for peak efficiency was fixed, with the 
aid of standard charts, at 102 in. This fixed the 
diameter of the pump turn at about 9 ft., and the 
length of diffuser preceding the pump at about 57 ft. 

The cavitation characteristics of the pump were 
estimated from standard charts, and the necessary 
total vertical height was computed at 18 ft. The 
diameter of the first turn was thus about 8 ft., and the 
length of the first section of the diffuser was approxi- 
mately 46 ft. A gradual transition from the cylindrical 
working section to the conical diffuser added a few 
more feet to this length. These dimensions made it 
possible to fix the proportions of the initial tunnel 
design as shown in Fig. 1, on page 69. From this 
initial design, using published information on losses in 
tunnel components, the energy losses for the circuit 
were computed. At the maximum rate of flow of 
750 cub. ft. per second, the pump head was estimated 
at 13-7 ft. On the basis of a pump efficiency of 75 per 
cent., and a 10 per cent. factor of safety, the required 
motor power was about 1,750 h.p. As this is a standard 
size motor, and as such a motor has a considerable short- 
term overload capacity, the motor size was fixed at 
this value. 

The construction of a latge water tunnel is an 
undertaking of such magnitude and cost as to preclude 
a design based on incomplete or uncertain information. 
In the case of the initial water-tunne] design, the 
information on pumps, diffusers, nozzles, ana vaned 
elbows was so scanty as to make immediate choice of 
these items inadvisable, and to necessitate the under- 
taking of a research programme on the hydrodynamics 
of water-tunnel components. Although confirmation 
of the initial design could have been obtained from a 
geometric model, the results would not have yielded 
direct information on ways of improving this design. 
The actual research programme initiated was aimed at 
gaining fundamental information on the flow in tunnel 
components. It can be divided into three parts. 
The first is the library phase, in which a review is made 
of all available pertinent information; the second is 
the analytical phase, in which current theories are 
expanded, and new ones developed ; and the third is an 
experimental programme to establish and supplement 
the other phases. 

An approximate potential theory was developed for 
flow in three-dimensional gradual expansions and 
contractions. The theory of the turbulent boundary 
layers was analysed, and applied to the prediction of 
the growth of the boundary layer in the working section. 
All published theories on diffuser flow, and the action of 
turbulent boundary layers under the influence of 
adverse pressure gradients, were examined thoroughly, 
and some were extended. A new method of handling 
diffuser flow was developed. Finally, a method was 
developed for interpreting and extrapolating available 
pump cavitation curves, based on propeller cavitation. 

The Penn State Experimental Water Tunnel was 
built to study the flow in certain of the major tunnel 
components. This tunnel is located in the College 
hydraulics laboratory. Flow is provided by three 
centrifugal pumps with a maximum delivery of about 
10 cub. ft. per second. Water enters the tunnel 
through an 18-in. pipe from a 5-ft. diameter head tank. 
On leaving the tunnel, the water discharges into a flume, 
at the discharge end of which there is a 3-ft. rectangular 
suppressed weir to measure the rate of flow. The test 
sections, between the 18-in. steel pipe and the 12-in. 
steel return pipe, are aluminium castings with inside 
surfaces machined to tolerances of a few thousandths 
of an inch. The tunnel components tested in the 
experimental water tunnel included the nozzle, working 
section, transition, diffuser, and first turn. A complete 
circuit was not tested, because it was impossible to 
obtain a model pump in the time available, and because 
adequate information on pumps could be obtained 
without special tests. By dividing the test circuit into 
many small segments, many different configurations 
could be tested. Thus, several lengths of nozzles, 
various lengths of working section, and diffusers with 
three different angles were studied. With this flexible 
arrangement, the relationships of most of the major 
components could be investigated. 

The water-tunnel research programme was begun 
early in 1946, and was completed about a year and a 
half later. A potential theory method of designing 
three-dimensional nozzles and transitions was developed. 
Existing theories of turbulent boundary layer action 
were applied to the prediction of the characteristics of 
the flow in the working section. Although the difficult 
problem of predicting the flow in the diffuser was not 





* Proc. Roy. Soc. A., vol. 83 (1910); and Hydraulics 
and Its Applications. Constable (1930). 











completely solved, a satisfactory method for diffuser 
design was developed. The design for the first turn was 
completed from available information and was confirmed 
in the experimental tunnel. Some research was done on 
pump characteristics, and on minor tunnel components, 
such as slots and grooves, struts and fairings, and 
honeycombs and screens. In an investigation of the 
flow in hydrodynamic components, interest. centres on 
the velocity distributions in and near the components, 
and on the pressures along the bounding surfaces. 
Knowledge of the velocity distributions is important in 
determining the presence of incipient separation, and in 
predicting the nature of the flow in following sections. 
Surface pressures are important because they indicate 
cavitation susceptibility, and because they are needed 
for evaluating losses. 

One of the primary functions of a water tunnel is the 
study of cavitation on test bodies and propellers. 
Cavitation susceptibility is related to a dimensionless 
parameter known as the cavitation index. This index 
is defined as the ratio of the available static pressure 
(static pressure minus the critical pressure for cavitation 
inception) to the dynamic pressure of the relative 
velocity : 

Po — Per 
tp Vv? 
An object will cavitate if, at any point, the static 
pressure drops to the critical pressure. The aim 
of the designer is to prevent cavitation occurring 
elsewhere in the tunnel, before the cavitation index at 
the test object reaches a value necessary to simulate 
prototype conditions. Depending on the velocity and 
the specific design, the location in the tunnel at which 
cavitation first occurs may be either the entrance to 
the nozzle, the exit of the nozzle, the entrance to the 
diffuser, the first-turn vanes, or the pump blades. At 
high speeds, the entrance to the diffuser is most suscep- 
tible to cavitation. The working-section pressures 
are low, as the velocities there are the highest in the 
tunnel; and, because of frictional losses, the lowest 
working-section pressure occurs at the beginning of the 
diffuser. Fig. 2, on page 69, shows the variation 
in wall pressure in the vicinity of the working section. 
The change in flow direction at the diffuser entrance 
causes a pressure dip to occur at the walls. To mini- 
mise the cavitation susceptibility at this point, the 
transition from the cylindrical working section to the 
conical diffuser must be very gradual. A secondary 
reason for avoiding a sharp transition is that such a 
corner would have a detrimental effect on the velocity 
distribution, and might cause separation in the 

diffuser. 

In order to select a suitable curve for the transition 
section, an approximate potential solution for very 
gradual curves was developed, no simple exact solution 
being available for three-dimensional flow. This 
approximate solution, considered adequate for com- 
parison of curves, has the advantages of simplicity 
and ease of computation. That the solution is sufti- 
ciently accurate was shown by comparison with more 
exact potential-theory solutions and by experimental 
confirmation. Transition curves should have con- 
tinuous first and second derivatives. The first deriva- 
tive must be continuous to avoid separation, and 
potential theory shows that sudden jumps in pressure 
are associated with discontinuities in the second 
derivative. Although a simple cubic will give contin- 
uous second derivatives with the working section, it 
must be modified by higher-power terms in order to 
have also a continuous second derivative with the 
diffuser. The properties of each of a number of 
modified cubic functions were computed and compared 
in order to obtain the best function. This function 
was then checked experimentally by measuring transi- 
tion-curve pressures. 

A survey indicated that the available potential-flow 
solutions for nozzles are extremely complicated and 
that their basic assumptions are questionable. A 
complete flow solution is not needed, as difficulty is to 
be expected only in the entrance and exit portions. 
In particular, the contour of the exit portion must be 
such that it does not cause separation or other disturb- 
ances because of the immediate influence on the flow in 
the working section. Such effects are caused by the 
dip in wall pressure in this region. This dip, shown in 
Fig. 2, is a function of the wall curvature, and it can 
be reduced by decreasing the curvature and hence 
increasing the length of the exit portion. This cannot 
be extended without limit, however, as increased length 
of the exit portion results in increased energy losses, 
and produces a thicker boundary layer in the working 
section. The entrance portion of the nozzle, although 
not as critical as the exit portion, is important because 
a pressure rise in this region may cause disturbances 
in the working section. Wind-tunnel experimenters 
have shown that periodic fluctuations in velocity could 
be traced to intermittent separation in the entrance 
portion of the nozzle. As the conditions affecting the 
choice of the nozzle contour are essentially the same as 
those controlling the transition contour, the same type 
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of modified cubic curve was chosen. The nozzle 
research programme consisted primarily in applying 
the potential flow theory to the entrance and exit 
portions of the nozzle, and in the measurement of the 


wall pressures and exit-velocity distributions of five | 


nozzles to establish the validity of the conclusions. 

The working section, being the region in which 
tests are performed, must have flow that is as steady 
and uniform as possible. The frictional forces at the 
wall of the working section will create a boundary 
layer in which the velocity is reduced. Since the 
thickness of this boundary layer increases with distance 
from the nozzle, the usable area will decrease. The 
Prandtl-Karman boundary-layer theory was — 
to the computation of the boundary-layer thickness. 
This computation yielded the energy loss and pressure 
gradient in the working section, as well as the diffuser 
entrance conditions. Tests in the experimental water 
tunnel, consisting of wall pressure measurements and 
velocity traverses, verified the calculations. 

Although the diffuser does not directly affect the 
flow in the working section, it is a critical tunnel 
component, since its function is to decelerate the high- 
velocity jet without excessive energy loss and without 
causing poor flow in the remainder of the circuit. Too 
large an angle of diffusion may result in reversal of the 
flow near the walls (separation), and consequent 
high energy loss, while too small an angle would result 
in a very long diffuser and excessive cost of structure 
and building. The prediction of flow in diffusers has 
long been a major unsolved problem of fluid mechanics. 
Although a large number of reports on diffuser flow 
were studied and analysed, no satisfactory method for 
tackling this problem was found. Attempts were 
made to improve some of the existing theories ; but, 
although some progress was made, no complete theory 
resulted. An extensive series of experiments was 
conducted to determine the effects of entrance condi- 
tions and angle of diffusion on the flow at various 
distances from the entrance. These experiments 
indicated that the action of the diffuser on the nearly 
uniform flow from the working section is to increase 
the rate of growth of the boundary layer, and to change 
the form of the velocity distribution, while lowering 
the velocity of the uniform central core. This action 
is illustrated in Fig. 3, on page 69, in which the 
velocity and pressure changes for a typical diffuser 
are shown. It was found that the most important 
factor influencing the velocity distribution is the 
pressure regain, or the relative increase in the cross- 
sectional area. Of less importance are the initial 
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boundary-layer thickness and the diffuser angle. 
Mitre turns with guide vanes were chosen for the 
water-tunnel circuit, since they produce the desired 
change in the water direction with as little flow disturb- 
ance as possible. Sufficient published information 
was found to enable a tentative vane design to be 
chosen. Tests in the experimental water tunnel on 
an 18-vane turn, simulating the water-tunnel first 
turn, verified this design, and indicated that the bend 
head loss was about 15 per cent. of the velocity head, 
that the turn was safe from cavitation, and that the 
direction of the flow leaving the turn required a slight 
angular aajustment of the vanes. A detailed report 
on the entire vaned-turn design programme has been 
issued.* 

The research programme on minor components 
consisted almost entirely of a study of the literature 
on honeycombs and screens, fairing shapes, and the 
flow past grooves. It was found that honeycombs are 
effective in reducing rotational motions, while multiple 
screens are very effective in reducing turbulence ahead 
of the nozzle. Adequate information is available to 
permit choice of strut and fairing shapes having low 
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* “Water Tunnel Vaned-Turn Studies,’ Ordnance 
Research Laboratory Report, September, 1947. 
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drag and least susceptibility to cavitation. As only 
meagre information was found on flow past slots and 
grooves, such as may occur at joints and openings, 
an experimental investigation is being made of this 
subject. 

The considerations involved in the initial tunnel 
design fixed the working-section diameter and maxi- 
mum velocity, the cross-section shape, the nozzle-area 
contraction ratio, the type of turns, the impeller type 
and location, and the driving power. In order to com- 
plete the design, research was conducted on nozzles, 
diffusers, vaned turns and pumps. This led to the 
final design, completed in July, 1947, and shown in 
Fig. 4, on this page. As may be seen by comparison 
with Fig. 1, this design is more compact than the 
conservative initial design, reducing the overall 
length by 24 ft. and the height by 5ft. The final choice 
of tunnel dimensions was influenced to a large extent 
by the type of drive, since this governed the pump 
diameter and the minimum height of the vertical diffuser 
leg. For a given head and discharge, there is a range 
of pump diameters over which the efficiency is essenti- 
ally constant. and cavitation considerations control 
the final choice. If a fixed-speed motor is used to 
drive the impeller, pump cavitation is a serious problem ; 
a large pump diameter must be chosen to reduce this 
susceptibility. If, on the other hand, a variable-speed 
drive is used, then it is not so difficult to avoid cavita- 
tion, and a smaller impeller can be used. 

Although a variable-speed drive results in a more 
useful tunnel, tunnels for both types of drive were 
designed, so that a comparison of over-all costs could be 
made. A four-bladed impeller to give a discharge of 
750 cub. ft. per second, at a head of 13 ft., has nearly 
optimum efficiency over a range of diameters between 
95 in. and 105in. The 105-in. pump, having a speed of 
135 revolutions per minute (specific speed of 12,200), 
must be chosen for the fixed-speed drive. For the 
variable-speed arive the 95-in. pump, having a speed of 
167 r.p.m. (specific speed of 15,100), can be chosen. 
As the static pressure at the pump necessary to avoid 
cavitation varies with the impeller-tip speed, the critical 
tunnel speed for the large pump is at low flows, while 
that for the smaller pump is at maximum flow. The 








72 


static pressure at the pump is equal to the pressure in 
the working section plus the pressure regain in the 
diffuser (about 70 per cent. of the test section velocity 
head) minus the bend losses and plus the static pressure 
resulting from the difference in elevation between the 
working section and the top of the impeller. For the 
105-in. pump, an absolute static pressure of 37 ft. of 
water is required to avoid cavitation. With the 
minimum working section pressure of 6 ft.,a 20-ft. 
difference in elevation is necessary to avoid cavitation 
at 30 ft. per second. For the 95-in. pump, a height of 
only 7 ft. is adequate. 

Based on the two pump sizes, and the necessary 
vertical heights, two tunnels were designed. These 
tunnels differed in length by 4 ft., in height by 5 ft., and 
in pump diameter by 10 in. Through savings in the 
cost of tunnel shell, pump, and tunnel building, the cost 
of the variable- drive tunnel was appreciably less 
than that of the fixed-speed drive tunnel, despite the 
additional cost of the variable-speed drive. Thus, the 
final choice was a 95-in. diameter impeller, driven by a 
variable-speed motor having a maximum speed of 
170 r.p.m. and a speed range of at least 2: 1. 

Based on the experiments and the diffuser-flow 
analysis, the choice of diffuser angle could be made, 
once the pump diameter was known. With the 95-in. 
pump, the diameter of the pump turn is about 98 in., 
giving a diffuser area ratio of 4-2: 1. For a reasonably 
good velocity distribution at this turn, the necessary 
angle of diffusion was found to be close to 7 deg. 
This value was therefore selected. 

The length of the 7-deg. diffuser between the 48-in. 
and 98-in. sections is about 34 ft. This diffuser is 
divided into horizontal and vertical portions, which are 
separated by the first turn. The location of this turn 
in the diffuser is not critical ; however, if the turn is too 
small, the velocity will be high and the pressure regain 
small, so that the vanes will be subject to cavitation. 
A small turn will also have excessive losses, because the 
energy loss is proportional to the turn velocity head. 
A tunnel having a short horizontal diffuser must of 
necessity have a long vertical leg, which would require a 
very tall structure to house it. On the other hand, a 
large turn diameter, though reducing the energy loss and 
cavitation susceptibility, would make the tunnel very 
long, and perhaps so low as to cause pump cavitation. 
Consideration of all these factors, plus such items as 
building proportions and cost and the desirability of 
having s between the horizontal sections, resulted 
in the selection of a 7-ft. vertical diffuser. This fixed 
the diameter of the first turn at 88 in., and made the 
horizontal diffuser about 27 ft. long. A check on pump 
cavitation and first-turn cavitation and losses showed 
this design to have adequate factors of safety. 

In order to complete the tunnel design, the exact 
lengths of the working section, nozzle, settling section 
ahead of nozzle, and transition section had to be chosen. 
The contours of the transition and the nozzle and the 
details of the turns were also required. The minimum 
length of the working section is equal to the maximum 
expected length of models, namely, 8 ft. However, 
some space should be allowed ahead of the model, and 
room should be left behind it for wake surveys, necessita- 
ting an additional length of approximately two-thirds 
of the model, a total length of almost 14 ft. Although 
it would be desirable to have a longer working section 
to permit studying boundary-layer growth, and to 
allow the introduction of turbulence-producing grids 
ahead of the model, this did not seem feasible, because 
the additional length would increase the cavitation 
index of the tunnel, increase the circuit losses, and 
adversely affect the flow in the diffuser. Therefore, the 
minimum acceptable length of 14 ft. was chosen. 
Consideration was given to the possibility of making the 
working section slightly conical. A cylindrical working 
section has a pressure gradient due to wall frictional 
effects, which introduces spurious drag forces and causes 
secondary interference effects. By making the working 
section slightly conical, this pressure gradient could be 
eliminated for given conditions of operation. This, 
however, would yield a zero pressure gradient only for a 
small range of test conditions, so it was not feasible for 
this type of tunnel. 

From the point of view of cavitation, the transition 
section between the working section and diffuser is 
the most critical portion of the water-tunnel circuit. 
The modified cubic equation used for this section is : 


a 7ey gare (-()) 


D 2D 
where d is the diameter at x, D is the initial diameter, 
L is the length of the transition, and 9 is the total angle 
of the diffuser. The cavitation susceptibility of a 
transition curve decreases with increase in length ; 
however, the transition should not be too long, as this 
would cause excessive frictional loss. A length of one 
and a half diameters (6 ft.) was sufficient to ensure 
good cavitation characteristics. This actually adas 
only 3 ft. to the tunnel length, because the transition 


(2) 
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includes an expansion to 4-37 ft., thus reducing the 
diffuser length by about 3 ft. 

The nozzle is maae up of two transition curves formed 
from equation (2). The significance of the pressure rise 
at the entrance, and the pressure dip at the exit of the 
nozzle, has been indicated. As the nozzle exit is the 
more critical, it was thought that the magnitude of the 
downstream pressure dip, relative to the local velocity 
head, should be one-third to one-fourth as large as the 
upstream pressure rise in terms of its local velocity head. 
To achieve this ratio, the entrance portion should be 
about 60 per cent. of the length of the nozzle. The 
length of the nozzle is then uniquely determined by the 
maximum slope of the contour. A slope of 0-4 gives 
values of about 2 per cent. exit dip, 7 per cent. entrance 
rise, and a length of 20 ft. A 2 per cent. dip is about 
the most that can be tolerated; and, as making the 
nozzle much longer would increase the losses and the 
cost, the length of 20 ft. was chosen. Fig. 5, on page 71 
shows the final nozzle contour, and the values of z and r 
are given in Table I. 








TABLE I. 

z, Ft. r, Ft. 
0 6-000 
2 5-981 
+ 5-861 
6 5-563 
8 5-059 

10 4°382 
12 8-600 
14 2-810 
16 2-291 
18 2-038 
20 2-000 








A settling section is needed between the fourth turn 
and the nozzle, to dissipate the disturbances and 
turbulence from the vanes. Assuming that turbulence 
behind vanes dies out as that behind honeycombs or 
grids, a length of one diameter, or 12 ft. would be 
required to reduce the root-mean-square turbulence 
velocities to 3 per cent. of the mean velocity. This 
turbulence content can probably be tolerated, so a 
settling length of 11 ft. was chosen. If, after the 
tunnel is completed, the turbulence in the working 
section is found to be too high, then honeycombs or 
screens may be introduced near the beginning of the 
settling section. 

The vane contour which was studied and found to be 
satisfactory was a slight modification of one recom- 
mended by Kelin, Tupper, and Green.* A large number 
of vanes is desirable to give a uniform flow ; however, if 
too many vanes are used, there is a danger of structural 
failure, and the costs would be excessive. Twenty 
vanes seemed a reasonable number, particularly as this 
is a common number for wind-tunnel turns. The gap- 
to-chord ratio of the vanes affects the losses and the 
cavitation susceptibility of the turn. From the point 
of view of efficiency, Kelin, Tupper, and Green found a 
gap-to-chord ratio of about 0-375 to be optimum. The 
pressure distributions measured on experimental vanes 
having this gap-to-chord ratio indicated that this choice 
was amply safe from cavitation. Therefore, the 88-in. 
first turn has 20 vanes of 12-in. chord, and the 144-in. 
third and fourth turns have 20 vanes of 20-in. chord. 
In order to economise, it was decided to use the same 
vanes in the second turn as in one of the other turns. 
This turn is not critical, so to simplify the flow com- 
plications brought about by the pump-shaft fairing, the 
larger vanes were chosen. The experiments indicated 
that when set at zero angle of attack, the vanes turned 
the flow through only about 84 deg. An angle of 
attack of plus one degree was chosen to give a full 
90-deg. change of direction. The arrangement of the 
vanes in the first turn is shown in Fig 6, on page 71. 

The second turn differs from the other turns in 
that the impeller-drive shaft passes through it. The 
disturbance caused by the 2-ft. diameter cylindrical 
shaft casing could more than double the turn loss, so 
that a streamlined fairing was necessary. The design 
of the fairing, shown in Figs. 7, 8 and 9, on page 71, 
was based on the contour of a N.A.C.A. series 6 aerofoil. 
Although this fairing should have comparatively low 
drag, there will be some asymmetry produced in the 
flow approaching the impeller, which could produce 
serious pulsations in the flow. To reduce this asym- 
metry, the impeller has been located as far from the 
turn as possible without necessitating additional shaft 
bearings. 

The final item in the water-tunnel hydrodynamic 
design was the diffuser between the pump and the third 
turn. The angle of this diffuser is not critical and was 
fixed at 8 deg. The diffuser was located about half a 
diameter from the third turn, to allow the flow to 
straighten out somewhat before the turn, and to 
reduce the length of the more costly 12-ft. pipe. 

The determination of dimensional tolerance and 





* Canadian Journal of Research, vol. 3, page 272 
(1930). 
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surface finishes was included in the hydrodynamic 
design. Fixing of the tolerances included both the 
choice of the allowable variation in dimensions and the 
limits of surface waviness. As the effects of surface 
deviations depend very much on location, the tunnel 
was divided into regions of different tolerances. The 
most critical sections are the ones in which high velocities 
occur; that is, the exit portion of the nozzle, the 
working section, and the transition section. From 
— with the experimental water tunnel, the 
tolerances were set at +0-025 in. From calculations 
on the effect of small curvatures in producing pressure 
dips, the waviness criteria for these three sections was 
established at 0-050 in. in 10 in., and 0-005 in. in 2 in, 

Experimental data on flow in smooth and rough 
pipes indicate that the height of protuberances must 
not exceed one-tenth to one-twentieth of the thickness 
of the laminar sublayer, if the surface is to be hydraulic- 
~ smooth. At the maximum velocity, the laminar 
sublayer has a thickness of about 0-001 in. The 
surface finish for the three critical sections was thus 
fixed at 40 root-mean-square micro-inches (National 
Aircraft Standard No. 30). The tolerances and surface 
roughness for the first portion of the nozzle were made 
about twice as great. 

In order to ensure the achievement of the desired 
operating characteristics, the hydrodynamic design was 
based on conservative values for the performance of the 
various components. The actual operating characteris- 
tics of the tunnel therefore should be somewhat better 
than design values. In order to predict the probable 
performance of the tunnel, the expected energy ratio, 
maximum velocity, and the tunnel critical cavitation 
index were estimated. Prediction of the energy ratio 
involves estimation of the losses in the components. 
The frictional losses in the high-speed sections can be 
computed as equivalent to the loss in the entrance 
region of a straight pipe having an effective length equal 
to that of the working section plus half of the transition, 
and plus the effective length of the nozzle, which 
experimental results indicate to be about one diameter. 
Using the resultant effective straight pipe length of 21 ft., 
the pressure-head loss is computed to be 0-075 working- 
section velocity heads for a working-section Reynolds 
number of 2 x 107 (near maximum velocity). The 
diffuser-flow analysis determined the diffuser pressure 
loss to be 0-085 velocity heads. The pressure loss in 
the turns was found to be 15 per cent. of the local 
velocity head, therefore the first-turn loss is 0-014, the 
second-turn loss is 0-009, and the third-turn and 
fourth-turn losses are 0-005, all in terms of working- 
section velocity head. The pump-shaft fairing loss in 
the second turn is 0-001, so that the total turn losses are 
0-028 velocity heads. The losses in all the remaining 
straight sections are estimated as ordinary pipe losses, 
and are equal to 0-002 working-section velocity heads. 
The total loss is thus 0-19 working-section velocity 
heads ; this figure does not include the effect of models, 
or of honeycombs and screens if these are employed 
The energy ratio is the ratio of the kinetic energy of the 
jet to the electrical energy input to the driving motor, so 
that the pump and motor efficiencies must be included. 
At the design point, the pump efficiency is estimated to 
be about 78 per cent., while the motor manufacturer has 
estimated a full-load efficiency of about 92 per cent. 
The resultant energy ratio is 3-8, which is a fairly high 
value. 

The maximum working-section velocity is obtained 
from the maximum motor output power, the pump 
efficiency, and the tunnel loss coefficient. The 1,750 
h.p. motor can deliver over 2,000 h.p. for perioas long 
enough for testing. This should produce a jet horse- 
— of 8,300, and a speed of 72 ft. per second (42 

ots), somewhat in excess of the original design value. 

The critical tunnel cavitation index is a function of 
tunnel speed. This index is defined as the ratio of the 
available static pressure at the model to the dynamic 
pressure at the inception of cavitation somewhere in the 
tunnel. This working-section cavitation index can be 
calculated by determining the difference between the 
static pressure at the point where cavitation first occurs 
and the pressure at the model, which is taken to be at 
the centre of the working section. At low tunnel 
speeds, cavitation will occur first at the top of the nozzle 
entrance, because of elevation differences; while, at 
high tunnel speeds, the lowest pressure point will be in 
the transition section between the working-section and 
diffuser. Fig. 10, on page 71, shows the estimated 
critical cavitation index of the tunnel as a function of 
speed. As the operating cavitation index of a 75-knot 
projectile would be about 0-12, this tunnel should be 
suitable for tests on such a projectile, if tunnel speeds 
of at least 25 knots are used. 





BAND GRINDING MACHINES.—We are asked by Messrs. 
George Cohen, Sons and Company, Limited, to point out 
that the word “‘ Linisher ” and the description ‘‘ Linish- 
ing ’”’ are protected terms applicable only to machines 
manufactured by Messrs. Turner Machine Tools, Limited. 
Other machines of this type should be described by such 
@ term as “‘ band grinding machine,” 
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TESTING CIRCULAR 
DIVISION WITH PRECISION 
POLYGONS.* 

By C. O. TayLerson, M.B.E. 


IN recent years there has been a considerable 
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sinusoidal error of 12 sec. in the readings. To| with such a polygon is illustrated in Fig. 3. The 
| determine whether one of these tables has a sinu-| polygon is lightly clamped to the table in a 
| soidal error it is sufficient to check the accuracy of | reasonably central position and the micrometric- 
| its readings at about a dozen positions distributed | autocollimator seen on the left is arranged so that, 
round the circle. This could be done by fixing a| when the dividing table is set to read zero exactly, 
| standard circular scale of known accuracy on the | the reflected image of.the illuminated fixed vertical 
|table and comparing readings of the latter with | cross-wire of the collimator from one of the polygon 
those taken on the scale as the two are rotated | faces is visible in the eyepiece. The lateral position 





increase in the use of precision angular measuring | together. Two fixed micrometer microscopes would | of the image in the eyepiece is measured and re- 
instruments in engineering practice. This has been | have to be used for viewing the standard scale at | corded by means of a micrometrically-controlled 
particularly noticeable in the type of instrument | diametrically opposite positions in order to eliminate | pair of parallel cross-wires which is adjusted to 


where angles are read directly on a circular glass | from the results any Jack of concentricity of the |embrace the image symmetrically. 


scale incorporated in the instrument. An example 
of such an instrument, known as an optical rotary 
dividing table, is illustrated in Fig. 1. It has a 
horizontal rotatable worktable, the angular position 
of which can be read through a microscope enclosed 
in the base and focused on a circular glass scale 
attached truly concentrically to the lower part of 


The micro- 
standard scale with the rotational axis of the table. | meter drum of the instrument is graduated to read 
The accuracy of the results derived by this method | directly to 0-5 sec. of are and readings to 0-1 sec. 
would clearly depend upon a prior knowledge of | can be obtained by estimation. 
any errors in the standard scale used ; it would also| Having obtained a reading of the autocollimator 
call for two microscope readings at each point of | corresponding to the zero reading of the table, the 
comparison between the table and the scale. | latter is rotated until it reads exactly 30 deg. on 
The polygon method described below was devised | its glass scale. A second reading of the auto- 
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ARRANGEMENT FOR TESTING DivipInG TABLE. 


collimator is then taken, its cross-wire image on 
this occasion being formed by reflection from the 
adjacent face on the polygon. The difference 
between the two autocollimator readings in seconds 
is the difference between the actual angle turned 
through by the table when its reading is changed 
| from zero to 30 deg. and the angle between the two 
| particular faces of the polygon. By continuing 
this process at 30 deg. intervals throughout one 
|turn of the table, it is possible to determine any 
| errors in its readings at those positions in terms of 
| the known angles between the faces of the polygon. 
| From what has already been said it will be appre- 


|ciated that the autocollimator is an important 
| adjunct to the method under review. The principle 
of this instrument is shown diagrammatically in 
| Fig. 4, page 74. It consists essentially of a micro- 
meter microscope and a collimating lens, with an illu- 
| minated crosswire placed between them in the focal 
| plane of the lens. Image-forming rays of the cross- 
wire are returned by a reflecting surface, suitably 
placed in the optical path, and brought to a focus 
in the plane containing the crosswire. A small 
angular movement of the reflecting surface will give 
rise to a change in the position of the crosswire 








the table inside the base. The scale has numbered | in the Metrology Division of the N.P.L., and is | image equal to 26@ multiplied by the focal length of 


one-degree divisions throughout the circle, and | advantageous from both these points of view; the 
intervals between these graduations are read/| polygons themselves can be accurately calibrated 
directly against a graticule in the microscope which | by comparatively simple means, as will be explained 
covers a range of one degree in intervals of 4 minute. | later, and they require only one optical micrometer 


By estimation, table settings can be made to 0-1 of 
a minute. 

The glass scales inside these instruments are 
usually graduated to an accuracy of a few seconds, 
and experience at the N.P.L. has shown that errors 
in the readings of such instruments are usually of a 
sinusoidal nature and arise from the inherent 
difficulty in mounting the circular scale truly 
concentric with the axis of rotation of the table. 
For example, an eccentricity of only 0-0001 in. in 
mounting a scale 6 in. in diameter gives rise to a 


* This article describes work which forms part of the 
research programme of the National Physical Laboratory, 
and is published by permission of the Director, 


| reading at each point of comparison with the table 


readings. A polygon of the type used in this 
method is shown in Fig. 2. It is a hardened steel 
disc about ~ in. thick and 3 in. across, having 
12 peripheral reflecting faces finished by lapping 
so as to be accurately flat, square to the top and 


the collimating lens. This displacement of the 
image is measured with the micrometer microscope, 
the drum of which is graduated to read 6 directly 
in half-seconds of arc. 

The precision polygons used at the N.P.L. are 
made of case-hardened steel, subjected to the usual 
heat treatment for dimensional stabilisation. Their 
upper and lower surfaces are flat and parallel to 
0-0001 in. The peripheral reflecting faces are 
rendered flat to within 0-000005 in. and square with 


bottom faces and inclined successively at angles | the upper and lower surfaces to within 0-0001 in. 
which approximate more or less closely to 30 deg.,| over their depth. They are finished by lapping 
according to the precision of manufacture. Pro-|and are brought to a high polish. No particular 
vided the angles do not depart from 30 deg. by} care is taken in their manufacture to render the 
more than about 10 sec.’ and their values are | polygons truly regular, that is, with the sides and 
accurately known, the polygon adequately serves | angles exactly equal. Reasonable care enables the 
its purpose. The holes through the disc are for | angles to be made uniform to within 10 seconds of 
mounting purposes. arc; attention is mainly concentrated in attaining 

The arrangement for testing a dividing table | the maximum accuracy in the flatness and square- 
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TESTING CIRCULAR DIVISION BY PRECISION POLYGONS. 


Fig.4. 
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ness of the faces. These polygons may also be 
constructed of glass, but if this material is used it 
is best to increase the reflecting power of the peri- 
pheral faces by aluminising or other means. 

The angles between the faces of such polygons 
can be determined accurately by a method very 
similar to that used for testing the uniformity of 
linearly divided scales by passing them step by step 
under a pair of micrometer microscopes, which 
enable the length of every interval on the scale to 
be compared with every other. In one method of 
calibrating a polygon two autocollimators are used. 
The polygon to be calibrated is set up reasonably 
centrally on the top of a turntable which can be 
rotated accurately in its own plane. The two auto- 
collimators are directed towards the axis of the 
table and fixed at such an angle that they receive 
reflected images from adjacent faces of the polygon, 
as in Fig. 5, which shows a hexagonal polygon for 
simplicity. Having taken readings on one pair 
of faces, the table and polygon are turned through 
60 deg. so as to bring the next pair into view for 
reading, and so on until the circuit of the polygon 
has been completed. The difference d, between the 
autocollimator readings obtained on any pair of 
the faces is a measure of the difference between 
the external angle a, of these faces and the angle A 
between the autocollimators as indicated in Fig. 5. 





Thus, 
a,-A-=d, 
Similarly, 
a,—-A=d, 
a,-—-A=d, 
a,-A=%, 
a,—-A-=d, 
a,-A=a, 
Adding, 
360 deg. — 6A = Dd 
. A = 60 deg. -33¥d 
a, = 60 deg. — Dd +d, 
Whence, 


a, = 60 deg. —-4 Od +d, 


a, = 60 deg. — 3 Dd + a. 





Increased accuracy in the measurement of the 
angles between the faces can be obtained by taking 
additional readings with the two autocollimators 
separated by 120 deg. and then by 180 deg. and 
combining the results with those obtained at the 
60 deg. separation. This method of calibrating 
with two autocollimators can be applied to polygons 
with any number of sides. The accuracy obtainable 
depends upon the flatness and truth of the polygon 
faces and the sensitivity of the autocollimators 
used. If two polygons having the same number of 
sides are available, it is possible to calibrate them 
both at the same time by a method requiring only 
one autocollimator. The two polygons are placed 
on a turntable, one on top of the other, with their 
faces lined-up reasonably closely, as in Fig. 6. 
The height of the autocollimator is arranged so that 
it can receive reflections from the faces of either 
the upper or lower polygons. The turntable is 
rotated so as to bring one face of each polygon 
opposite the autocollimator and after shielding one 
of them a reading is taken on the other, and vice 
versa. The table is then rotated to bring the 
next pair of faces into view and a similar pair of 
readings is taken on them, the process being con- 
tinued all the way round the polygons. 

Referring to Fig. 7, A B, BC represent adjacent 
faces of one polygon and LM, MN those of the 
other. (These two pairs of faces are shown dis- 
placed both laterally and angularly for clarity). 
The angles d, and d, between the corresponding 
pairs of faces on the two polygons which are obtained 
from the autocollimator readings on these faces are 
related to the angles a, and b, between the adjacent 
pairs of faces on the individual polygons by the 
equation : 

a, — b, = d, — dy. 

The readings taken on the faces of the two poly- 
gons thus provide a means of comparing those angles 
of the polygons which stand one above the other. 
To obtain a complete calibration of all the angles 
on both polygons it would suffice if all the angles 
of one polygon were compared with only one angle 
of the other and all the angles of the latter with 
only one angle of the former. What is actually 
done is to compare every angle of one polygon with 
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' 
every angle of the other by taking a succession of 
readings round them, as described above, the two 
polygons being turned relatively to each other by 
one angular space between each circuit of readings 
until they have occupied every possible relative 
angular position. This method of calibration is 
capable of an accuracy of the order of 0-25 second, 
due to the large number of readings involved. It 
suffers from the disadvantage that two similar 
polygons are necessary for its application. It 
should be noted that this method provides a very 
ready means of calibrating a polygon by direct 
comparison of its angles with those of another 
polygon with the same number of sides and with 
angles of known values. The results can be derived 
directly from pairs of readings taken on the polygon 
faces situated one above the other during one 
revolution of the turntable. 

It was mentioned earlier that it is usually sufficient 
to test circularly-divided instruments at about 
12 positions round the circle. There may be 
occasions, however, when it is required to check 
the readings at closer intervals. This can be done 
by using in succession two or more polygons differing 
in the number of sides. For example, tests can be 
made at 5 deg. intervals by using two polygons 
having 8 and 9 sides, respectively. The nine-sided 
polygon is used first and comparisons are made 
at 40-deg. intervals round the circle starting first 
at 0 deg. then at 5 deg., 10 deg., and so on, up to 
35 deg., making eight circuits in all. The 8-sided 
polygon is then used to link all the 5 deg. points 
thus observed with the zero by taking observations 
over One circuit at 0 deg., 45 deg., 90 deg. and so on, 
up to 315 deg. For calibrating an instrument at 1 
deg. intervals, a similar, though necessarily more 
lengthy process, is employed. Three polygons having 
nine, eight and five sides are required. The 9-sided 
polygon is used first and comparisons are made at 
40-deg. intervals round the circle, commencing 
first at 0 deg., then at 1 deg., 2 deg., 3 deg., and so 
on, up to 39 deg., making 40 circuits in all. Then 
the eight-sided polygon is used over one circuit 
commencing at 0 deg. Finally, the five-sided poly- 
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on teuil first commencing at 0 deg., then at deg. be 
10 deg., 15 deg., and so on, up to 35 deg., making 
eight circuits with this polygon. By combining all 
these results every degree interval can be related to 
zero. The total number of circuits for this one 
degree calibration amounts to 49. It is, of course, 
possible to complete a calibration at 1-deg. intervals 
by using the same three polygons in a different 
combination. 

The calibration of the microscope graticule used 
has still to be considered. Clearly, the polygon 
method is not suitable for such small intervals. 
To meet this need a small angle-tester, illustrated in 
Fig. 8, opposite, was designed by the late Dr. Tomlin- 
son. It consists of a steel block A to which is hinged a 
plate B by means of flexible steel crossed strips. 
This hinged plate is actuated, through a ball- 
contact D by a micrometer head E. The distance 
from the hinge to the ball-contact is 3-44 in., so 
that a displacement of 0-001 in. of the contact D 
causes the hinged plate to tilt through 1 minute of 
arc. The surface C of the hinge has an optically 
flat finish and is used as a mirror for reflecting 
the crosswire image of an autocollimator. In use, 
this angle-tester is placed so that the reflecting sur- 
face C on the hinged plate is approximately in the 
centre of the rotating face of the instrument under 
examination. The block A is then clamped in 
position by the holes provided for this purpose. 
An auto-collimator is placed so as to receive a 
reflection back from the face C of the hinge. By 
this means it is possible to check small intervals 
on the graticule scale against known angular settings 
of the hinged plate. By setting the micrometer 
head graduations line to line, it is possible to control 
the hinge to within 0-00002 in.; thus, the small 
angle-tester is capable of an accuracy of the 
order of 1 second of arc. 
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Frequency Modulation Engineering. By CHRISTOPHER E. 
Tipps. Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 28s. net.) 

THE techniques of frequency modulation have been 

developed very rapidly in recent years, chiefly in the 

United States, and many British radio engineers 

will be meeting them now for the first time as a 

result of the increasing use of frequency modulation 

for special purposes such as facsimile picture trans- 
mission, as well as for the British Broadcasting 

Corporation’s proposed high-fidelity broadcasting 

service. This text-book, giving an up-to-date 

account of these techniques, is therefore timely and 
welcome. The author does not aim to give a com- 
plete theoretical treatment of the problems and 
principles involved, but he does develop most of the 
basic expressions required in the design of frequency- 
modulation systems. The underlying ideas are 
difficult to grasp in many cases, and the treatment 
given will sometimes be found insufficiently thorough 
and ‘‘ broken down ” for non-mathematical readers, 
while unlikely to be rigorous enough for the others. 

On the other hand, the expressions and formule 

derived are clearly set out, often with the help of 

graphs showing the inter-relation of the important 
variables, and there are ample references—nearly 

150 of them—to enable fuller theoretical expositions 

to be found if required. 

The second chapter—the first is an introduction— 
deals with the production of sidebands by frequency 
or phase modulation (the difference between these 
two being quite well demonstrated), and the use of 
Bessel functions in calculating sideband amplitudes 
is made easy by a useful series of tables and graphs. 
Chapters 3 and 4 describe the various types of inter- 
ference encountered in reception, showing how they 
produce unwanted modulation and their effect on 
amplitude-modulation and frequency-modulation 
receivers. The concept of ‘‘ equivalent modulation 
depth” is left rather vague, but the author’s approach 
to the comparison of amplitude modulation and 
frequency modulation is very sound, showing the 
reduction in interference which can be obtained by 
using the latter, and also how this advantage 
may easily be thrown away. Chapters 5 and 6, 
entitled ‘‘ Frequency Modulation Propagation ” 
and ‘‘ Aerials,” respectively, deal with fading, 





ignition interference, aerial design, etc., at the ultra- 
short wavelengths used for frequency modulation. 

Three chapters, amounting to about one-third of 
the book, are devoted to descriptions of the circuits 
peculiar to frequency-modulation equipment, cover- 
ing frequency modulators, limiters, discriminators, 
and the special problems associated with wide band- 
widths. Much useful practical information is given, 
including complete circuit diagrams of a typical 
frequency-modulation transmitter and receiver, with 
brief explanatory notes. The book concludes with a 
short, but valuable, chapter on the instruments and 
methods used in measuring the performance of 
frequency-modulation equipment, and another 
detailing the main uses of frequency modulation, 
apart from high-fidelity broadcasting. 

The arrangement of the book is logical, though it 
might have been preferable to have used the decimal 
system in numbering the sections and to have ad- 
hered to B.S.I. recommendations as to symbols. 
The number of misprints is larger than might be 
expected in a work of this kind, though none ob- 
served was likely to confuse the careful reader ; 
but the apparently casual interchange, on page 9, of 
sine and cosine is another matter. These, however, 
are minor blemishes ; the book is easy to read and 
well documented, with much useful data presented 
in tables and graphs. It can be recommended to the 
radio engineer studying frequency modulation for the 
first time, or desiring a handy text-book for reference 
to formule and data. 


IUustrated Jig-Tooling Dictionary. By ToRGER G. 
THOMPSON and Ross A. PETERSON. The Macmillan 
Company, 60/62, Fifth-avenue, New York 11, U.S.A. 
[Price 7-50 dols.]; Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 37s. 6d. 
net.) 


THE main body of this “dictionary ” consists of 
some 1,000 or more entries, each comprising & 
perspective drawing about 2 in. square accompanied 
by @ few lines of letterpress. The idea seems at 
first sight to be a good one, but a careful perusal of 
the way in which it has been worked out raises 
doubts whether it will be much help to toolmakers 
and designers. A large proportion of the entries 
prove to be common terms which every student 
understands, such as clamp, centimetre, co-ordinates, 
counterweights, etc., and in such cases the illustra- 
tion is either superfluous or has a purely arbitrary 


‘significance, while a couple of sentences of letterpress 


can hardly be expected to cover the subject 
adequately in other cases. Many of the more compli- 
cated instruments used in tool engineering, however, 
do not appear at all. No entry will be found-under 
the headings of “‘ comparator ” or “‘ profile gauge,” 
though a common pair of dividers is illustrated, in 
addition to two entries, under “calipers”; neither 
does the measurement of surface finish appear. 

A preponderance of interest in aircraft manufacture 

and shipbuilding is in evidence; there are even 

illjstrations and entries under the headings “ 

side” and “starboard side.” These terms, a 

any rate, are adequately defined, but of what 

possible use, even to the veriest beginner, can be a 

postage-stamp illustration and three sentences on 

such a subject as “‘ gear cutting ” ? 

Nearly one-third of this expensive book is taken 
up with trigonometrical tables, reprints of American 
standards and elementary mathematical memoranda 
which the English student probably possesses 
already or has little use for. There is plenty 
of room for books on modern engineering tech- 
nique which do not take for granted that the 
reader is already familiar with the subject, but this 
book goes to the other extreme. In view of its 
price, it is not unreasonable to suggest that it should 
contain a much higher proportion of new and really 
informative material. 

Timber: Its Structure and Properties. By H. E. DESCB, 
B.Se., M.A., D.Phil., F.S.I. Second edition. Mac- 
millan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 18s. net.] 

AurHovuGEH this is the second edition of a book first 

published ten years ago it has a pungent freshness, 

both of style and presentation, that sorts well 
with the aromatic scent of a woodworking shop and 
reflects the greater credit on an author who started 





to revise his book amid the depressing surroundings 
ofa P.O.W.camp. The end of hostilities found him, 
like other students of wood technology, astonished 
at the wartime applications of timber and its pro- 
ducts, and at the extent of new knowledge due to 
intensive scientific research, The new text, 
therefore, represents a considerable enlargement, 
for which the author has gone to authoritative 
sources of original information, notably the Forest 
Products Research Laboratory, the Timber Develop- 
ment Association, and the Department of Forestry, 
at Oxford. Combined with the author's own 
erudition in a subject of which he evidently has a 
great liking, as well as an intimate practical and 
theoretical acquaintance, these selections from a 
varied, often severely scientific, literature enhance 
the solid substance of the book without detracting 
from its enjoyably readable qualities. 

Selection in other directions has, of course, been 
necessary to present a general survey of structural 
timber without favouring any particular class of 
user, while directing attention mainly to woods 
that are grown, or imported for service, in this 
country. The fact that samples may be readily 
available for inspection and comparison with the 
excellent illustrations in the text will enhance the 
interest and value of the introductory chapters, 
in which a botanical outline of wood structure and 
a discussion of microscopic features and grosser 
characteristics serve as a basis for identifying 
timber, appraising its condition and properties, 
and eventually deciding on its appropriate range of 
applications. Consideration, in some detail, of 
these latter, utilitarian, aspects, makes up the 
bulk of the text, attention being paid successively 
to density, mechanical strength, moisture content 
and other physical qualities. Critical discussions 
of testing practices, and of the conclusions to be 
drawn from test results, form an instructive back- 
ground to the final chapters dealing with i 
and preservation, the causes and diagnosis of mech- 
anical defects, fungal decay and insect pests. 
The economic aspects of present and potential 
imperfections bear importantly on the commercial 
grading of timber, on which very practical note the 
author really concludes his work, his actual final 
chapter being little more than an appended note 
covering a few aspects of wood as an engineering 
material. 

All that Dr. Desch has to say on the broad ques- 
tion of the merits of wood, relative to metals and 
plastics, for structural applications; and on such 
details as timber connectors, mechanical fastenings 
and adhesives, is instructive; and if he gives no 
tabulated data of mechanical properties, he is explicit 
on all recommended methods of determining them. 
Onthe whole, his approach to his subject is analagous 
to that of the metallurgist, and his information 
is comparably essential for the optimum use of 
wood for engineering purposes, especially in view 
of the preponderant failure of wood by causes other 
rt | than overstress. Nevertheless, the engineer could 
reasonably wish to know more than this book tells 
him about the effects of shape and repeated stress 
on the strength of timber, and about modern 
methods and tools for machining wood. This in 
itself, however, is a compliment, implying that the 
reader has been stimulated to want more knowledge, 
imparted in the same attractive style. Meantime, 
technicians in a wide range of professions and 
industries of growing commercial importance are 
indebted to Dr. Desch for a sound, helpful and 
always interesting book. 





Introduction to Modern Physics. By F. K. RICHTMYER 
and E.H. KENNARD. Fourth edition. International 
Series in Pure and Applied Physics. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 6 dols.]; McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 36s.] 


THE original version of this text, first published 
20 years ago, aimed at providing a survey of the 
subject matter of modern physics which is concerned 
with the nature and properties of the individual 
constituents of matter rather than with the behaviour 
of matter in bulk. Its well merited success was due 
largely to Professor Richtmyer’s wise choice of 





topics, together with his conspicuous ability in 
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presenting them as parts of a coherent whole, as 
an outgrowth from, and a continuation of, classical 
physics. After Professor Richtmyer’s death, Pro- 
fessor Kennard revised the text and made extensive 
additions, covering such topics as wave mechanics 
and cosmic rays, for the third edition. In the 
present edition, advances made during the past 
five years are dealt with, particularly in the field 
of nuclear physics. 

The book opens with a historical sketch and a 
discussion of electromagnetic waves and moving 
charges along classical lines. This is followed 
by a chapter on photo-electric and thermionic 
effects and an excellent brief summary of the main 
points of the theory of relativity. The quantum 
theory is traced from its origin in Planck’s well- 
known investigations of black-body radiation and 
the nuclear atom from Rutherford’s Manchester 
experiments on the scattering of «-particles and 
Bohr’s application of quantum concepts to explain 
the spectral series of the simpler atoms. In the 
clear account of wave mechanics, stress is laid on 
its physical implications. The interpretation of 
Optical spectra on the basis of atomic structure is 
a matter of considerable complexity and it is no 
mean achievement to convey its essentials in little 
more than a hundred pages. This is followed by 
a short chapter on a topic that has become almost 
classical—the LEinstein-Debye theory of specific 
heats. The chapter on X-rays is divided into sections 
dealing with early developments, X-ray spectra, 
interactions of X-rays with atoms, and recent 
developments in X-ray spectroscopy. The account 
of the nucleus reviews the fundamental contribu- 
tions that came from the Cavendish Laboratory 
under Rutherford’s direction and carries develop- 
ments down to the fission process and the chain 
reacting pile. The final chapter is devoted to cosmic 
rays. It describes the experimental techniques and 
outlines the theoretical interpretations of the 
experimental findings. It ends with the statement : 
** It will be a dramatic day when mesons are for the 
first time generated in the laboratory.” Physics 
is pushing ahead so rapidly that this has already 
been accomplished, as was announced on page 327 
of the issue of ENervzERrne for April 2. 





Production with Safety. By A. L. Dioxkm. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 2-50 dols.]}; 
McGraw-Hill Publishing Company, Limited, Aldwych, 
London, W.C.2. [Price 12s. 6d.] 

Art first glance, the British reader of this book may 
be antagonised by its excessively American manner. 
It is largely written in the form of a dialogue with 
a certain Mr. Gordon Lee, safety engineer, as the 
hero, and all the characters except Mr. Lee speak 
almost exclusively in American colloquialisms. 
Mr. Gordon Lee applies for the job of safety engineer 
at a plant and the first chapter is a verbatim 
account of his interview and appointment. In its 
realistic presentation of the kind of dream-wish 
interview that every ambitious engineer must 
harbour in his subconscious, this chapter will tickle 
the fancy like any Hollywood romance. Mr. Gordon 
Lee holds the field ; startingly unlike the others, he 
talks like a book. Not only does he sell himself and 
the whole idea of employing a “safety engineer,” 
but he overcomes the opposition of various execu- 
tives who are brought in to the interview to hear 
what he has to say. Later chapters describe in 
some detail how he gets on with the job. 

It may be hoped that this will not become a 
popular way of writing text-books ; the imagination 
recoils from the thought of what some authors 
might do on these lines. However, it must be 
confessed that Mr. Dickie carries it off with the 
streamlined slickness that has made the success 
of the American film. It is really amusing, but 
above all it is immensely informative. The thesis 
is that, if a properly trained man be appointed 
in a large plant to look after safety precautions and 
given the necessary backing, he can save many times 
his own cost by the reduction of accidents and their 
consequential losses, not only to employees, but 
also to machines. The full extent of such losses is 
not always realised; apart from the other effects 
of his persuasive arguments, Mr. Gordon Lee fairly 
frightened his prospective employers into appointing 
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Fie. 1. FLAME-THROWER ON UNIVERSAL CARRIER. 




































































































































































Fig. 3. Recovery or Tank Arter RIGHTING. 
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him by his quick mental calculations of what their 
accidents were really costing them, directly and 
indirectly. Such salesmanship, however, is sup- 
ported by a profusion of factual examples of what 
can be done to reduce mishaps and damage to 
machines as well as to men, and this undoubtedly 
will be the principal value of the book. 





R.E.M.E. (T.A.) CAMP AT 
SHORNCLIFFE. 


THE Corps of Royal Electrical and Mechanical 
Engineers was a war-time creation and it follows, 
therefore, that the inclusion of R.E.M.E. units in 
the Territorial Army is a new development, though 
one which should have a strong appeal to the many 
technically trained men who would prefer their 
Territorial service to be of a nature which would 
afford opportunities for the application of their 
engineering knowledge. This aspect was kept well 
to the fore by the organisers of the camp at Shorn- 
cliffe from June 20 to 27—claimed to be the first 
of its kind to be held for the R.E.M.E. (T.A.) 
units of the London and Home Counties Districts. 
The camp was under the command of Lieut.-Colonel 
H. Randal Steward, M.I.Mech.E., and the 200 
personnel who attended were drawn from the 
23rd Southern Corps, the 44th Home Counties 
Division, and No. 99 Army Group Royal Artillery. 

The exercises upon which the R.E.M.E. Terri- 
torials were engaged, some of which are illustrated 
in Figs. 1 to 3, on the opposite page, included the 
laying out of mobile workshops in the field, exercises 
in the recovery of damaged tanks, and the more 
familiar demonstrations of map-reading, camouflage, 
field-craft, etc., as well as of flame-throwers, the 
uses of wireless telegraphy in the field, and practice 
in the driving and maintenance of Army vehicles. 
Part of the time was devoted to general military 
instruction, including small-arms drill, and one day 
was spent on the Lydden Spout rifle range, near 
Dover. The exercises culminated in a “‘ combined 
operation,” or rather, demonstration, which included 
the landing, from a landing craft (tank), anchored 
about half a mile off the beach at Dymchurch, of a 
“ Dukw ” and a tank; this was of particular value 
as experience in that most or all of the equipment 
used was serviced by R.E.M.E. personnel. The 
tank used, a modification of the original Sherman 
type, was provided with a retractable canvas 
superstructure and was self-propelled by retractable 
twin screws, driven from the rear axle. 

The demonstration of the recovery of a “ major 
casualty,” for repair by the base workshops, involved 
the righting of a Stuart light tank, laying on its side. 
The tank, which weighed 16 tons, was then pulled up 
an embankment on to level ground, for subsequent 
removal on a tank transporter. This operation 
is illustrated in Figs. 2 and 3, opposite. The 
equipment employed consisted of a Scammell 
breakdown tractor, a Trewella winch, hold-fast 
ground anchors, and the necessary pulley-blocks 
and wire ropes. Another demonstration, showing 
the close relation between the work of the modern 
Army tradesman and his counterpart in civil life, 
was provided by a mobile R.E.M.E. column which 
has been touring among various Territorial Army 
camps, cadet training units, and agricultural shows. 
Its purpose is to illustrate typical examples of the 
75 trades employed in R.E.M.E., and to show how 
the Army training serves to retain and develop the 
technical skill which the individual ranker may 
possess, and to provide him with opportunities to 
acquire new skills of civilian as well as military 
applicability. It is the hope of the organisers of the 
Shorncliffe camp that it may serve not only as a 
useful training for those who took part, but as an 
inducement to others, engaged in various branches 
of the engineering industry, to keep abreast of cur- 
rent developments in military mechanical and elec- 
trical engineering and, at the same time, to ensure 
that the Army has an adequate reserve of the 
trained men on whom, in increasing measure, the 
efficiency of all branches of the land Forces must 
depend in the future. Incidentally, it may be 
remarked that a corps of such diverse interests, and 
containing representatives from so many branches of 
engineering, offers opportunities for personal contacts 
that are by no means the least of its attractions. 





MECHANICAL HANDLING 
EXHIBITION, OLYMPIA. 
(Concluded from page 54.) 


WE conclude this week our description of some of 
the exhibits at the Mechanical Handling Exhibition 
which closed at Olympia on Wednesday, July 21. 
It is only possible to refer to a small proportion of 
the exhibits, many of which—especially fork-lift 
trucks—have been described in our columns on pre- 
vious occasions. Engineers who are not specialists in 
mechanical handling will have welcomed the oppor- 
tunity of seeing representative examples of this class 
of equipment on show together, and many doubtless 
will have been surprised to realise the extent to 
which the handling of raw materials, semi-finished 
and finished products, and waste products, can be 
mechanised. Even if no new developments were to 
take place in the future, there must be many firms 
who would profit considerably by reviewing the 
whole field of available equipment, and selecting 
those plants which are most suitable for their 
needs 

Two narrow-gauge Diesel locomotives and a 
“Planet ” D.X.S. Diesel tractor were exhibited on 
the stand of Messrs. F. C. Hibberd and Company, 
Limited, 56, Victoria-street, London, S.W.1. The 
tractor, which is shown in Fig. 4, on page 78, 
exerts a tractive effort of about 2,000 lb. in low 
gear at 1-37 miles an hour, and about 590 Ib. in 
top gear at 10 miles an hour. Power is provided 
by a Turner twin-cylinder water-cooled Diesel 
engine developing 15 brake horse-power at a gov- 
erned speed of 1,500 f.p.m. A single-plate dry 
clutch is connected to a four-speed gearbox with 
reverse gear. The fuel tank holds three gallons, 
and the engine, which is started by hand, drives 
the rear wheels through a fully-floating worm- 
reduction differential back axle, which is mounted 
on the main frame of the tractor. The heavy- 
duty pressed-steel rear wheels are detachable. The 
front axle supports the tractor on semi-elliptical 
springs. The brakes are of the internal expand- 
ing type, 12 in. in diameter, fitted to the rear 
wheels and operated by hand and foot. The 
chassis is fabricated from heavy rolled-steel sections, 
and a large protective shield is fitted at the front. 
The drawbar coupling is a jaw-type bracket at the 
rear, 18} in. above ground, with a l-in. diameter 
pin. The tractor can be supplied with electric- 
lighting equipment of either standard or flameproof 
design, and with a semi- or totally-enclosed cab. 
Flameproof exhaust equipment is also available. 
The principal dimensions of the tractor are: 
diameter of turning circle, 20 ft.; wheelbase, 
3 ft. 6in.; ground clearance, 9 in.; overall length, 
7 ft. 8in.; and width, 4 ft. 7 in. The weight of 
the vehicle in working order is 1 ton 15 cwt. 

Messrs. Steels Engineering Products, Limited, 
Crown Works, Sunderland, showed some of their 
well-known Coles cranes and electric hoists, and 
several models of their ‘‘ Electric Eel” industrial 
truck, one of which is illustrated in Fig. 5, on 
page 78. It incorporates what is claimed to be a 
new principle of steering, known as ‘“‘ Bodyweight,” 
the operator steering by tilting his stand with his 
feet to right or left, as required. The stand pivots 
about a longitudinal axis on a shaft, at the other 
end of which is a crank connected to the track 
rod. Steering by this method leaves the hands free 
for the brake and speed controls, and it is stated 
that the method is particularly suitable for steering 
in crowded works aisles. There are three models 
of the truck: a 30-cwt. load carrier with a fixed 
platform and steering applied to two wheels; a 
50-cwt. low-lift truck, shown in Fig. 5, with steering 
to all four wheels; and a 40-cwt. tiering truck, 
also with steering to four wheels. 

Three speeds are provided in both directions, 
starting and speed change being controlled by 
one vertical handwheel, which is arranged so that 
the operator moves the upper part of the rim in 
the desired direction of travel from a neutral 
position through each speed. The movement of the 
control wheel is regulated so that it is impossible 
to proceed from start to top speed without going 
through the various stages, thus protecting the 
motors and ensuring smooth operation. The same 
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wheel also controls the electrical brakes, which 
Operate immediately the wheel is within one notch 
on either side of the neutral position. Mechanical 
braking is also provided, operated by a lever on 
the “‘dead-man ” principle. When the brake-lever 
hand grip is released, the current to the motors is 
automatically interrupted and the brakes are 
applied. Interlocking devices prevent the simul- 
taneous application of power and braking. Two 
wheels are driven independently by two series- 
wound totally-enclosed traction-type motors; an 
arrangement which dispenses with the need for a 
differential gear. The motors are supported on the 
back-plates of the wheels, and each drives its wheel 
through a pinion and an internally-toothed ring. An 
elaborate transmission is thus avoided, and any 
tendency for one wheel to slip, as with a differential 
gear, is eliminated. The two motors are mounted 
on the wheels remote from the operator in the 
case of the 30-cwt. load carrier, and on the two 
wheels adjacent to the operator in the case of the 
50-cwt. low-lift truck. 

The 30-cwt. battery truck is provided with a fixed 
steel or wooden platform, and solid-rubber tyres, and 
the batteries are carried in the centre, below the plat- 
form. The maximum speed when laden is between 
6 and 7 miles an hour, and the maximum gradient 
is 1 in 5. The minimum width of an aisle with a 
right-angle bend that can be negotiated is 6 ft. 9 in. 
The overall dimensions are: length, 8 ft. 5 in.; 
width, 3 ft. 5in.; height, 4 ft. 8in.; the length of 
the platform is 5 ft. 94 in., and the height 1 ft. 94 in. 
The weight of the 30-cwt. truck, including 168- 
ampere-hour batteries, is 21 cwt. The platform of 
the 50-cwt. low-lift truck, for use with a stillage 
system, is elevated by four levers, placed one near 
each corner, and operated by an independent motor. 
The batteries are housed in a cabinet, shown in 
Fig. 5, above the elevating motor. The maximum 
speed, when laden, is between 5 and 6 milez per 
hour, and the gradient is 1 in 10. Due to the four- 
wheel steering, an aisle 5 ft. 6 in. wide, with a 
right-angle bend, can be negotiated. The platform 
of the 40-cwt. tiering truck is raised from 11} in. to 
5 ft. 2 in. above ground, by roller chains from a 
gearbox driven by a separate motor which is inter- 
changeable with the traction motors. 

Messrs. Crompton Parkinson Limited, Guiseley, 
Yorkshire, make a number of battery trucks for 
industrial use, and on their stand they showed a 
new two-ton fixed-platform model which is of very 
robust design, and is particularly suitable for use at 
docks. Fig. 6, on page 78, shows the truck with the 
speed and forward-reverse controllers swung open 
on their hinges to provide access for maintenance. 
When swung back into position, the cover plates are 
secured by a bolt and padlock to prevent unautho- 
rised access to the mechanism. The frame is of 
welded construction, and the heavy steel loading 
platform is in three hinged sections to provide 
access to the battery. The driver’s stand and con- 
trols are on one side of the truck, to leave a space 
on the other side for carrying long bars. A series- 
wound traction-type motor drives the rear wheels 
through a tubular propeller shaft, a worm and wheel, 
and a bevel differential gear. Three speeds are 
provided, forward or reverse, by a cam-and-trigger 
operated controller, and a separate forward-and- 
reverse switch. This switch has a handle which is 
removable in the neutral position, as a means of 
‘*immobilising ” the vehicle. External contracting 
brake shoes bear on a brake drum mounted on an 
extension of the motor-armature shaft, and are 
applied by releasing a pedal; thus the vehicle 
cannot be moved until the pedal is depressed. 
There is also an interlocking arrangement to ensure 
that the current to the motor is cut off when the 
pedal is released. Current is supplied by a 16-cell 
battery, with a capacity of 243 ampere-hours at a 
5-hour rate of discharge. The number of hours 
running that can be obtained from one charge is 
2-7 with a fully-laden vehicle, and 4 without a 
load. The maximum speed of the vehicle, fully 
laden, is 4-7 miles an hour, and the steepest gradient 
that can be negotiated is 1 in 12 with a full load, 
and 1 in 9 with half load. The truck is suspended 
on coil springs, and the wheels are fitted with pressed- 
on solid tyres. The front wheels are steered by a 
tiller (behind the cover plate in Fig. 6), which is 
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Fie. 4. Dreset-ENGrIneD Tractor; Messrs. F. C. HisperD aNnD 


Company, Limrrep. 


moved vertically. The principal dimensions of the | 
truck are: diameter of the turning circle of the | 
outer wheel, 21 ft. 6 in.; minimum width of gang- | 
way with a right-angle bend, 7 ft. 6 in.; platform 
length, 7 ft. 6in.; width, 3 ft. 9 in. ; height, 2 ft. ; 
and overall length, 9 ft. 7 in. The unladen weight 
of the vehicle, including battery, is 35 cwt. | 

Several firms showed cranes, hoists, and similar | 
equipment. The Aabacas Engineering Company, 
Limited, Birkenhead, exhibited some of their electric 
hoist blocks. The working parts are totally en- | 
closed, and the design is compact. The motor is | 
within the cable drum, which it drives through a} 
train of gears enclosed in a cast-iron housing at one | 
end. A coned friction brake is fitted at the other | 
end of the shaft, which automatically moves in an 
axial direction when the current is switched on or 
off, thus disengaging or engaging the brake. The | 
rope is laid on grooves on the drum, and is enclosed | 
by @ casing, except where it leaves the drum. Its | 
movement on and off the drum is controlled by a | 
rope guide which prevents the rope from becoming 
slack on the barrel. A limit switch automatically 
stops the hoist when the hook reaches a predeter- 
mined height in either the hoisted or lowered 
positions. The hoist blocks are made in a variety of 
types and sizes, to lift from 3 cwt. to 5tons. Some 
have a single fall of rope to the hook, and others 
have two or three falls of rope to a sheave. The 
hoists can be slung on suspension eyes, or mounted 
on feet ; or they can be arranged to travel on an 
overhead monorail, being propelled by hand or by 
power. Another series of hoist blocks is available 
for situations where headroom is limited, the motor 
being on one side of the monorail, with a balance 
weight on the other side, thus enabling the hook to 
approach close to the underside of the rail. 

Messrs. I.T.D., Limited, Stacatruc House, 142, 
Sloane-street, Sloane-square, London, 8.W.1, showed 
several of their fork-lift trucks, and others of that 
type, including a “ Stacashovel,” a “ Stacatruc ” 
with rotating head, and a new electric-battery 
fork-lift truck. The Stacashovel is a four-wheeled 
vehicle with a frame at the front which carries a 
shovel of 17-5 cub. ft. capacity. It is designed for 
digging into, lifting and transporting loose materials, 
which it can raise and tip up to a height of about 
8 ft., by means of a hydraulic ram on the lifting- 
frame and another to tip the shovel. The Staca- 
shovel is powered by a 46 brake horse-power 
Meadows engine, and weighs approximately 44 tons. 
The Stacatruc with rotating head, known as the 
rotary tilter, is generally similar to the firm’s fork- 
lift trucks, but the fork is attached to a head which 
can be rotated by a worm and wheel driven by a 











hydraulic motor. The truck has been designed for 
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Fic. 5. Exgctric-Batrery Truck; Messrs. STEELS ENGINEERING 


Propvucts, LiMiTED. 























Fie. 6. Exvecrric-Batrery TRUCK ; 


handling small forgings, castings, ingots, liquids, 
etc., in skips, bins or ladles which are required to be 
lifted, transported, and unloaded. The fork will 
rise about 9 ft., and the safe working load is 1 ton at 
18 in. from the heel of the fork. The new electric 
fork-lift truck is operated by batteries, and has a 
lifting capacity of 2,500 lb. at 24 in. from the heel 
of the fork, up to 9 ft. above the ground, in approxi- 
mately 20 seconds. The turning radii are 7 in. for 
the inside wheels, and 75 in. for the outside wheels. 
The unladen weight of the truck is about 1 ton 
l5cwt. Itis driven by two generally similar motors, 
one for traction, and the other for the hydraulic 
pump. The frame will tilt 3 deg. forward and 8 deg. 
backward, and the speed of the truck fully laden is 
six miles per hour, forward or reverse. 

Messrs. Stewart Gill and Company, Limited, 157, 
Fairfax-road, Teddington, Middlesex, exhibited a 
gas-fired infra-red drying plant, a photograph of 
which is reproduced in Fig. 7, opposite. The 
plant, which is described as the “ Rapiradia ” 
radiant-heat tunnel unit, is fitted with 12 Stewart- 
Gill radiant reflecting units and 12 Potterton gas- 
heated infra-red radiant panels, and a conveyor 
system suitable for cycle frames, metal furniture, 
holloware, etc. The firm also make other types of 
units, including a small “‘ oven,” and a heat-tunnel 
with a wire-belt conveyor. The plant exhibited 
had an overhead conveyor 40 ft. in length, and a 








Messrs. CROMPTON PARKINSON, LIMITED. 


tunnel approximately 10 ft. long, 7 ft. 6 in. high, 
and 4 ft. wide. The consumption of gas is 120,000 
B.Th.U. or 1-2 therms per hour. The conveyor is 
fitted with work hangers at 2-ft. intervals, each of 
which will carry 150 lb., and its speed can be 
adjusted from 1 ft. to 4 ft. per minute. If an 
article 2 ft. by 1 ft. 8 in. is placed on each hanger, 
and the conveyor speed is 2 ft. per minute, the dry- 
ing period is 3 minutes. The temperature in this 
case would be between 230 and 350 deg. F. 

Messrs. Smallpeice, Limited, Parkshot, Richmond, 
Surrey, showed their air hoists, pneumatic control 
valves, air cylinders, etc. The Marton air hoists, 
which are manufactured in various sizes up to 6-cwt. 
capacity, are simple in construction, and convenient 
in operation. They consist of a long cylinder, slung 
horizontally from a hook in the middle ; a piston 
which works in one half of the cylinder; several 
rope sheaves which slide together in the other half 
of the cylinder, and are connected to the piston by 
two rods; a set of fixed sheaves in the middle of 
the cylinder ; and the rope which passes round the 
sheaves and out through a hole inthe middle of the 
cylinder. When compressed air is admitted to the 
cylinder, the piston jnoves, and with it the movable 
sheaves, thus raising the hook. It is quite easy to 
move the load, a few inches by hand without touch- 
ing the air controls. The hoists cannot be damaged 
by overloading. 
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MECHANICAL HANDLING EXHIBITION. 
































Fie. 7. Raprant-Heat Dryine Piant; Messrs. Stewart GILL AND Company, LIMITED. 
. 
~ 
Fig. 8. Forx-Lirr Truck ; Messrs. Ransomzs, Sims AND JEFFERIES, LIMITED. 


Messrs. Ransomes, Sims and Jefferies, Limited, 
Orwell Works, Ipswich, showed a 2-ton elevating- 
platform truck, a 2-ton fixed-platform truck, a 
10-cwt. crane truck, a four-wheel tractor, a three- 
wheel tractor, a three-wheel 1-ton fixed-platform 
truck, and a new fork-lift truck which we illustrate 
in Fig. 8, on this page. All these vehicles are elec- 
trically driven from batteries. The Ransomes 
Forklift “20” truck will lift 1 ton at 1 ft. 3 in. 
from the heel of the fork, and is quite stable when 
this load is raised to the maximum height of 10 ft., 
with the mast tilted forward. The lifting speed is 
22 ft. per minute, the mast will tilt 10 deg. back- 
ward and 3 deg. forward, and the truck will travel 
at 5-6 miles an hour when loaded. There are four 








speeds, in both forward and reverse. Thetwosmaller 
wheels are steered, and the outside diameter of the 
turning circle is 10 ft. 3 in. The overall length of 
the vehicle is 9 ft. with 2 ft. 6 in. forks, and the 
width is 3 ft. 

Many other well-known firms exhibited, but it 
has only been possible to refer to a few equipments 
of interest. Visitors to the exhibition included 
many workmen, who will have to be educated to 
appreciate the importance of mechanical handling 
if it is to be developed successfully. With that 
object in view, the organisers arranged during the 
last few days for men presenting a trade-union 
membership card to visit the exhibition free of 


DOMESTIC-HEATING RESEARCH. 


For many years tests have been carried out at the 
Fuel Research Station, Greenwich, in conjunction with 
other public bodies and manufacturers, on domestic- 
heating appliances, particularly of the solid-fuel type. 
It has been difficult, hewueens to determine the beat 
balances of such appliances; the radiated heat is 
readily measured, but the large proportion of heat 
dissipated by convection and conduction is not easy 
to assess. Furthermore, the conditions in houses vary 
considerably, and are generally not ideally suited to 
the efficient use of the heat generated. Some of the 
heat up the chimney, through.the walls, ceiling 
and floor into other rooms, where it is not necessarily 
required, or to the outside of the house, where it is 
wasted. The appliances themselves are often ineffi- 
cient, and it has been estimated that the total coal used 
in this country before the war for domestic heating, 
washing and cooking, was consumed at an efficiency of 
only about 20 per cent. As recorded briefly on page 15, 
ante, a “calorimeter building” has been constructed 
at the Fuel Research Station to enable all the heat 
generated in an appliance to be accounted for, thus to 
show what improvements to appliances can be effected, 
and to measure the effect of improvements incorporated 
in new designs. The staff of the Station will co-operate 
closely, as before, with the manufacturers of appliances, 
of whom there are about 250 in the United Kingdom. 
The work undertaken at the Station represents only 
one part of the research on domestic heating organised 
by the Department of Scientific and Industrial Re- 
search, the other part being that carried out at the 
Building Research Station on different types of heating 
appliances and methods of house construction. 

A photograph of the building from the east is repro- 
duced in Fig. 1, on page 80, and Fig. 3, on the same 
e, shows a vertical section through the building on 
the line A A indicated on the sectional plan, Fig. 2. 
The building is a four-storey structure occupying a 
ground area of about 3,000 sq. ft. There are four 
erally similar testing units, one in each corner of 
the building from the ground floor to the roof. The 
remainder of the space is used for a control room, 
one end of which is shown in Fig. 4, on page 81, a 
refrigerator room, a small laboratory, a photometer 
room, etc. A testing unit can be visualised by reference 
to the right-hand side of Fig. 3, and one corner of 
Fig. 2. It comprises a cabinet on the level of the 
first floor, in which the domestic-heating appliance is 
tested; a chamber occupying the ground, first and 
second floors, and containing the cabinet; four fans, 
the functions of which will be described later; and a 
smoke-testing room on the top floor, through which the 
chimney from the cabinet passes, as shown in Fig. 5, 
on page 81. Each cabinet is 12 ft. square and 9 ft. 
high, and is similar in size to a living room in a 
small house. The heat generated by the appliance. 
other than that going up the chimney and that 
utilised in the boiler of the appliance, passes through 
the walls, floor and ceiling of the cabinet, and these 
are designed to enable the heat to be measured. They 
are constructed of }-in. thick plywood panels, 2 ft. by 
1 ft. 6 in., faced on both sides with copper sheet. 
Thermocouples are embedded at the mid-points of 
each copper panel, so that the temperature difference 
through each panel can be measured. The rate at 
which heat is flowing through each panel can be 
determined from this difference and from a know- 
ledge of the thermal conductivity of the panel. 

The copper-and-plywood composition of the panels 
was chosen because it provides a low heat capacity, 
consistent with suitable thermal conductivity, and 
because it is light and strong. The latter qualities are 
important since each cabinet is supported at as few 
points as possible, to eliminate the dissipation of heat 
which cannot be measured. Each cabinet is constructed 
in a frame of light angle iron, and is supported on 
several small blocks of wood resting on steel joists 
which span the chamber at first-floor level, and rest 
on four brick walls forming a toom under the cabinet. 
The exterior of a cabinet is illustrated in Fig. 6, on 
page 81, which shows the copper-faced panels, the 
joists and brick walls. An airtight door, also made 
of composite panels, gives access to the interior of the 
cabinet as shown in Fig. 7, on the same page. A 
steel-grill false floor, a few inches above the floor 
proper, is provided in each cabinet for the operators, 
and to support the appliance under test. There 
are also water, gas and electricity connections in each 
cabinet, and a panel which provides connections 
between the interior and the control room for all 
tests conducted inside the cabinet. 

There are two principal air-circulating systems to 
each testing unit: one to provide combustion air in 
the cabinet, and the other to maintain constant condi- 
tions of air movement and temperature around the 
outside of the cabinet by means of fans inside the 
chamber. Combustion air is provided by a motor- 
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driven blower, arranged as shown in Fig. 2, with the 
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air intake in the form of an orifice in the wall of the 
control room (Fig. 4). For the appliance under test to 
operate under conditions of natural draught the air 

inside and outside the cabinet must be the 
same. This is achieved by a servo mechanism with 
two air- ure connections, one inside and the other 
outside the cabinet. The mechanism controls the 
blower output, and the flow of the air entering the orifice 
is automatically recorded. The chimney for the 
appliance under test can be placed either near the 
centre of the cabinet, or near one wall, as indicated by 
the crosses in Fig. 2, and in either case the chimney 
comprises a | pipe from the appliance up to 
a 9-in. square stainless-steel flue between the ceilings 
of the cabinet and the chamber, and a similar flue, 
in a brick casing, in the smoke-testing room. There 
is also, on the top of the cabinet, an auxiliary fan 
with a flowmeter, which is used to extract ventilating 
air from within the cabinet when desired. 

The chamber contains two fans, one below the cabinet, 
enclosed within the four brick walls already mentioned, 
and the other on the second floor, above the cabinet. 
The lower fan delivers air which passes through a narrow 
opening between the upper edge of the brick walls and 
the lower edges of the cabinet; the air then flows 
upwards, around the outside of the cabinet (the first 
and second floors in the chamber are of steel grill), to 
the intake of the upper fan. The air leaving the 
upper fan can be through an opening in the 
outer wall of the building to the atmosphere, in which 
case the lower fan draws air from the atmosphere ; 
or it can be fed back to the lower fan through a duct 
in the chamber, to be re-circulated ; or part can go one 
way and part the other. The proportions of fresh and 
re-circulated air are controlled by inter-connected 
dampers in the upper and lower air ducts, so that the 
temperature conditions of the air circulating round 
the cabinet can ve adjusted and then maintained 
constant. The temperature will differ at different 
places around the cabinet, but at any given point it 
will remain sensibly constant. In general, since the 
function of the circulating air is to carry away the heat 
that passes through the walls, ceiling and floor of the 
cabinet, its temperature will increase as it rises, especi- 
ally as the cabinet itself will naturally be hottest at 
the top. Two of the four chambers are provided 
with cooling arrangements for use when the outside 
atmospheric temperature is too high, or when testing 
an appliance of high heat output. A refrigerating 
plant on the top floor feeds cooling batteries in the 
delivery ducts of the lower fans. 

Constant conditions for testing a domestic-heating 
appliance are also important for the chimney. If 
this were built straight up through the roof there 
would be a variable draught owing to differences in 
the direction and strength of the outside wind. The 
top of the chimney proper is therefore inside the 
smoke-testing room, as shown in Figs. 3 and 5; above 
it there is a cowling, and a short chimney in the roof, 
and air from a fan is blown upwards inside the cowling, 
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Fig. 3. VERTICAL SECTION ON 


with an ejector effect. The output of the fan is adjusted 
so that the smoke is only just drawn up, i.e., it is 
almost billowing out into the smoke-testing room. By 
this means, the chimney draught is maintained constant. 
The density of the smoke is measured by a beam of light 
which is projected across the inside of the brick-encased 
flue on to a photo-electric cell. A red light is used, 
since it gives the same response for smokes containing 
carbon particles or matter, and the windows 
through which the light passes are heated by electric 
filaments to about 50 deg. C. above the temperature of 
the smoke, to prevent them from becoming obscured. 
To provide for a wide range of smoke density, two light 
projectors and photo-electric cells are in in each 
chimney; the beam from one passes horizontally 
across the flue, for dense smokes, and that from the 
other is longer, for lighter smokes, as it is passed 
across at an by means of two mirrors. The 
current from each photo-electric cell is amplified 
and fed to a potentiometer, which records the density 
once every minute, from each cell alternately. This 
ensures that the range of the recording potentiometer 
is sufficient for the range of smoke density. The 
apparatus is based on the principle that the optical 
density of the smoke is proportional to its physical 
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density, and it is calibrated by a direct determination 
of the smoke density, by means of a smoke-sampler 
which is inserted through a cover in the flue. The 
electricity supplied to the projectors and the amplifiers 
is stabilised to avoid errors due to variations in the 
voltage or frequency of the mains supply. 

The control room (Figs. 2, 3 and 4) is on the first 
floor, and is 52 ft. long by 10 ft. wide. It communicates 
with each of the four cabinets through double doors, 
which form air locks. As many as possible of the 
instrument readings are recorded automatically in 
the control room. A wall-mounted control panel is 
provided for each cabinet, each panel having a complete 
set of instruments and controls. These comprise 4 
six-line recording potentiometer, the controller for 
maintaining the conditions in the chamber constant. 
remote-control switches and indicator lamps, and 
various terminal boards and electricity-supply points. 
The recording potentiometer can be linked to instru- 
ments inside the cabinet, and to the cabinet 
thermocouples, which can be connected singly or in 
particular groups, as desired. The air-flow recorders 
for the combustion air which enters the cabinets are 
mounted on the wall below the corresponding orifices. 
Equipment is provided in the cual seats for con- 
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Fia. 6. CALORIMETER CABINET. 


trolling and measuring the water used by boiler appli- 
ances under test. A loudspeaker intercommunication 
system links the control-room staff with operators in 
the cabinets and in the smoke-testing rooms. 

A laboratory on the top floor has been equipped for 
calibration work and research on thermal measuring 
techniques. The photometer room on the second floor 
is for work in relation to the optical equipment for 
measuring smoke density.” Office accommodation is 
provided on the first and second floors, and there are 
two computing rooms on the top floor. Fuel-storage 
rooms are located on the ground floor, where fuel is 
sampled and weighed into containers before being 
conveyed by a lift to the control room. Gas, water, 
electricity and compressed-air supplies are provided 
throughout the building. The electrical equipment 
includes a motor-generator set. 
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As Dr. A. Parker, C.B.E., Director of the Fuel 
Research Station, said, when welcoming visitors 
recently, the calorimeter building is not a laboratory, 
but a piece of apparatus. It is, in fact, a large calori- 
meter. Each cabinet can be “calibrated,” or the 
accuracy of the apparatus verified, by placing in the 
cabinet an electric fire, the consumption of which is 
readily determined. Tests may be run for 24 hours, 
the various measurements being recorded automatically. 
When conducting a test, the appliance is run for about 
two hours before useful measurements can be recorded, 
since it takes some time for conditions to become 
stabilised. The heat radiated by an appliance is 
indicated by one or more thermopiles placed on a 
semi-circular frame (this is shown by dotted lines 
near the right-hand bottom corner of Fig. 3). The 
frame pivots about the vertical diameter of the semi- 


ENTRANCE TO CALORIMETER CABINET. 


circle, and can be positioned at any angle in front of 
the appliance. It may also be driven by an electric 
motor for taking integrated measurements, in which 
case it traverses 180 deg. in 40 seconds. A single 
thermopile may be placed in several positions in turn 
on the frame, or a number of cumulative thermopiles 
may be placed around the frame. 

It is impossible to give any indication of the magni- 
tude of the improvements in the design of domestic 
heating appliances which may be effected as a result 
of tests in the calorimeter building. Not much is 
known at present regarding the performance of appli- 
ances, but it is apparent that efficient designs cannot be 
evolved without first inquiring into the performance 
of existing modern designs and obtaining precise 
measurements. It is for this purpose that the calori- 
meter building has been provided. 
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M.S. “Cran Macieop.”—Single-screw cargo liner SPECIFICATIONS. 
built by the G k Dockyard Co y, Limited, . i P P 
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E.C.3. Main dimensions: 438 ft. by 60 ft. 6 in. by 
37 ft. 9in.; deadweight capacity, 8,830 tons on a mean 
draught of 26 ft. Six-cylinder Barclay Curle-Doxford 
opposed-piston reversible oil engine of 6,000 b.h.p., 
supplied and installed by Messrs. Barclay, Curle and 
Company, Limited, Glasgow, W.4. Trial trip, July 1 
and 2. 

S.S. “ Oro.”—Twin-screw pump hopper dredger> 
built by Messrs. Wm. Simons and Company, Limited, 
London Works, Renfrew, to the order of the Crown Agents 
for the Colonies, Millbank, London, S.W.1, for the service 
of the Government of Nigeria at Lagos. Main dimen- 
sions: 340 ft. by 53 ft. by 26 ft.; dredging and dis- 
charging capacity, 4,000 tons of spoil per hour. Two 
sets of triple-expansion engines, with three multi-tubular 
boilers designed to burn Nigerian coal, giving a speed of 
10 knots. Trial trip, July 7. 


M.S. “ Mazury.”—Single-screw vessel built by the 
Goole Shipbuilding and Repairing Company, Limited, 
Goole, for the Gdynia-America Shipping Lines, Limited, 
London, E.C.2. Main dimensions: 220 ft. by 36 ft. 
by 21 ft. to shelter deck; deadweight capacity, 1.150 
tons. Diesel engine of 960 b.h.p., supplied by the Atlas 
Diesel Company, Limited, Wembley, Middlesex. Launch, 
July 8. 

S.S. “Irish CEDAR.”—Single-screw cargo vessel, 
carrying 12 passengers, built by Messrs. William Gray 
and Company, Limited, West Hartlepool, for Messrs. 
Irish Shipping, Limited, Dublin. First of three. Main 
dimensions: 420 ft. by 57 ft. 3}in. by 37 ft. to shelter 
deck ; deadweight capacity, 8,850 tons on a draught of 
about 25 ft. Triple-expansion engines constructed by 
the builders’ Central Marine Engine Works, with three 
oil-fired boilers. Service speed, about 12% knots. 
Launch, July 8. 


M.S. “ Warora.”—Single-screw cargo vessel built by 
the Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for the British India Steam Navigation 
Company, Limited, London, E.C.3. Main dimensions: 
350 ft. by 49 ft: 9 in. by 25 ft.; deadweight capacity, 
about 5,500 tons on a draught of 22 ft. 6 in. Barclay 
Curle-Doxford three-cylinder opposed-piston Diesel 
engine of 1,780 b.h.p., designed for a trial speed of 113 
knots, supplied by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, W.4, and installed by the builders. 
Trial trip, July 10. 


M.S. “‘ Kosmos V.”-—-Twiao-screw whaler /tanker, built 
by the Furness Shipbuilding Company, Limited, Haver- 
ton Hill-on-Tees, for the Aktieselskapet Kosmos and the 
Hvalfaugerselskapet Kosmos II A/S, both of Sandefjord, 
Norway. Largest vessel constructed by the builders. 
Main dimensions: 671 ft. 3 in. by 78 ft. by 58 ft. to 
shelter deck; deadweight capacity, about 27,000 tons 
on @ draught of 35 ft. 3in. Two eight-cylinder opposed- 
piston Doxford oil engines, of 10,500 b.h.p. on service, 
supplied and installed by the North-Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on- 
Tyne. Speed about 153 knots. Launch, July 10. 

8.S. “ FRED. CHRISTENSEN.”—Single-screw cargo 
vessel, built by Messrs. John Readhead and Sons, 
Limited, South Shields, to the order of Messrs. C. H. 
Sérensen & Sénner, Arendal, Norway. Main dimensions : 
405 ft. 10 in. by 60 ft. by 37 ft. 6 in. to upper deck; 
deadweight capacity, about 8,000 tons on a draught of 
24 ft. Fredriksstad double compound steam motor 
built under licence by Messrs. John Readhead, with two 
Foster Wheeler water-tube boilers, built by Messrs. 
Richardsons, Westgarth and Company, Limited, West 
Hartlepool, developing 3;160 i.b.p., with a service speed 
of 13 knots. Trial trip, July 15. 

R.M.S. “ PRETORIA CASTLE.”—Twin-screw liner, carry- 
ing 227 first class and 478 cabin class passengers, and 
general cargo. Built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for the South African 
service of the Union-Castle Mail Steamship Company, 
Limited, London, E.C.3. Main dimensions: 749 ft. by 
83 ft. 6 in. by 50 ft.; gross tonnage, 28,705. Two sets 
of Parsons-type double-reduction geared turbines with 
three Babcock and Wilcox oil-fired water-tube boilers. 
Service speed, 21 knots. Maiden voyage, July 22. 





UNIVERSITY OF LONDON DEGREE IN CHEMICAL EN- 
GINFERING, ERRATA.—We regret that a paragraph on 
this subject published in our issue of July 9, on page 33, 
was inaccurate in some respects. The facts are that the 
Senate has approved Regulations for a Degree in Chemical 
Engineering for External Students, but the Regulations 
have not yet been published and will not be available to 
the public until the end of September or October. The 


External] Registraris Mr. T. 8S. J. Anderson, C.B.E., M.A. ; 
his initials were wrongly given in our previous paragraph. 
The address.of the University of London is Senate House, 


Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of the paragraphs. 
Magnesium-Oxychloride Flooring —The Codes of 
Practice Committee for Civil Engineering, Public 
Works and Building have issued, for comment, draft 
sub-code 204.107, which covers magnesium-oxychloride 
flooring. This material is essentially a mixture of 
magnesia with various inert fillers and pigments, 
gauged with a solution of magnesium chloride. The 
fillers consist of sawdust, wood flour or ground silicon 
to which are sometimes added talc, asbestos or sand. 
The code gives details for laying and jointing and 
discusses the suitable thicknesses of coats of the flooring. 
Considerable space is devoted to the preparation of the 
flooring mixture and of the various types of base on 
which it may be laid. Various tests and methods of 
testing are given in appendices. Comments on the 
draft code received up till August 14 will be examined 
by the Code and fting Committee. The final 
draft will be submitted by the Building Sectional 
Committee for the approval of the Codes of Practice 
Committee. [Price of the draft code, reference 
CP./B/750, 2s., postage included.] 
Foundations and Substructures.—The same Codes of 
Practice Committee operating under the egis of the 
Ministry of Works, have issued, in final form. code of 
practice C.P. No. 101 dealing with the foundations and 
substructures for houses, flats and schools of not more 
than two storeys. The code has been completed and 
revised in the light of the comments received on the 
draft publication previously issued. The design and 
construction of foundations is approached having in 
mind the recent findings on soil mechanics and soil 
research, and emphasis is placed on the importance of 
adequate site exploration, on which guidance is given. 
Such matters as the determination of the depth of 
foundations and the permissible bearing pressures on 
various soils are dealt with at some length, and there 
are useful suggestions concerning measures for dealing 
with the likely effects of seasonal weather changes and 
mass movements of ground in unstable areas. Advice 
is given on the type of foundation to be selected and 
detailed recommendations regarding each type are 
then given. Finally, some useful notes on excavations 
and filling are furnished and a list of relevant British 
Standard specifications is appended. [Price 2s., 
postage included.] 
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National Coal Board. Annual Report and Statement of 

Accounts for the Year Ended 31st December, 1947. 

H.M. Stationery Office, Kingsway, London, W.C.2. 

[Price 4s. 6d. net.] 

Science in Britain Series. Lord Kelvin: Physicist, 
Mathematician, Engineer. By A. P. Younc. James 
Clerk Maxwell, F.R.S., 1831 to 1879. .4 Mathematical 
Physicist of the Nineteenth Century. By Dr. R. L. 
SmiTrH-Rose. Published for the British Council. 
Longmans, Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price 1s. 6d. net each.] 

Report on Packaging Methods and Equipment. O. W. 
Roskill and Company (Reports), Limited, 14, Great 
College-street, London, S.W.1. [Price 30s. net.] 

United States War Department. Mississippi River Com- 
mission. Fine-Grained Alluvial Deposits and Their 
Effects on Mississippi River Activity. By PROFESSOR 
HAROLD N. Fisk. In two volumes. President, Missis- 
sippi River Commission, P.O. Box 80, Vicksburg, 
Mississippi, U.S.A. [Price 2.50 dols. the two volumes. ] 

Annual Report of the Brisbane City Council for 1946-47. 
The Town Clerk, City Hall, Brisbane, Australia. 

Electric Motor Maintenance. By W. W. McCuLLouGH. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 2 dols.] Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W:C.2. [Price 12s. net.] 

Piling for Foundations. By R. R. MINIKIN. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, South 
Kensington, London, S.W.7. [Price 15s. net.]} 

The Institution of Mechanical Engineers. Proceedings. 
January to December, 1947. Volume 156. The Secre- 
tary, The Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, Westminster, London, S.W.1. 

Reinforced Concrete Designer’s Handbook. By CuHas. E. 
REYNOLDs. Fourth edition. Concrete Publications, 
Limited, 14, Dartmouth-street, London, S.W.1. 
(Price 15s.] 

Design of Metal Cutting Tools. By FREDERIC L. Woop- 
cock. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
5 dols.} McGraw-Hill Publishing Company, Limited, 





W.C.1. 





Aldwych House, Aldwych, London, W.C.2. [Price 30s.] 








JULY 23, 1948. 
PERSONAL. 


Tue Rr. Hon. OLIVER LYTTELTON, D.S.O., M.C,, 
M.P., has been elected the first President of the 
Sheet Metal Industries Association, Limited, 21, 
Clarendon-street, London, 8.W.1. 


Mr. Davin HERON, M.A., D.Sc., has been re-elected 
President of the Royal Statistical Society, 4, Portugal- 
street, London, W.C.2, for the session 1948-49. Pro- 
FEssoR J. H. Jones, M.A., LL.D., has been re-elected 
honorary treasurer and PROFESSOR A. BRADFORD Hii, 
D.Sec., Ph.D., has been re-elected one of the three honor- 
ary secretaries of the Society. Mr. R. F. GEORGE and 
Mr. Ricwarp SToNE, C.B.E., have been appointed 
honorary secretaries in place of Mr. C. OSWALD GEORGE, 
Ph.D., and Mr. M. G. KENDALL, M.A. 

ENGINEER VICE-ADMIRAL SiR HAROLD Brown, 
G.B.E., K.C.B., has been elected President of the 
British Internal Combustion Engfne Manufacturer,’ 
Association, 6, Grafton-street, London, W.1. in succession 
to the late ViscoUNT BENNETT. 

Mr. T. J. BALLARD has relinquished the duties of 
manager of the Glasgow office of the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17, after 44 years’ service with the company. 
He has been succeeded by Mr. L. WHITHAM, who was 
previously assistant manager. Mr. S. McCRACKEN, 
M.I.E.E., who has been on the staff of the firm’s Belfast 
sub-office since 1934, has now been appointed assistant 
manager there. 

Mr. F. B. RIcHARDS, M.I.C.E., has relinquished his 
position as a joint managing director of the Woodall- 
Duckham Vertical Retort and Oven Construction 
Company (1920), Limited, Epsom-road, Guildford, but 
will retain his position as chairman. Mr. G. J. JACKSON, 
M.I.C.E., will continue as a joint managing director 
until December 31, when he will retire from the board. 
His services will be continued subsequently in a consulta- 
tive capacity. He will also retain his position as a 
director of the parent company, Messrs. Woodall- 
Duckham (1920), Limited. Mr. T. C. Frntayson, M.Sc., 
has been appointed deputy chairman, and MR. J. 8. 
JEFFREY and Mr. D. RIDER joint managing directors of 
Messrs. Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited. 

CapraiIn (E.) M. Lusy, R.N., Director of Engine 
Research and Development to the Ministry of Supply, 
retired from the Royal Navy with effect from July 6, 
but will continue to hold his present position. 

Mr. Hunert C. NicHorson, J.P., F.C.A., has been 
appointed a director of the Brightside Foundry and Engi- 
neering Company, Limited, Newhall-road, Attercliffe, 
Sheffield, 9. 

Mr. S. WILLIAMS has been appointed signal and tele- 
communications engineer, London Midland Region, 
British Railways, as from July 1. 

Mr. R. Cectn SMART, M.C., M.I.Min.E., A.M.I.Mech.E., 
has removed to Shaftesbury Buildings, 61, Station- 
street, Birmingham, 5. (Telephone: Mid. 0237.) 

Mr. D. HaRRISON has been appointed to the board of 
Morris Motors, Limited, Cowley, Oxfordshire, and will 
act as director of all the Nuffield sales activities. 

Mr. R. E. WARDLAW, 90, Brackenbrae-avenue, Bishop- 
briggs, Glasgow, has been appointed sales engineer for 
Scotland, Northern Ireland and Eire, of Turbine Gears 
Limited, Cheadle Heath, Stockport, one of the companies 
of the Simon Engineering Group. 

Messrs. Davip BROWN AND Sons (HUDDERSFIELD), 
LIMITED, Huddersfield, announce that their J.ondon 
office is moving to new premises on the ground floor of 
Bush House, Aldwych, London, W.C.2, on July 31. 
(Telephone : TEMple Bar 0867-8-9.) 

The section of the BOARD OF TRADE EXPORT LICENSING 
BRANCH, hitherto located at 4, Fenchurch-avenue, will 
be removed as from August 3, to Regis House, King 
William-street, London, E.C.4. (Telephone: AVEnue 
3111.) The headquarters of the branch will remain at 
their present address: Stafford House, King William- 
street, London, E.C.4. (Telephone: MANsion House 
4555.) 

As from September 1, the address of the SPERRY 
GyRoscoPpE COMPANY, LIMITED, branch office in Liver- 
pool will be Empire Buildings, Fazakerley-street, Liver- 
pool, 3. (Telephone : Central 2688.) 


THE BRITISH CORPORATION REGISTER OF SHIPPING 
AND AIRCRAFT, 14, Blythswood-square, Glasgow, C.2, 
announce the following changes on their Canadian 
Committee : Mr. C. C. LAWES has been appointed vice- 
chairman (Montreal and Maritime Provinces) in succes- 
sion to Mr. R. A. CAMPBELL, who, however, retains his 
seat on the Committee. Mr. M. G. ANGus and Mr. A. 
LUDGER SIMARD have been elected to the Committee, 
the latter in place of Mr. J. EpouarRD SIMARD. 

MEssRs. JOHNSON AND PHILLIPS, LimiTEeD, Victoria- 
way, Charlton, London, S8.E.7, in conjuoction with their 
subsidiary company, MESSRS. BRITISH NATIONAL ELEC- 
TRICS, LIMITED, which bandles their domestic appliances, 
have opened a branch at 41, Pilcher-gate, Nottingham, 








to serve their interests in the East Midlands area. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—Steelworks reached a high level of 
production before the Fair Holiday started last week, 
and the effort indicates that makers’ obligations will be 
honoured. Production for the first six months of the 
year has been estimated at an annual rate of some 
2,200,000 tons, as compared with just over 2,000,000 
tons expected to be made towards the national target. 
A very heavy repairs programme is being tackled this 
week, and it may not be completed in all cases until a 
week after the resumption of work. Whether outputs 
will then be maintained at the previous level until the 
end of the year will depend largely on the availability of 
smelting materials. Just before the close down, scrap 
deliveries were slightly improved. There is little firm 
evidence that recent steel outputs were meeting general 
requirements, and although the stringency has been 
less acute in places, the industry is still struggling to 
meet the heavy demand in several directions ; for exam- 
ple, engineering rounds, Gothic bars for wiredrawing, 
and small-section bars for the manufacture of component 
items are very scarce. Tube-makers were very busy up 
to the shut down for the Fair. Steady progress has been 
made with the large new tube mill at Clydesdale Works, 
and it is expected that it will go into production next 
month as planned ; excavation work has been started 
on the site of a new tube mill at Tollcross Works. 


Scottish Coal.—Until the pits closed on Friday, pro- 
duction was well maintained in Fife and Central West 
areas last week, but in Central East and parts of Ayrsbire 
attendances were inclined to fal] away. Supplies, how- 
ever, were adequate, for a satisfactory distribution 
against normal allocations, while additional coal for 
users not closing down was also provided. For the first 
occasion for years, coke-ovens were amply supplied for 
the holidays. In the week ended July 10, outputs 
declined to 422,000 tons, owing to the loss of the Lothian 
production. After a mediocre start at the beginning of 
last week, attendances in the area improved and outputs 
were running freely again. The inadequacy of graded 
fuel is giving rise to anxiety among many consumers in 
search of maximum combustion efficiency, but although 
steady progress is being made with the scheme for 
increased cleaning capacity, full demands are not likely 
to be met for some time. House-coal merchapts are now 
taking up available tonnages of round coal, delivery of 
which is only slightly below programme ; the railways 
are holding good supplies for holiday traffics. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Supplies of coke have been sufficient 
to satisfy the ironmasters. The local brands of pig-iron 
are in fair supply and steps to increase production are 
well in hand. Steel outputs continue to be bigh, yet 
some grades are in insufficient supply, partly because of 
unsatisfactory methods of allocation. Rolling mills 
and forges have received adequate supplies of slabs and 
billets for current use, but reserves are light. A shortage 
of good-quality coal is anticipated during the winter in 
view of the decision to develop exports of best qualities. 
Manufacturers understand that the system of staggered 
working hours is to be less severe this winter than last. 
The Regional Board of Industry state that during 
December, January and February, the peak electricity 
load will be reduced by 20 per cent., compared with 
334 per cent. last winter. It has not been decided yet 
what load-spreading will be necessary for October, 
November and March. Shifts at awkward hours will be 
avoided if possible. Some tool factories are not quite so 
busy as they were, largely on account of some diminution 
in the export demand. Orders have been canvelled, ip 
some cases owing to over-ordering. 


South Yorkshire Coal Trade.—The demand is strong, 
and supplies are shorter owing to holidays. In one week, 
holidays at five pits caused a loss of 50,000 tons of coal. 
In Yorkshire, 57 collieries will be idle in the week com- 
mencing next Monday, in consequence of annual holidays. 
Large steams are in very short supply, owing to the 
direction of bigger quantities to the export market. 
Coking coal is in fair supply, and the make of coke has 
improved a little. House coal is quiet, but gas coal is 
keenly sought after for stocking. 





ZIRCONTUM HYDRIDE OF BRITISH MANUFACTURE.— 
Messrs. Murex Limited, Rainham, Essex, have announced 
that they are now producing zirconium hydride, which 
previously had to be imported from the United States. 
The material is made in powder form and contains about 
98 per cent. of zirconium, the balance being mainly 
hydrogen. Messrs. Murex expect to be able to satisfy 
the domestic demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


. MIDDLESBROUGH, Wednesday. 
General Situation.—North-East Coast iron and steel- 
producing firms are keeping their plants operating at 
high pressure, but the enormous tonnage output does 
not fully cover current needs, and both home and overseas 
customers are pressing for larger parcels than they are 
receiving. Ample supplies of imported high-grade iron 
ore are reaching consuming works, but the output of 
the Cleveland ironstone mines is still on a very dis- 
appointing scale. The heavy transport charges on 
imported ores increases the demand for larger supplies 
of local ironstone. The shortage of iron and steel scrap 
is still acute, and the demand for pig-iron is much larger 
than makers and merchants can meet. The outputs of 
semi-finished and finished commodities are taken up 
rapidly as soon as they become available. 

Foundry and Basic Iron.—Foundry pig-iron is urgently 
needed in much larger quantities than are available. The 
shortage, coupled with the scarcity of scrap, continues 
to hamper operations at consuming plants, but founders 
are turning out a lot of work and hope to reach the bigh 
tonnage target output for castings over the whole of 
the year. Basic-iron production is moving promptly 
into use at the maker’s own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East 
Coast bematite firms are sending their regular customers 
enough tonnage for urgent current needs, but bav2 no 
surplus to spare for stocking or other purposes. Outputs 
of low- and medium-phospbr rus grades of iron are in 
steady demand. The manufacture of refined iron is 
ample for the user’s requirements. 

Manufactured Iron and Steel.—Finished-iron and steel 
plants are operating at as high a pressure as possible 
in an endeavour to keep pace with their heavy delivery 
obligations. Shipbuilding material is extensively specified, 
and there is a wide demand for all classes of constructural 
stee). Supplies of semi-finished steel are improving 
slowly, but re-rollers continue to call for larger parcels 
of some commodities than are coming forward. Deli- 
veries of both home and imported billets are bett2r than 
they have been for some time, and sheet makers are 
now well provided with slabs. Strip and wire products 
are in strong request. Features of the export trade are 
the sustained demand for pipes for toe oil lines in the 
Middle East and the call for increased quantities of light 
sheets, plates and railway requisites. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

Welsh Coal Trade.—Details made available during the 
week concerning the extra charges to be made in respect 
of some of the better grades for delivery to inland con- 
sumers had been anticipated and caused no surprise. 
A development that has caused some disappointment 
on the market during the weck has been the reduction 
in demand from Italy and France, both of which have 
been showing increased activity. In the case of Italy. 
allocations for the current month were in the region of 
40,000 tons, but these buyers have been showing little 
interest in respect of forward deliveries. It is understood 
that the reason for this is that they are anxious to dispose 
of the very substantial stocks of American coals they bave 
on hand. In the case of France, orders for shipping to 
lift cargoes from South Wales have been withdrawn. 
It was understood that ships already loading, or fixed 
to load, would proceed according to schedule, but that 
further business was suspended. The cause was reported 
to be difficulties regarding payments. France has been 
receiving between 40,000 and 45,000 tons of Welsh coals 
in recent months. It is confidently expected that the 
present difficulties will be quickly overcome. Trading 
with Spain and South America has been on a brisker 
scale in the past week. Very little fresh business could 
be arranged for early delivery owing to the scarcity of 
supplies, and the position is not expected to improve 
during the next month or so, in view of the fact that the 
miners’ holidays will cause the closing down of various 
parts of the coalfield. The inland trade remained brisk 
and outputs of all the better grades are well sold to 
the principal consumers for some time. Ordinary indus- 
trial consumers are also anxious to obtain supplies. 
Bunker coals are in steady request both for the local 
ports and for the principal foreign coaling stations. 
Patent fuel and cokes are only very sparingly available 
for early delivery. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, the demand for tin-plates was well maintained 
and the sales for several days of the week, in the aggre- 
gate, exceeding the week’s production. In the export 
market, more active conditions ruled, and a satisfactory 
number of orders were booked. Steel sheets continue to 
be sought after, and orders for early delivery cannot be 
placed easily. Iron and steel scrap of all descriptions is 





in insistent demand. 


CATALOGUES. 


Rotary Coal and Stone Boring Bits.—Messrs. Arthur 
Balfour and Company, Limited, Capital Steel Works, 
Sheffield, 3, have sent us an illustrated catalogue describ- 
ing their rotary coal and stone boring bits tipped with 
their metallic-carbide hard metal ‘“‘ Balfalloy.” 


Radio Equipment.—tThree leaflets recently issued by 
Marconi’s Wireless Telegraph Company, Limited, Marconi 
House, Chelmsford, deal with their very high frequency 
direction finder with remote control and presentation ; 
with their A.C.P.T.8 valve, which is designed for use as a 
high-frequency power amplifier and oscillator ; and with 
the various types of equipment made by them for sound 
and television broadcasting. 


Fuse-Switch for Machine Tools.—Brookbirst Switch- 
gear, Northgate Works, Chester, have published a leaflet 
describing their 15-ampere fuse-switch for cavity mount- 
ing on machine tools. The switch element of this 
apparatus is of the quick make-and-break type and 
embodies a re-wirable fuse, access to which is obtainable 
by removing one screw. The fuse carrier can be with- 
drawn only when the switch is in the “‘ off ” position. 


Heavy Engineering.—An indication of the principal 
products of Messrs. Davy and United Engineering 
Company, Limited, Park Iron Works, Sheffield, and their 
subsidiary companies, is given in a booklet issued recently 
by the firm. The illustrations and descriptive matter 
relate to blooming, slabbing, plate, rail, structural, 
merchant-bar, cold-strip and other types of rolling 
mills, forging presses, steam forging hammers, sugar 
machinery and other plant. 


Light-Alloy Castings.—Two illustrated booklets have 
some to hand from High Duty Alloys, Limited, 89, Buck- 
ingham-avenue, Slough, Buckinghamshire. One deals 
with aircraft castings in Hiduminium (aluminium) and 
Magnuminium (magnesium) alloys, and the other with 
commercial castings in Hiduminium alloys. They 
contain numerous reproductions of photographs of 
finished castings, and, in all cases, the main dimensions, 
weight and other characteristics are given. 


Broadcasting and Televisi Equip t..- Marconi’s 
Wireless Telegraph Company, Limited, Chelmsford, have 
published a pamphlet recording recent developments in 
the apparatus they are manufacturing for broadcasting 
and television purposes. These include frequency- 
modulated and amplitude-modulated transmitters, ‘“‘ am- 
phiphase ” modulation, high-stability drives and fre- 
quency-modulated crystals. The new sound and vision 
transmitters for the television service, with their moni- 
toring and studio equipment, are also described. 


Copying Lathe—A lathe which will automatically 
turn a shaft with variations in section throughout its 
length is described in a booklet received from Messrs. 
Soag Machine Tools, Limited, Juxon-street, Lambeth, 
London, S.E.11. The firm are agents for the manu- 
facturers, the American Tool Works Company, Cincinnati, 
Ohio, U.S.A. A template, or a shaft of the required 
shape, is placed in a special holder in the lathe, and the 
movement of the cutting tool is controlled hydraulically 
by a stylus bearing on the template. The lathe saddle 
nermally moves continuously along the bed, and the 
movement of the tool is corrected for turning shoulders, 
recesses, etc., by the top slide, which is set at an angle of 
45 deg. to provide both longitudinal and transverse 
movements simultaneously. 








CONTRACTS. 


Messrs. ASHMORE, BENSON, PEASE AND COMPANY, 
LIMITED, Stockton-on-Tees, have received an order from 
the South African Iron and Steel Industrial Corporation, 
Limited, for a blast furnace to be erected at Vanderbijl 
Park, near Vereeniging, South Africa. The furnace will 
have a production capacity of 850 tons a day. 

Messrs. BRITISH POLAR ENGINES, LIMITED, Helen- 
street, Govan, Glasgow, have obtained a contract from 
the North of Scotland Hydro-Electric Board, for the ten 
1,000-kW and six 300-kW Diesel engines to drive alter- 
nators manufactured by Messrs. Bruce Peebles and 
Company, Limited, Edinburgh. These sets will be used 
to generate electricity in places such as Lerwick, Kirk- 
wall, Wick, Campbeltown, Stornoway, Dunoon, Ardri- 
shaig, Tiree, Islay, Ullapool and South Uist, where 
hydro-electric power cannot be made available. 

MESSRS. ASSOCIATED BRITISH OIL ENGINES LIMITED, 
Duke’s-court, 32, Duke-street, London, S.W.1, have 
secured a contract from the Barbados Electric Supply 
Corporation, Limited, for a Diesel-electric generating set 
to be installed at the Corporation’s power station at 
Bridgetown, Barbados. The-set will comprise an eight- 
cylinder supercharged “‘ HF BT 8 ” Diesel engine develop- 
ing 1,329 brake horse-power at 375 r.p.m., manufactured 
by MESSRS. MIRRLEES, BICKERTON AND Day, LIMITED, 
Stockport, coupled to an alternator developing 900 kW, 
1,125 kVA at 3,300 volts, three phase, 50 cycles, built by 
the BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, 





Loughborough. 
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‘THE REPORT OF THE 
NATIONAL COAL BOARD. 


As was recorded briefly on page 63, ante, the 
annual report of the National Coal Board for the 
year 1947 was presented to Parliament on Tuesday, 
July 13, by the Minister of Fuel and Power (the Rt. 
Hon. Hugh Gaitskell, C.B.E., M.P.). In no respect 
can it be regarded with any approach to complac- 
ency, since it showed a loss on the year’s working 
of some 23,250,0001., while the saleable output 
of deep-mined coal fell short of the target figure by 
several million tons. The effect of introducing the 
five-day week, of which such beneficial results had 
been hoped, was Officially described as ‘‘ disappoint- 
ing.” Up to the time of its introduction, the output 
since the beginning of the year had totalled 65 
million tons, leaving 125 million tons to be raised 
during the remainder of the year—an average of 
rather more than 3-9 million tons per week ; but this 
weekly output was not achieved, and in one week, 
following the Whitsun holiday, it fell to below three 
million tons. “‘ Unofficial ” disputes were numerous 
—1,635 in all, compared with 1,329 in the previous 
year—and resulted in an estimated loss of 1,652,000 
tons. Absenteeism continued to be serious, so that, 
although there was some improvement in the output 
per man-shift, and the numbers employed showed a 
net increase of 26,000, it was necessary to extend 
the hours of working towards the close of the year. 

The ramifications of the Board’s financial affairs 
are such that it must be difficult for any ordinary 
member of the public to arrive at a clear impression 
of their nature and extent, or to decide how far, if at 
all, the Board should be held to blame for the very 
considerable loss recorded. By the terms of the 
Act under which they were appointed, the Board 
were required to make the coal-mining industry pay 
its way, taking one year with another ; but the Act 
did not specify the number of years that might be 
taken thus, one with another, and, in effect, the 
only compulsion upon them at any particular time 
is the state of the export market. As the report 
states, ‘‘In the long run, the nation’s ability to 
export coal in quantity will depend on price ; and 








as coal prices enter into the costs of production of 
other British industries their capacity to export 
also depends on cheap coal.” Up to a point, the 
export market in coal might be subsidised by 
increasing the cost to the home consumer; but, as 
the above quotation indicates, the amount of this 
increase that can be passed on to the home industrial 
consumer is limited by the same considerations that 
restrict in¢reases in the price of exported coal, so 
that the domestic consumer is much more likely 
to have this added burden to face. The question 
arises, therefore, to what extent the domestic market 
can be expected to subsidise the coal industry in 
order that the Board’s accounts may balance. To 
that question it is not easy to find even an 
approximate answer. 

Examining the report in detail, it is possible to 
feel a good deal of sympathy for the members of the 
Board ; their task is not one to be envied. They 
number nine in all, including the chairman, Lord 
Hyndley, formerly chairman, for 15 years, of Powell- 
Duffryn, Limited. The other members on January 
1, 1947—the “‘ vesting date ’” when the nationalisa- 
tion of the mines took effect—were Sir Arthur 
Street, who had held a number of high secretarial 
and other Government posts ; Lord Citrine, most of 
whose life has been spent in trade-union organisation 
and who resigned from the Board in May, 1947, 
on his appointment as chairman of the British 
Electricity Authority ; Mr. Ebby Edwards, formerly 
president and afterwards, for 14 years, secretary 
of the Mineworkers’ Federation ; Sir Charles Ellis, 
F.R.S., sometime Professor of Physics at King’s 
College, London, and subsequently a scientific advi- 
ser to the Ministry of Supply and the Ministry of 
Works; Mr. J. C. Gridley, the marketing member ; 
Mr. L. H. H. Lowe, a chartered accountant of 
considerable industrial experience who was, for 
four years, Director of Finance in the Ministry of 
Fuel and Power ; Sir Charles Reid, a mining engineer 
who was general manager of the Fife Coal Company 
before joining the same Ministry in 1942, and who 
was chairman of the committee which drew up 
the Reid Report; and Mr. T. E. B. Young, formerly 
managing director of the Bolsover Colliery Company. 

It will be seen, therefore, that the members of the 
Board, considered on the basis of their individual 
and collective experience of the coal-mining industry 
and of administrative affairs, formed a strong team 
from the outset; probably as good a directive 
personnel as could have been selected by any means 
or by any other Government. If, in the event, the 
operation of the industry during its first year of 
completely national ownership has been unsatis- 
factory from the point of view of production and, 
from that of finance, almost disastrous, it is reason- 
ably certain that no other body of men could have 
done much better and that—as Mr. Shinwell 
practically admitted some months ago in a moment 
of candid revelation—the magnitude of the under- 
taking was much greater than had been foreseen. 
To say now that it should have been foreseen does 
not help matters, however true that may be— 
and some of the probable effects of nationalisation 
were surely obvious enough, well in advance. The 
fact is that the Board were given a virtually imposs- 
ible task if it was ever expected that, in their first 
year of office, they would both attain their target 
output and do so without a material increase in the 
cost of the coal. 

The Board, as such, were in no way responsible 
for nationalising the industry, though some of the 
individual members may have contributed, in past 
years, towards bringing about a situation which 
eventually forced the issue of nationalisation. If, 
by ordinary business processes, it had come about 
that the whole of the mines had passed into the 
ownership of a single privately-owned company, and 
all at the same time, most of the difficulties that 
have been encountered would have been present, 
and in much the same form, and it is fairly certain 
that the result again would have been financially 
calamitous; but it is equally safe to say that no 
company would have undertaken anything so 
fraught with financial calamity. They would have 
proceeded by stages, consolidating the position at 
each stage before going on to the next, and meeting 
the costs of the successive moves and reorganisa- 
tions out of revenue as far as possible. The adminis- 
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trative organisation would have grown up naturally, 
expanding here as the need became evident and 
becoming simplified there as opportunities for 
simplification presented themselves. No such com- 
mercial undertaking would have begun operations 
by creating an entirely new form of administration 
over the whole of its properties at once, designed 
on Civil Service lines and inevitably resulting in a 
multiplication of paper-work. This state of affairs 
would seem to be inherent in any scheme of nationali- 
sation, and is one of the chief practical objections 
to the principle. Paper-work tends to increase in 
almost any large industrial undertaking; but it 
can be countered more easily in a commercial 
business, if only because those who are in a 
position to demand statistical returns are fewer 
and, as a rule, better informed than the in- 
quisitors of a nationalised industry.. 

Not the least interesting section of the report is 
that dealing with the problem of dirty coal. ‘“‘ The 
Board estimate,” it is stated, “‘ that the percentage 
of incombustible matter in the coal is about 10 per 
cent. of the total output”; but of this about 
4} per cent. is inherent and cannot be removed 
until the coal is burned. The balance—‘‘ ‘free ’ 
dirt which could theoretically be removed ”’— 
amounts to some 10 million tons per annum. It is 
suggested that, from the point of view of many 
consumers, the removal of this ash would be unde- 
sirable, because their boilers were designed to burn 
coal with a fairly high percentage of ash. This 
argument, to say the least, appears to rest on rather 
insecure premises and to resemble, in essence, the 
reason that we have heard put forward, not so long 
ago, for the failure of London Transport to restore 
the later suburban train services that were customary 
before the war—that the late trains are not neces- 
sary, because theatres, etc., close earlier than they 
did in pre-war days. The fact is that the theatres 
were obliged to close earlier because the late trains 
were discontinued ; and power-station boilers must 
be designed to burn dirty coal because dependable 
supplies of clean coal are not to be had. 

Admittedly, as the report points out, the quality 
of coal cannot be considered apart from its price, 
and many consumers would willingly accept a 
high ash content if the high-ash coal were cheap 
enough. The problem therefore becomes one of 
comparing the cost of handling, firing and subse- 
quently removing and disposing of 10 million tons 
of incombustible matter with the cost of washing 
or otherwise cleaning the coal at the pithead. 
Bearing in mind the present-day costs of transport, 
and of boiler cleaning, the indications are that the 
price differential which the Board propose to intro- 
duce in due course, as a part solution of the problem 
of dirty coal, will have to be a considerable one 
if ever the total quantity of coal raised is sufficient 
to allow consumers the freedom of choice that they 
enjoyed in former years. Here, however, another 
problem arises. In a freely competitive industry, 
a surplus of saleable coal is always a possibility 
as an outcome of the competition for markets— 
in short, the markets control the industry; but a 
nationalised industry is in a position to ccntrol at 
least its domestic market, and even to force it to 
pay a higher price for an inferior quality in order to 
subsidise the export market. 

In a statement by Lord Hyndley which was issued 
simultaneously with the report, it is claimed, with 
some justice, that the report is “full and frank ” 
but the general impression that it leaves is one of 
defensiveness, as though the Board realise only too 
well the difficulties in their path and the numerous 
“ifs” and “ buts ” which stand in the way of any 
real solution of them. For our own part, we shall 
be pleasantly surprised if the nationalised industry 
is ever able to supply all the coal that the country 
can use, at any less average price than the market 
is paying already. Apart from the fact that coal 
is a diminishing asset, the quality of which must 
deteriorate as the good and easily-won seams are 
worked out, any general improvement in the 
standard of living must affect recruitment to the 
industry. That problem is becoming more acute 
all over the world wherever coal is mined and must 
enforce, in time, drastic reductions in consump- 
tion, and economic changes, which even the Mine- 
workers’ Federation will be powerless to prevent. 
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SCIENTIFIC INFORMATION. 


THE difficulties facing anyone who wishes to 
keep in touch with development in some branch of 
science have been the subject of discussion for many 
years. The results obtained, and the speculations 
made, by scientists who are distributed throughout 
the world are recorded in publications of various 
kinds, but the number of these is so vast that the 
individual worker could not possibly study them 
all, even if he could obtain them. Various esti- 
mates of the total number of scientific journals in 
existence have been made, although those respon- 
sible for such enumerations seldom define what 
they mean by a “scientific journal.” It may be 
asserted with reasonable confidence that most 
scientific workers attempt to follow progress in 
their particular fields by reading, or at least looking 
over, various selected scientific publications and by 
consulting abstract journals. Many of those who 
contend that under present conditions scientists 
are not able to keep in touch with the work of 
others believe that a satisfactory solution of the 
difficulty would lie in extension of the fields now 
covered by abstract journals and particularly in 
the co-ordination of the various existing abstracting 
services. An international organisation has even 
been suggested ; this would arrange for the abstract- 
ing of all scientific articles, each country dealing 
with its own publications and exchanging copies of 
its abstracts with all others. One of the weaknesses 
of this proposal is that it is based on the assumption 
that an abstract of an article is a specific and 
determined thing and that once it has been pre- 
pared it will meet the needs of all workers. This 
notion is false; an article may have many facets, 


and a specialised abstracting service may be inter- 


ested in only one. Its abstract will deal with this | 


aspect of the article and will not concern itself 
with others which may constitute the main interest 
of services catering for different types of users. 

It is possible that an abstract couched in such 
general terms that it may be said to appeal to any- 
body may indicate to a scientific worker that a 
certain article may contain information bearing on 
his specialised field, but so many other “ general- 
term” abstracts will do the same thing that the 
number of articles which it might be desirable to 
consult will be so great that the service rendered 
to the worker becomes of little value. It is the 
particular business-of specialised services to indicate 
to a scientist what particular articles contain new 
material, or valuable comment, bearing on his 
particular line of work. The purpose of the informa- 
tion departments maintained in connection with 
research laboratories is the same. They examine 
technical and scientific literature and draw the 
attention of the laboratory staff to any articles of 
importance which bear on work in hand. This 
specialised and selective service is not rendered by 
any centralised service, and never will be. 

It is at times contended that a serious effect of 
present conditions is that scientific workers may 
embark on a research which has already been 
undertaken by someone else, of whose results, 
owing to inadequate documentation, they have 
never heard. The disadvantage of this possibility, 
however, is usually slight, and frequently imag- 
inary. In general, it will be of value for a 
problem of importance to be tackled by inde- 
pendent and dissociated workers. Their results are 
not likely to be identical and even if they are, 
different minds may well see different implications 
in what has been discovered. Duplication will 
usually be of value, and not a waste of time. An 
interesting evaluation of the present position might 
be given if a return could be obtained of the number 
of scientific men of standing who would admit that 
they are not in touch with the developments in 
their particular fields owing to imperfect informa- 
tion services ; the number would probably be nil. 

These perhaps somewhat acerbic remarks are 
not intended to suggest that present arrangements 
for the dissemination of scientific information are 
satisfactory and that attempts to improve them are 
unnecessary. It is likely that although leading 
scientists would contend that they are in touch 
with all important progress bearing on their work, 
they would say, at the same time, that improved 


documentation services would greatly facilitate 
their work, and the Royal Society was fully justified 
in arranging for the Conference on Scientific Informa. 
tion Services, which took place in London from 
June 21 to July 2, committee meetings being held 
at Burlington House and plenary sessions at the 
Royal Institution. 

A total of sixteen working parties was appointed 
to consider the general subject under four main 
heads: preparation and publication of original 
work; abstracting services; indexing and other 
library services ; and reviews and annual reports, 
The working parties made recommendations which 
were submitted to the plenary sessions. Those 
relating to reviews were few and mainly drew atten- 
tion to their importance ; more suggestions were 
made in connection with indexing and abstracting, 
Encouragement of the training and recognition 
of the value of the work of indexing and abstracting 
specialists was asked for, and stress was laid on the 
importance of the work of “editors, referees and 
those handling papers in draft form, including the 
heads of departments in the universities and tech- 
nical colleges and the directors of Government 
laboratories, research associations and industrial 
laboratories.” 

The effect of any recommendations which the 
Council of the Royal Society may choose to adopt 
is not likely to be restricted to primary research 
and may well extend to the field of application. 
It is therefore disappointing to find that although 
the training of authors in lay-out and expression is 
recommended, nothing is said about means to this 
end. It is widely held that the engineering student 
is already overburdened with subjects, but Univer- 
sity College, London, has managed to add “ The 
Presentation of Technical Information” to its 
engineering syllabus. It is perhaps not fully realised 
that proficiency in written expression saves the 
student time in his general studies and brings 
_advantages in accordance with a law of increasing 
returns. Apart from various expressions of pious 

hope, some practical suggestions were made. 

| These included the establishment of agencies with 
special typing facilities to help in the preparation 
of papers which were to be produced by lithography 
and photography, and extension of the practice of 
the Institution of Electrical Engineers and other 
technical bodies of issuing copies of papers before 
they were read, on the understanding that final 
revision might be made later. 

A plea was made for a special effort to save time 
at all stages in order ‘“‘to avoid the psychological 
effect of dilatoriness on those involved in the chain 
of publication.” This may or may not be an 
admission that many scientific workers are reluctant 
to pass a proof without adding something of their 
own to it. The naive suggestion that “those 
responsible for appointments, promotions, the award 
of grants and so forth ” should be discouraged from 
using the length of candidates’ writing as a measure 
of merit, hardly indicates confidence in the judgment 
of ‘‘those responsible.” The statement that a 
reduction in the number of journals a given scientist 
must read was compatible with an increase in the 
number available for all who might want to read 
was appreciated as an epigram, but it is not clear 
that it means anything in practical terms. 

At an early stage of the conference, Sir Alfred 
Egerton who, with Sir Edward Salisbury, acted as 
vice-chairmen, asked that definite findings on which 
the Royal Society could take action should be 
arrived at. In the result, the recommendations 
were so numerous and extensive that the President, 
Sir Robert Robinson, had to make it clear that any 
practical action depended on access to funds which, 
at present, did not exist. A delegate from the 
United States stated that those whom he represented 
would be prepared to share in the cost of a pro- 
gramme and raised the question of the effect of 
rising charges on scientific publication when no 
provision for publication costs is included in the 
allocation of funds for a project. It had been 
earlier declared that authors should not be asked 
to pay for the cost of publication, but the cost of 
preparing typescripts and illustrations has increased 
seriously and bears heavily on authors and may 
hamper or prevent the results of original work 
becoming generally available. 
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NOTES. 


Bririsp Crviz AVIATION. 


Tue keen expectation with which the Govern- 
ment’s promised, statement on civil aviation had 
been awaited in both Houses of Parliament, and by 
those members of the public who have been watching 
the varying fortunes of the three British air corpora- 
tions, proved to be fully justified when the statement 
was made on July 21; by Lord Pakenham, the 
Minister of Civil Aviation, in uhe House of Lords, 
and more briefly in the House of Commons by Mr. 
G. 8. Lindgren, the Parliamentary Secretary to the 
Ministry of Civil Aviation. Lord Swinton provided 
the necessary opening in the House of Lords with 
a series of questions regarding the choice of aircraft 
for the Commonwealth routes, and ‘‘ moved for 
papers.” Reviewing first the finances of the three 
air corporations, Lord Pakenham, in bis reply, said 
that the total losses for 1947-48 would be slightly 
greater than in the previous year, when they had 
amounted to 10,300,0001. Both the British Over- 
seas Airways Corporation and British South Ameri- 
can Airways were facing intense and growing com- 
petition, and were at a disadvantage in having to 
operate converted military types of aircraft while 
the foreign airlines were using modern commercial 
types. Unless drastic action was taken, they 
would not even begin to overcome their troubles 
until 1950, when the British Handley-Page Hermes 
machines, of which 25 had been ordered, would enter 
into service ; and the really post-war types of British 
aircraft would not be available before 1953. The 
Government had decided to support British South 
American Airways in their programme for long- 
range services, based upon the Saunders-Roe flying 
boat, the first of which was expected to be under 
test in 1951. Three were on order, and would go 
into service in 1953, making the passage from the 
United Kingdom to Buenos Aires in 26 hours, and 
it was proposed to build a further four. The 
Bristol Brabazon, and other new types by other 
builders, were in hand and work on them was being 
pressed forward ; in all, the British air corporacions 
had on order from British constructors about 100 
new civil aircraft, to the value of about 25,000,0001. 
Meanwhile, however, the air transport services were 
“faced with a black prospect over the next four or 
five years”’; by 1953, if the present circumstances 
continued, the losses of the corporations would have 
exceeded greatly the subsidies voted to them by 
Parliament and the British flag might be driven off 
the world air routes, many of which Britain had 
pioneered. Since 1943, hopes had been centred on 
the Tudor aircraft. The Tudor IV was “a tried 
and proved aircraft,” but the Tudor II was a great 
disappointment ; they had hoped to have it in 
service in 1946, but it was still not ready and no 
estimate could be made of the time required to 
effect the further modifications to this design which 
had proved to be necessary. The Government had 
come to the conclusion, therefore, that the Tudor II 
as such must be abandoned and, after careful inves- 
tigation, they had decided to authorise the purchase 
by the British Overseas Airways Corporation of 
22 Canadair IV aircraft, to be built at Montreal and 
powered with Rolls-Royce Merlin engines, built at 
Derby. The Canadair IV, Lord Pakenham ex- 
plained, was a pressurised aircraft with full air- 
conditioning equipment, carrying 40 passengers, 
and was the latest and improved version of the 
Canadair ‘“‘ North Star” type, which had proved 
very successful on the North Atlantic services 
operated by Trans-Canadian Airlines. Of the 22 


new aircraft, 15 would be placed on the routes to. 


India and the Middle East, and seven on the North 
Atlantic route to Canada. Of the Tudor II aircraft 
under construction or completed, ten would be 
converted for freight service, retaining their pres- 
surising equipment, and others would be required 
by the Ministry of Supply for research purposes ; 
probably at least 24 of this type would eventually 
find useful employment, so that the work put into 
its development would not be entirely wasted. 
Economically, however, Lord Pakenham said in 
conclusion, the future of civil aviation was still 
obscure. Much depended on international politics 
and world economic recovery, and on the extent to 





which nations were prepared to subsidise airlines, 
but it seemed certain that, over the next decade, 
there would be an enormous increase in the amount 
of travel by air. 


R.M.S. “‘ Pretoria Caste.” 


The latest addition to the fleet of the Union-Castle 
Mail Steamship Company, Limited, the R.M.S. 
Pretoria Castle, left Southampton yesterday on her 
maiden voyage to South Africa. The Pretoria 
Castle was launched on August 19, 1947, by Mrs. 
Smuts, the ceremony being performed by radio- 
telephony from the home of Field Marshal Smuts 
at Irene, near Pretoria. In general outline, the 
Pretoria Castle resembles the Capetown Castle but 
a taller streamlined funnel distinguishes her from 
that ship. The vessel was built by Messrs. Harland 
and Wolff, Limited, Belfast, and has an overall 
length of 749 ft., a moulded breadth of 83 ft. 6 in. 
and a gross tonnage of 28,705 tons. The propelling 
machinery was constructed by the builders and 
consists of two sets of Parsons double-reduction 
geared turbines, arranged to drive twin screws. 
Steam for the main engines is supplied by three 
Babcock and Wilcox oil-fired water-tube boilers, 
designed to work at a pressure of 600 lb. per square 
inch at the superheater outlet with a temperature 
of 850 deg. F. The Weir system of regenerative feed- 
heating is employed, the condensate from the main 
condensers passing through four stages of feed 
heating before entering the economisers fitted to 
each boiler. Electric power for the auxiliary ser- 
vices is provided by three turbo-generators manu- 
factured by Messrs. W. H. Allen, Sons and Company, 
Limited, and two Diesel generators of the builders’ 
** coverless ” design, the latter being used when the 
vessel is in port. The Pretoria Castle is the largest 
ship to enter the South African trade, exceeding by 
some 1,500 tons the tonnage of the Capetown Castle, 
hitherto the largest vessel employed on this service. 
Accommodation is provided for 227 first-class and 
478 cabin-class passengers. The Pretoria Castle is 
equipped also for the carriage of general and refrig- 
erated cargo in seven holds, the spaces allocated, for 
refrigerated cargo having their temperature regulated 
by brine-cooled batteries and air circulation. 


DEVELOPMENT OF DE Havittanp TuRBO-JET 
ENGINES. 


The successful conclusion of the transatlantic 
flight by six de Havilland Vampire fighter aircraft 
marks a significant stage in the development of jet 
aircraft as the flight has demonstrated clearly that 
gas turbines are able to operate for long periods 
with a degree of reliability more commonly asso- 
ciated with conventional piston engines. Further- 
more, the Vampire fighter is fitted with only a 
single Goblin turbo-jet engine and the fact that the 
Royal Air Force were prepared to send these aircraft 
on a flight involving long over-sea stages shows their 
complete confidence in this form of power unit. 
The flight is of particular interest as Messrs. de 
Havilland are engaged at presert on the develop- 
ment of a pure-jet airliner for the North Atlantic 
and other trunk routes. This machine, however, 
will be fitted with four Ghost turbo-jet engines, a 
type of engine similar to the Goblin but developing 
more thrust. Recently the Ghost engine was 
approved by the Air Registration Board for civil 
operation with fare-paying passengers, and is 
believed to be the first turbo-jet engine to attain 
this standard. The type test was run for a period 
of 150 hours and was primarily a test of engine 
durability. The major components of the engine 
which underwent the test, however, had already 
completed several hours’ experimental running and, 
at the conclusion of the test, had completed over 
300 hours running time. Approval has been given 
for the time being at a rating of 4,450 Ib. static 
thrust, with an operating period between overhauls 
of 250 hours, subject, of course, to an agreed 
inspection schedule. The rating, however, is not 
considered of primary importance at present, the 
significant fact being that the engine has been able 
to achieve the high standards set by the Air Regis- 
tration Board. Nevertheless, the rating obtained 
is a creditable achievement, while the authorised 
period between overhauls is an indication of the 
degree of reliability already obtained. 


LETTERS TO THE EDITOR. 


RAILWAY MOTIVE POWER IN THE 
FUTURE. 


To THE Eprror oF ENGINEERING. 

Smr,—The article under the above heading, on 
page 613 of your issue of June 25, provided a good 
and comprehensive discussion of my book on rail- 
road motive power evaluation, but I should like to 
call attention to one or two points. 

On page 614 you comment on gas-turbine possi- 
bilities. When the full text of my book was com- 
pleted, about a year ago, high optimism was being 
expressed in certain informed quarters with respect 
to the adaptation of gas-turbine power plant to rail- 
road use ; but, fully realising at that time the un- 
certainties of the situation, as indicated in your dis- 
cussion presented a year later, I opened the section 
on relative evaluations, on page 64 of the book, with 
the following statement, some portions of which were 
underlined in the original text : “‘ It is admitted and 
emphasised that the following ratings for the gas and, 
steam turbine locomotives are speculative and at 
the present stage are based on design characteristics 
and possibilities only.” 

In the concluding paragraph on the same page, 
some references were included to small-scale experi- 
ments on the locomotive front end, made many 
years ago at the University of Illinois, with the 
suggestion that they still need following up. This is 
true with respect of many railroads of the United 
States, but I would direct your attention to the first 
paragraph at the top of page 14 of the book which 
contains a brief outline and reference to compre- 
hensive full-scale testing, first undertaken for our 
System about eleven years ago, which resulted in 
the rationalisation of the so-called “ Master 
Mechanics ” front end. 

Yours faithfully, 
P. W. KIEFER, 
Chief Engineer, Motive Power and 
Rolling Stock, New York Central 
446, Lexington-avenue, System. 
New York 17, N.Y., U.S.A. 
June 30, 1948. 

[While appreciating the points raised by Mr. Kiefer, 
we do not think that our article would be read to imply 
that he had not emphasised the speculative basis of the 
gas-turbine and steam-turbine locomotive ratings. We 
had not overlooked the passage which he quotes, or the 
reference to the large-scale front-end tests. The 
Illinois experiments were mainly of an empirical nature, 
and the tests to which Mr. Kiefer refers carried them 
to a logical and practical end. We feel, however, that, 
in regard to the fundamental study of smoke-box 
action, the Illinois experiments showed promising possi- 
bilities which, so far as we are aware, have not yet been 
completely developed.—Eb., E.] 





FLOW THROUGH STANDARD 
NOZZLES, ORIFICE PLATES AND 
VENTURI TUBES. 


To THE Eprror or ENGINEERING. 

Sm,—I note that Mr. Neil H. Turner, in his letter 
published on page 40 of your issue of July 9, states 
that I have omitted to mention in my recently 
published book on “Flow Through Standard 
Nozzles, Orifice Plates and Venturi Tubes” the 
British Standard Code B.S. 1042 : 1945 on “ Flow 
Measurement.” The reason for this is that my 
treatise is a critical analysis of the test data derived 
from fundamental researches. I examined the B.S. 
Code thoroughly when it appeared in 1943, but as 
it is an English version of the German Standard 
DIN 1952 (see page 5 in the introduction), which 
has been known since 1930 and is mentioned in my 
book, I consider it unnecessary to refer to it. I 
might add that 52 out of the 54 graphs presented 
in my book are either original or derived from 
German researches and are, with nine tables, not 
incorporated in the B.S. Code. The 116 formule 
I have given are derived from first principles. 

Yours faithfully, 
J. R. FONNIECOME. 

139, Monmouth-drive, 

Sutton Coldfield. 








July 12, 1948. 








88 


ENGINEERING. 





JULY 23, 1948. 








OBITUARY. 


MR. HARRY BREARLEY. 


Tue death of Mr. Harry Brearley, which occurred 
on July 14, in Torquay, where he had made his 
home for a number of years, removes an outstanding 
figure from the ranks of British metallurgists. Mr. 
Brearley, who had been connected for some 33 years 
with Messrs. Brown, Bayley’s Steel Works, Limited, 
Sheffield, and had long served on their board of 
directors, was born in humble circumstances in 
Sheffield in 1871. In 1883, at the early age of 12, 
he entered the works of Messrs. Thos. Firth and 
Sons, Limited, as a cellar boy. In this capacity he 
had to arrange the stands on which the steel-melting 
crucibles were placed in the pit furnaces and to 
skim the slag from the top of the liquid steel when 
it was poured into ingot moulds. Subsequently, he 
was taken on as a junior in the laboratory of the 
firm, then under the charge of James Taylor, and 
possessing an inquiring and retentive mind and a 
capacity for study and hard work, he steadily 
secured promotion. In 1901, he left Thos. Firth 
and Sons in order to start a laboratory for the firm 
of Messrs. Kayser, Ellison and Company, and, a 
year later, published the first edition of his well- 
known text-book, The Analysis of Steelworks 
Materials. Subsequent editions were written in 
collaboration with the late Mr. F. Ibbotson, and 
the book was translated into French and other 
languages. Other works produced by Mr. Brearley 
included The Heat Treatment of Tool Steel, first 
published in 1911, and Ingots and Ingot Moulds, 
written in collaboration with his brother, Mr. Arthur 
W. Brearley, and first published in 1918. An 
autobiography, entitled Knotted String, was pub- 
lished in 1941, and was followed by a further 
volume of reminiscences, entitled Harning a Living. 
Some years after his “semi-retirement,” as he 
termed it, he wrote a confidential history of his 
discovery of stainless steel. This he deposited under 
seal the with Cutler’s Company in Sheffield in 1932, 
with a strict injunction that it was not to be 
opened until 1960. 

In 1904, Messrs. Thos. Firth acquired the Sala- 
mander Works, at Riga, in the Baltic Provinces of 
Russia, and Mr. Brearley was sent out as chief 
of the metallurgical department of the armament 
factory established there by his firm. He did much 
good work and was eventually appointed general 
manager of the works. In 1908, the two Sheffield 
steelmaking companies, John Brown and Company, 
Limited, and Thos. Firth and Sons, Limited, joined 
forces in the foundation of the Brown-Firth Re- 
search Laboratories, a step then regarded as a 
somewhat revolutionary one by many firms. Mr. 
Brearley was appointed director of the new labora- 
tories and gathered round him a number of keen 
research workers. The story of the discovery of 
stainless steel in the laboratories in 1913 has often 
been told, but it may be recalled that it was a 
result of an extensive research on the resistance 
to erosion of various steels intended for making 
rifle and gun barrels. Among the steels examined 
were several containing high percentages of chro- 
mium, and Mr. Brearley noted that, in some cases, 
sections polished for microscopic examination were 
very difficult to etch, and, moreover, that when 
specimens were left lying exposed to the atmosphere 
for long periods no rusting took place. Following 
the matter up, he established that the optimum 
composition of the steel, from the non-tarnishing 
and non-rusting point of view, was carbon, 0-30 per 
cent. and chromium 13 per cent. Sheffield cutlers, 
to whom the advantages of stainless steel were 
first expounded, did not take up the new steel with 
any great enthusiasm and it was largely owing to 
Mr. Brearley’s energy and drive that the material 
was tried out. After some preliminary manufac- 
turing and working difficulties, the value of the new 
steel as a material for cutlery and similar applications 
came to be fully recognised, but shortly afterwards 
the war of 1914-1918 broke out and further research 
was largely shelved until the conclusion of hostilities. 

Mr. Brearley resigned his appointment as director 
of the Brown-Firth Research Laboratories in the 
spring of 1915 and was succeeded by the late Dr. 


W. H. Hatfield, F.R.S. Mr. Brearley joined the 
staff of Messrs. Brown, Bayley’s Steel Works, 
Limited, as works manager, and continued in this 
capacity until the end of the war, when he was 
appointed technical director ; he remained a director 
of the firm until his death. During the latter part of 
his life, Mr. Brearley was engaged on metallurgical 
consulting work of various kinds. He was formerly 
a member of the Institution of Mechanical Engineers 
and also, for some years, of the Institution of 
Automobile Engineers, serving on the Council 
of the latter institution. He joined the Iron 
and Steel Institute in 1905 and was awarded 
the Bessemer Gold Medal in May, 1920, receiving 
it at the hands of the late Dr. J. E. Stead, F.R.S., 
who was President from 1920 to 1922. Mr. Brearley 
was elected a member of the Institute of Metals in 
1919, and—an honour which he valued especially— 
an honorary freeman of the City of Sheffield. 





MR. LAWFORD H. FRY. 


Ir is with much regret that we record the death, 
on July 10, of Mr. Lawford H. Fry, Director of 
Research of the Steam Locomotive Research Insti- 
tute, New York, and an authority of international 
repute on railway motive power. Mr. Fry was 
75 years of age, but was still actively interested in 
the branch of engineering to which he had devoted 
all his working life, as was indicated by the article 
on “‘ Heat Balances for Locomotive Boilers,” which 
he contributed to ENGINEERING little more than a 
year ago. 

Lawford Howard Fry was a Canadian by birth, 
having been born at Richmond, in the Province of 
Quebec, on June 16, 1873; but he was brought to 
England at an early age and received his general 
education at Bedford Grammar School, which he 
attended from 1886 to 1890. He was also an Old 
Centralian, having been a student of the Central 
Technical College in 1892-93 ; but he obtained only 
a part of his technical training there, leaving in the 
latter year for the University of Géttingen and 
subsequently transferring from Géttingen to the 
Technische Hochschule at Hanover. The two years 
between leaving Bedford and entering the Central 
College he spent as an apprentice in the locomotive 
department of the South Eastern and Chatham 
Railway Company’s works at Ashford, Kent, under 
James Stirling, then chief mechanical engineer, 
whose reputation as a martinet almost equalled his 
renown as a locomotive designer. Fry had an 
excellent practical as well as theoretical training, 
therefore, which was enhanced by three years of 
further training under S. M. Vauclain at the Baldwin 
Locomotive Works on the completion of his college 
courses. 

He remained at Philadelphia as Vauclain’s 
assistant for six years, much of which period was 
spent in charge of testing, but in 1905 became the 
Baldwin Company’s technical representative for 
Europe, a position which he held for eight years. 
In 1913, however, he returned to the United States 
to take charge of the metallurgical department of 
the Standard Steel Works at Burnham, Pennsy]- 
vania, and remained there as metallurgical engineer 
until 1930. Subsequently, he joined the Edgewater 
Steel Company, of Pittsburgh, Pennsylvania, an 
appointment which he resigned in 1943 to become 
Director of Research at the Steam Locomotive 
Research Institute, at New York. 

Mr. Fry was a member of a number of American 
and British engineering institutions, to which he 
contributed an extensive range of papers. He was 
a Fellow of the American Society of Mechanical 
Engineers, which awarded him the Worcester Reed 
Warner Medal in 1938 for his “‘ contributions relating 
to improved locomotive design and utilisation of 
better materials in railway equipment.” He was 
also a member of the International Society for 
Testing Materials and served on the executive 
committee of the American Society for Testing 
Materials. In this country, he was a member of 
the Institution of Civil Engineers, the Institution of 
Locomotive Engineers, and the Institution of 
Mechanical Engineers, his candidature for the last- 
named, in 1906, being seconded by Dr. W. H. Maw, 
the then editor of Eneryezrine and himself a 





locomotive engineer by training. During the ensuing 


years, he remained in fairly frequent contact with 
this office, as an author of articles, a contributor of 
“Letters to the Editor” and a personal corre- 
spondent. He presented two papers before the 
Institution of Mechanical Engineers, the first, in 
1908, on ‘Combustion and Heat Balances in 
Locomotives ”— the subject to which he returned 
in the article in our 163rd volume (1947)—and the 
second, in 1927, on ‘‘ Experimental Results from a 
Three-Cylinder Compound Locomotive,” which was 
awarded the T. Bernard Hall Prize in the following 
year. He was also the author of a book entitled 
A Study of the Locomotive Boiler, which was published 
in 1924. 


MR. D. B. HOSEASON. 


WE also regret to record the death of Mr. D. B. 
Hoseason, which occurred on Friday, July 16, as 
the result of a motor-cycle accident two days earlier. 
He was 49 years of age. 

Donald Bright Hoseason was born on January 27, 
1899, and was educated at Borden Grammar School 
and the Sheerness Technical Institute. From 1915 
to 1920 he served a trade apprenticeship with the 
British Westinghouse Electrical and Manufacturing 
Company, Limited, Manchester, and simultaneously 
attended classes at the Manchester School of Tech- 
nology. After serving during the latter part of the 
1914-18 war in the Royal Engineers and the Tank 
Corps, he joined the Metropolitan-Vickers Electrical 
Company, Limited, as a designer of single and 
polyphase motors. From 1922 to 1924, he acted 
as adviser to the works department in connection 
with the change-over of the frequency from 25 cycles 
to 50 cycles per second at Trafford Park; and was 
subsequently engaged on the design of special elec- 
trical machines, such as double squirrel-cage motors, 
phase advancers and high-frequency converters. 
From 1925 to 1928 he was in charge of the sec.ion 
of the motor department which controlled and 
carried out development on all electrical rotating 
machines with capacities up to 250 kW. In the latter 
year, he was appointed chief engineer and depart- 
mental manager of the motor department, a position 
he held until 1940. He then became a Director of 
the Brush Electrical Engineering Company, Limited, 
Loughborough, and was promoted to assistant 
managing director in 1945. He was also director 
of studies at the recently established Administrative 
Staff College, Henley-on-Thames. 

Mr. Hoseason was elected an associate member 
of the Institution of Electrical Engineers in 1923 
and was transferred to the class of members in 1930. 
He was a member of Council from 1942 to 1945, 
and in 1946-47 ; and was serving as a vice-president 
at the time of his death. He was elected an 
associate member of the Institution of Mechanicai 
Engineers in 1932 and transferred to the class of 
members in 1940. He was also a member of the 
American Institute of Electrical Engineers. 

A memorial service is to be held to-day (Friday, 
July 23) at 12 noon in the King’s Chapel of the 
Savoy, Savoy-street, London, W.C.2, when a short 
address will be given by Sir Arthur Fleming. 





EDUCATION FOR MANAGEMENT.—A prospectus, which 
has been issued jointly by the Royal Techoical College, 
Glasgow, and the Glasgow and West of Scotland Commer- 
cial College, gives details of the full and part-time 
courses, which bave been arranged by these two bodies 
during the coming session, to enable young executives 
and supervisors to gain greater benefit from the practical 
experience of their everyday activities in industry and 
commerce. By thus pooling resources it is hoped to 
provide the business community of Scotland with better 
training facilities in management. 





CLEANING SOLDERING IRons.—<Acheson Colloids, 
Limited, 9, Gayfrere-street, London, S.W.1, have called 
our attention to a method of preventing surplus metal 
from accumulating on soldering irons. The method, 
which has been adopted by a large electrical undertaking, 
consists in dipping the warm iron in a mixture of Aqua- 
dag, which is a concentrated dispersion of colloidal 
graphite, with about four parts of water. The thin 
film of graphite thus formed must be removed from the 
tip of the iron before it is again used for soldering, but 
by leaving the film in place on the rest of the iron, the 
subsequent adherence of solder is prevented. Further 
treatment depends on the extent to which the iron is 





used, but is only necessary at infrequent intervals. 
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Fie. 18. Sack Hoist ; THWaITES AGRICULTURAL ENGINEERING CoMPANyY, LIMITED. 


THE ROYAL AGRICULTURAL 
SHOW AT YORK. 


(Continued from page 67.) 


Tue display of implements for use in conjunction 
with four-wheeled tractors was not confined to 
the stands of the various tractor manufacturers. 
The exhibits of the Thwaites Agricultural Engi- 
neering Company, Limited, Welsh-road Works, 
Cubbington, Leamington Spa, for example, included 
a crop mover designed for use with any tractor 
fitted with a rear power take-off. The machine, 
which is known as the Airforce crop mover, is 
illustrated in Fig. 13, on page 84, and, as its 
name implies, it employs a blast of air to collect 
crops such as green grass, etc. The drive from the 
power take-off of the tractor is transmitted to the 
crop mover through a shaft fitted with two universal 





joints. This shaft is connected to a countershaft 
and the fan is driven from the countershaft through 
a chain and sprocket wheels. At a tractor speed 
of 4 miles per hour, the fan rotates at approxi- 


| mately 4,000 r.p.m. and the blast of air generated 


is led to the collecting trough of the machine by 
the circular duct visible in the illustration. The 
crop is fed into the trough by rotating feed fingers, 
the drive for which is taken from the counter- 
shaft through a set of bevel gears; these transfer 
the drive to a cross shaft which drives the axle 
for the feed fingers through a chain and sprocket 
wheels. The frame of the machine is of all-welded 
tubular steel construction and in plan view is 
triangular in shape. The working height of the 
feed fingers is regulated through the landwheels ; 
these are fitted to the ends of trailing arms arranged 
so that they can be swung about their forward 
ends by the operation of built-in screw jacks. 





The machine, however, is not confined to the 
lifting of green crops, as the rectangular delivery 
chute visible in the illustration can be replaced 
by a flexible tube and the machine used as a 
stationary elevator for lifting grain crops into 
silos, etc., the maximum height of lift depending, 
of course, on the type of grain being handled. 
Furthermore, by fitting a swathe board in place of: 
the chute, the machine can be used for turning hay. 
Without the chute, the overall width of the machine 
is 7 ft. while the weight is approximately 9} cwt. 

A machine of a somewhat different character to 
that just described, but using the tractor power 
take-off as its source of power, is the hedge cutter 
illustrated in Fig. 14, on page 84; this was exhi- 
bited by the manufacturers, Messrs. Fisher Hum- 
phries and Company, Limited, Atlas Works, Per- 
shore. The method used for cutting hedges will 
be apparent from the illustration. The large 
rotating disc is fitted with six scimitar-shaped 
knives, and the disc can be set in a vertical, hori- 
zontal or oblique plane, giving an effective cutting 
width of 4 ft. The complete machine is trailed 
behind a tractor and the operator is accommo- 
dated on a square platform situated at the rear. 
The machine is of exceptionally robust construc- 
tion, the frame being formed from channel-section 
structural steel. The drive from the tractor power 
take-off is transmitted to a countershaft on the 
machine through an extension shaft in the usual 
manner. The countershaft transmits the drive 
through sprockets and a chain to a pair of bevel 
wheels located at the base of the telescopic arm 
which supports the cutter head, a safety clutch 
being interposed between the driven sprocket and 
the bevel gears. The telescopic arm is hollow and 
the drive is transmitted through shafting from the 
bevel gears at its base to a further set of bevel 
gearing at the cutter head; this latter gearing, 
however, consists of two sets of bevels, thus enabling 
the cutting disc to adopt any angle between the 
horizontal and vertical planes. The telescopic arm 
is pivoted at its base and its angle is adjusted by 
the counterbalanced parallel linkage which can be 
seen in Fig. 14, the linkage being connected to a 
hand-operated worm and quadrant. The angle of 
the cutting head is set through a crank-arm, the 
end of which is connected to the cutting head by a 
steel rod, the crank-arm being operated by hand- 
driven chain and sprockets and a worm reduction 
gear. The telescopic arm can be extended from 
6 ft. to 9 ft., thus enabling the machine to cut a 
hedge across a ditch. 

Possibly one of the greatest advances made in 
agricultural engineering during recent years is the 
development of beet harvesters. Several types of 
this class of machine were being exhibited, some of 
which have been designed for lifting the beet after 
they have been topped separately while others top 
the beet in addition to lifting them. A good 
example of the former type of machine is illus- 
trated in Fig. 16, on page 84, which shows a beet- 
lifter which was exhibited by the manufacturers, the 
Birtley Company, Limited, Birtley, Co. Durham. The 
machine can be hauled by any type of tractor 
having the requisite power and the beet are lifted 
by the rotary ploughs visible at the front end 
of the machine ; these follow the line of beet and 
exert a wedging action to squeeze them from the 
ground and pass them to the first conveyor. This 
conveys the beet to the elevator and consists of a 
series of transverse steel bars linked together and 
arranged so that they remove much of the soil 
adhering to the beet during their passage to the 
elevator. The elevator lifts the beet and delivers 
them to a second conveyor which can be seen at 
the rear of the machine. This is similar in construc- 
tion to the first conveyor but runs in opposition to 
the falling beet so that any soil still clinging to them 
is removed as they fall against the rising bars of the 
conveyor before they are delivered into a trailer 
drawn behind the machine. The two conveyors 
and the elevator are driven by an 8-h.p. two-cylinder 
petrol engine, the drive being transmitted to the 
various units through a system of chains, sprockets 
and gears. The rotary ploughs are carried by a 
linkage arranged so that the ploughs float, but at 
the same time are adjustable to the best height and 
angle for removing the beet from the ground ; 
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Mositze Grass Dryer; Messrs. S. E. OppERMAN, LimiTED. 


furthermore, the ploughs can be lifted clear of the | consists of undulating rods arranged so that they 
ground for turning at the headlands. The machine | have a cleaning effect on the beet as they pass along 


is carried by two pneumatic-tyred wheels at the 
rear, the stub axles for which are designed so 
that the wheel track can be altered to suit the 
pitch of the rows. When not in use, the forward 
end of the machine is supported by an adjustable 
jack, which facilitates parking and enables the tow- 
ing eye to be brought to the correct height for 
coupling to the tractor. An interesting feature is 
the provision of power take-off shafts; these run 
at 700 and 1,400 r.p.m., respectively, and allow the 
machine to act as a mobile power plant when not 
being used for beet lifting. 

In addition to lifting and cleaning the beet, the 
machine illustrated in Fig. 15, on page 84, also 
removes the tops ; this machine, which is known as 
the John Salmon beet harvester, was exhibited by 
the manufacturers, Messrs. John Salmon Engineer- 
ing Company, Limited, Dunmow, Essex. The 
topping mechanism is suspended from the forward 
end of the main frame by springs, and is arranged 
so that it can rise and fall in accordance with the 
varying height of the beet. The tops are sliced off 
by a single inclined knife which works in conjunction 
with a horizontal dished spider wheel, the spokes 
of which are curved radially. This rides over 
the tops of the beet and has the effect of forcing 
them towards the knife, the severed tops being 
turned to one side by a blade at the rear of the knife. 
The beet are lifted by a conventional twin-arm lifter 
and are fed into the elevator, the trough of which 





the conveyor. The beet are delivered into a rear 
hopper, from which they are collected by another 
elevator, situated towards the rear and to one side 
of the machine, which discharges them to a trailer 
drawn alongside. The machine is steered by a 
hand lever which is just ahead of the operator’s seat. 
The lever pivots about the front of the towing frame 
while the end engages in a rack fitted to the end of 
the tractor, so that by manipulating the lever, the 
operator can move the towing eye along a bar fitted 
across the rear of the tractor. At the ends of the 
rows, the lever is removed from the rack so that, as 
the tractor turns, the towing eye slides to one side of 
the draw-bar and allows the combination to turn in 
a reduced space. 

The elevators and topping mechanism are driven 
by a 44-h.p. J.A.P. air-cooled petrol engine, the 
power being transmitted through a system of V belts 
and chain drives. Although of robust construction, 
the machine can be hauled by any medium-powered 
tractor provided with a power lift, the latter unit 
being required to raise the machine at the ends of 
the rows. The land wheels are fitted to a rein- 
forced channel-section steel axle, and are equipped 
with heavy-duty pneumatic tyres, the right-hand 
wheel being adjustable to suit rows from 18 in. to 
24 in. apart. The primary function of the machine 
is to lift and load beets directly into a trailer drawn 
alongside, but should insufficient trailers be available, 
the rear elevator can be replaced by a hopper which 





“Compton ’’ AtL-PurPosE LoapER; Messrs. T. BAKER AND Sons (FOUNDRY AND ENGINEERING), LIMITED. 


deposits the beet in windrows. The machine also 
can be used as a stationary loader from clamp to 
lorry ; for this purpose the lifter body is removed 
and is replaced by a hopper. Both conversions are 
comparatively simple and each can be accomplished 
in less than an hour. 

Numerous firms were exhibiting various appli- 
ances designed to ease the handling of bulky pro- 
duce, such as sacks of grain, bales, etc. One of these 
is illustrated in Fig. 17, on page 89; it is known 
as the Tracloder power-lift tractor crane and was 
being demonstrated on the stand of the manufac- 
turers Messrs. Whitlock Brothers, Limited, Great 
Yeldham, Essex. The Tracloder is bolted to the 
back of a Fordson Major tractor and employs the 
implement power-lift assembly for raising and lower- 
ing the jib. The jib is fitted to a bracket free to 
turn through 180 deg. in the horizontal plane, the 
bracket being supported by a frame constructed 
from tubular steel and bolted to the tractor. The 
jib is free to swing in the vertical plane about a 
pin fitted to its support bracket and it is raised and 
lowered by a wire rope fitted to one end. The rope 
passes down through the hollow vertical member of 
the support frame, then, after passing round a pulley, 
terminates at a stirrup which embraces the two lift- 
ing arms of the power lift assembly ; the object of 
the pulley is to reverse the direction of the rope so 
that raising of the power-lift arms also raises the 
jib. The crane has been designed to lift 5 cwt. to 
a height of 10 ft., but an extension arm can be fitted 
to the jib so that lighter loads may be lifted to a 
greater height. The illustration shows the jib fitted 
with the extension arm and in addition to the bale 
lifter shown, a manure grab also is available. At the 
moment, the Tracloder is applicable only to the 
Fordson Major tractor, but it is understood that it 
is being developed to fit other tractors. 

It is, however, not always convenient to employ 
a tractor on loading operations, and the Thwaites 
Agricultural Engineering Co. Ltd., Cubbington, 
Leamington Spa, were exhibiting the self-contained 
sack hoist illustrated in Fig. 18, on page 89. The 
hoist can be hitched to the back of a wagon as shown, 
or alternatively it can be anchored by placing one 
of the wheels over the drawbar. The frame of the 
hoist is constructed from tubular steel; the height 
from ground level to the apex is 10 ft. 9 in. The 
power unit consists of a 1-3 brake horse-power 
Villiers petrol engine ; this drives the winch drum 
through double-reduction chains and sprockets and 
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expanding-shoe type clutch, The drum is fitted 
with 35 ft. of j in. diameter steel rope, and as 
will be seen from the illustration, the rope passes 
through a sheave block fitted to the apex of the lifting 
frame. In operation, the rope is paid out and a slip 
chain fitted at the end of the rope is secured to the 
mouth of the sack. The clutch is engaged and the 
sack is drawn over the ground up the inclined‘ 
board and finally swings over the back of the wagon. 
The clutch is then released and the sack deposited 
in an upright position on the platform fthe wagon ; 
alternatively, the sacks can be received on a two- 
wheeled barrow by a second operator, as shown in 
the illustration. 

A power-driven loader which has been developed 
for handling sacks, bales, sugar beet, etc., was being 
exhibited on the stand of Messrs. T. Baker and 
Sons (Foundry and Engineering), Limited, Compton, 
Berkshire. This machine, which is known as the 
Compton all-purpose loader, is illustrated in Figs. 
19 and 20, on the opposite page. It will be seen that 
it consists basically of a belt-type elevator, but has 
been designed so that it can be attached to the side 
of a lorry or trailer. The leading edge of the elevator 
is supported by steel skids fitted to the forward 
part of the machine and the lorry is driven across 
the field so that the mouth of the loader is in line 
with the material to be collected; the elevator 
chain contacting and picking up the material which 
subsequently is carried to the top of the elevator 
and loaded into the lorry. The elevator belt is 
driven by a 2-h.p. air-cooled four-stroke petrol 
engine, the drive being transmitted through a 
system of V belts and chains. The lower half of 
the elevator is fixed but the upper half can be 
adjusted by a handle for a delivery height of from 
6 ft. to 12 ft. Although intended primarily as a 
mobile loader, it can be used equally well for 
stationary work, and a guide hopper is available 
for fitting to the forward end when loading from 
clamps, etc. 

The introduction of grass dryers undoubtedly 
represents an important advance in the preservation 
of the food value of green grass. Several types of 
dryers have been developed, their size varying from 
large-scale permanent plants to comparatively small 
mobile machines. A good example of the latter 
type of dryer was being shown by Messrs. 8S. E. 
Opperman, Limited, Stuart Works, Stirling Corner, 
Hertfordshire. The dryer is illustrated in Fig. 21, 
opposite, where it is shown in use; it is com- 
pletely mobile, and can be erected by four men 
in approximately 30 minutes. The machine oper- 
ates on the tray principle, two trays being pro- 
vided at each side of the machine. The two outer 
trays are filled with wet grass which is forked into 
the inner trays when half dried, a simple control 
being provided to change over the delivery of hot 
air from one side to the other. The uait employs 
an oil-fired furnace. This is situated in the centre 
housing and air is drawn over the furnace and 
delivered to the underside of the trays by a centri- 
fugal fan located at the end of the central housing 
remote from the oil burner; the fan and the oil- 
burning unit are belt driven from a tractor power 
take-off pulley. The ducts underneath the trays 
are of taper section to ensure even distribution of 
the heated air and the surfaces of the trays are made 
of perforated metal. 
the machine, the outer trays are folded over the 
inner trays and the two-tray assemblies are lifted 
to the vertical position through a permanently- 
attached hand-operated hoist. It is transported 
on two pneumatic-tyred wheels fitted to an axle 
at the rear, the front of the machine being sup- 
ported by the tractor drawbar. The machine is 
suitable also for grain drying, either from the 
combine harvester or binder; in the latter case, 
the sheaves are placed on the trays butt down- 
wards. 

(Z'o be continued.) 





THE WORK OF THE CHEMICAL RESEARCH LABORATORY : 
ERRATA.—Our attention has been called to two errors 
which occurred in the account of the work of the Chemical 
Research Laboratory, at Teddington, published in our 
issue of July 9. Near the end of the second paragraph 
in the first column on page 29, the thicknesses of the 
oxide films referred to were given erroneously. The 
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THE HIGH-TENSION ELECTRIC 
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(Continued from page 56.) 


DeEatine generally with the “ Transmission of Elec- 
tric Power at Extra High Voltages,” at the recent Con- 
férence Internationale des Grands Réseaux Electriques 
a Haute Tension (C.I.G.R.E.) in Paris, Messrs. P. Sporn 
and A. C. Monteith said that every country possessing, 
or wishing to develop, its industrial potential was wit- 
nessing a great expansion in the use of electricity, and 
this expansion would continue for some time. Where 
fuel was scarce and remote water power plentiful, this 
would necessitate. the use of long-distance transmission. 
In the United States, too, the transfer of larger blocks 
of power between systems would also be necessary. 
Both these would require the use of higher voltages. 
In the United States a system with a rated voltage of 
287 kV and a maximum of 302 kV was in use, and the 
employment of 362 kV had been discussed. In France, 
the use of 380 kV was being contemplated and 345 kV 
and 400 kV were being considered in China and Sweden, 
respectively. Costs, however, increased rapidly with 
increasing voltage, so that precise engineering analysis 
of the schemes was imperative. Fairly reliable data 
were now available on lightning and switching surges, 
the insulation of substation equipment, and on the 
effects of line spacing and the arrangement of reactance 
and capacitance. Some data were also available on 
corona and the influence of radio, particularly as 
regards fair weather losses with a horizontal arrange- 
ment of single conductors per phase and how the surface 
affected these losses. There was, however, need for 
information regarding corona losses and the effect of 
radio interference with different arrangements of earth 
wire and on the influence of weather conditions in 
particular locations. ‘‘ Bundle ’ conductors also offered 
advantages, which needed to be investigated for 
specific purposes. These investigations would enable 
a closer estimate of corona losses to be made, so that 
they could be considered in the same way as other 
variable losses. All this should lead to the more 
precise design of transmission systems operated at 
extra-high voltages and permit the maximum economies 
in their use. 

Another large group of papers read at the conference 
dealt with various problems of circuit-breaker design. 
These included a report of an international committee 
under the chairmanship of Professor E. Juillard, which 
was presented by Mr. H. Puppikofer. The main sub- 
jects considered by this body were indirect tests, the 
natural frequency of networks, the revision of the 
concept of recovery voltage, and rapid reclosing. 
Indirect tests were defined by Mr. E. Vogelsanger, a 
member of the committee, as the experimental verifica- 
tion of the breaking capacity under conditions adapted 
to the capacities of testing stations of limited power 
output. They could be classified as tests of separate 
components, tests at specified currents and voltages, 
synthetic tests, and other indirect tests. The report 
pointed out that such tests would become of greater 
importance as the power in inter-connected networks 
increased. In order that they should be acceptable, 
however, it was necessary to prove that they were 
equivalent to direct tests. The subject must, there- 
fore, be pursued in every country, and for that reason 
the committee called for the co-operation of all members 
of the C.I.G.R.E. and asked them to consult the univer- 
sities, supply undertakings and manufacturers in order 
to interest them in this work. The problem could be 
attacked from two sides, either by trying to find a 
mathematical solution, or, empirically, by making 
comparative tests. The choice between these methods 
depended on the means available. 

Owing to the facts that the natural frequency of 
networks varied considerably and that the rupturing 
poe at dl of certain types of circuit breaker was greatly 
influenced by this frequency, particular care was 
necessary in selecting a circuit breaker for a specific 
place in a network. In fact, in order to manufacture a 
range of switchgear, it was necessary for the frequencies 
at which they were capable of working to be pre- 
determined. In order to be able to consider the whole 
question, it was also necessary to have all available 
data both on networks and on circuit breakers. The 
determination of the natural frequency was, however, 
difficult, owing to the fact that power stations and 
substations were provided with such small reserves of 
plant that it was impossible to risk any interruption or 
disturbance. Consequently, attempts had been made 
to calculate the value of the natural frequency ; and as 
a result it had been found that three typical zones 
existed. The lowest of these included the frequencies of 
the networks, the middle the power stations with or 
without the transformers, while the highest zone com- 
prised the transformer frequencies, that is to say, that of 
the disconnected substations. When deciding on the 
requirements of a circuit breaker, it seemed logical to 
recognise that the breaking capacity decreased as the 
natural frequency increased, and, in view of the 
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voltage during clearing, heads of electrical under- 
takings were requested to give facilities for tests to 
determine this question. 

As a result of these conclusions, a new clause should 
be inserted in the International Electrotechnical Com- 
mission’s rules for alternating-curre.t circuit breakers 
(publication No. 56, 1937) defining the natural fre- 
quencies of a network as the frequencies which appeared 
at the switchgear contacts after clearing. The recovery 
voltage should also be defined as the voltage which 
re-appeared at the switchgear contacts after the circuit 
had been broken and the recovery voltage at normal 
frequency as the effective value of the fundamental 
wave, which reappeared at the switchgear contacts 
after the final extinction of the arcs on all poles. These 
three new definitions did not in any way alter the 
fundamental rules and had simply been added to 
enable specialists to continue the study of natural 
frequencies until an international specification could 
be drafted. 

The question of ‘Direct and Indirect Tests on 
Circuit Breakers” was also dealt with in a paper by 
Messrs. 8. Teszner, A. Thibaudat and F. Descans, who 
said that only direct tests at full voltage and on all 
three  sagpes could reproduce accurately the stresses 
normally encountered in service. Even so, it was 
necessary that the test conditions should be carefully 
determined, and that, in particular, the rate of rise 
of restriking voltage should be clearly defined. It was, 
therefore, urgent that this should be specified. Never- 
theless, single-phase tests on circuit breakers with 
separate and independent poles gave valuable results, 
particularly at high voltages, if the test voltage corre- 
sponded with the actual stress encountered in three- 
phase operation by the circuit breaker being tested. The 
coefficient of equivalence of 1-5 for the relation between 
the single-phase test voltage and the ordinary three- 
phase test voltage should, however, be revised. Tests 
on the several units of a complete circuit breaker 
enabled multiplying factors to be applied to assess the 
station capacity. Such tests should, however, be 
carried out with great caution. 

As regards indirect tests, those made at reduced 
voltages might well give interesting results, provided 
they were limited to certain types of circuit breakers 
and were confined to the ranges of current on which 
these types were only slightly sensitive to the voltage. 
Moreover, the reduction in voltage should not be 
excessive ; and it was desirable that the rate of rise of 
restriking voltage should at least be equal to that 
corresponding to the normal voltage. Indirect methods 
of testing with an auxiliary source of full voltage, in 
their present forms, did not seem capable of economi- 
cally effecting any large increase in the possibilities of a 
station beyond that achievable with single tests at 
reduced voltage. They were, however, extremely 
interesting in principle and could be improved. 

Dealing with the “‘ Pneumatic Operation of Air-Blast 
Circuit Breakers,” Mr. W. A. McNeill said that one 
of the reasons for the slow growth of this type of 
switchgear had been the fear that the ancillary com- 
pressed-air equipment would be less reliable than other 
methods of power operation. He therefore presented 
some of the leading considerations that were taken 
into account in designing the operating gear and 
compressed-air supply equipment on the first air-blast 
circuit breakers to be installed on the 132-kV British 
grid. These circuit breakers were erected in the 
Barrow-in-Furness substation in the autumn of 1945 
for controlling a double-circuit overhead line and 
comprised two interrupter heads, with ‘“ Duo-blast ” 
contacts, each head being mounted on a porcelain 
supporting pillar. Air was admitted to these heads 
from a blast valve through a glazed-porcelain pipe, and 
a pneumatically-operated series isolator was opened 
by a torsion-driven porcelain post. The trip switch 
energised a coil which opened a pilot valve. This 
valve, in turn, caused high-pressure air to open a main 
valve, so that air was admitted first to an intermediate 
valve and then to the blast valves. A similar control 
unit was employed for closing, the trip valve being 
rendered inoperative during this operation. Tripping 
was impossible if the air-supply pressure was below a 
certain value. The normal working pressure for these 
circuit breakers was 260 lb. per square inch, the air 
consumption per operation at this pressure being 
160 cub. ft. 

To ensure reliability in operation, the compressor, 
storage equipment and "bus pipes were duplicated. 
Each air-cooled compressor was driven by a 16-h.p. 
squirrel-cage motor and delivered 21 cub. ft: of free air 
per minute. The main storage pressure was 600 Ib. per 
square inch and the pressure at the circuit breakers was 
300 Ib. per square inch. The air was dried by com- 
pressing it to a high pressure in the main sto reser- 
voirs and draining off the moisture. It was then passed 
through a reducing valve to the local receivers at the 
circuit breakers. This method had the advantage that 
it was convenient to store the air at a pressure higher 
than the working value, thereby reducing the size of 
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local container was an important factor in the design 
of pneumatically-operated circuit breakers and in 
determining the overall dimensions and cost. Unless 
the circumstances were exceptional, it was, therefore, 
desirable to limit the quantity of air stored in it to 
an amount sufficient for one make- break operation. The 
quantity of air stored in the main high-pressure reser- 
voirs would obviously depend on the number of circuit 
breakers in the station and on the number of opera- 
tions that might be expected to occur when the 
compressors were shut down. It should therefore be 
sufficient for one make-break operation of all the 
circuit breakers in the station, in addition to the air 
for one make-break operation, which was contained in 
each local receiver. To comply with the operating 
duty cycle specified in British Standard Specification 
No. 116, it was important, in the case of an air-blast 
circuit breaker with a local receiver containing only 
sufficient air for one make-break operation, that the 
pressure should be restored to normal value in a time 
not longer than three minutes. In practice, much 
shorter times could be readily achieved where the air 
consumption and pipe lengths were not great. Where, 
however, there was an appreciable distance between the 
most remote breaker and the control station, it might 
be desirable to permit refilling times of one, two or 
even three minutes to avoid air velocities greater than 
about 100 ft. per second. Higher speeds would result 
in excessive pressure drops and also, possibly, affect 
the reducing valve. 

At the outset of air-blast development, difficulties 
were encountered in obtaining a satisfactory design of 
reducing valve. The majority of such valves as were 
available had been designed primarily to control the 
flow of liquids under more or less steady conditions. 
The operation of circuit breakers, however, would 
usually take place only at infrequent intervals. The 
reducing valve would then have to supply air in large 
quantities, but would normally have only to provide 
small quantities to make up for leakage. To fulfil 
these conditions, pressure control should be exact to 
within a few pounds per square inch, the operating 
differential should be small and the operating efficiency 
should not be affected by variations. Full-bore 
opening of the valve was important, to avoid resistance 
to air flow, as was positive reclosure to prevent leakage. 
To avoid this difficulty, an instrument control type of 
valve had been found satisfactory, the operation of 
which depended on the admission of air to a diaphragm. 
This admission was controlled by a pressure-measuring 
instrument on the downstream side, and, by setting 
two pointers, a relief valve could be made to operate 
when the pressure on the downstream side rose to 
only one or two pounds per square inch above the 
controlled pressure. 

During two years’ service, the instaHation at Barrow 
had given completely satisfactory operation, except for 
one ae mechanical clearance. There had been no 
discernible deviation from the set pressure and the 
main safety valves had not been called upon to operate. 
An examination of the running times of the compressors 
showed that leakage accounted for 5-03 per cent. of 
the total consumption. The refilling times and pump- 
ing rates had remained constant, and the moisture 
extraction was satisfactory. 

The “ Air Blast Circuit Breakers for 220 kV and 
Higher Voltages for Swedish Networks ” were described 
in a paper by Mr. K. I. Lindstrém. The first 200-kV 
air-blast breaker was installed in that country about 
four years ago and had been followed by 25 others, 
so that considerable experience of their performance 
had been gained. On the Swedish network, the neutrals 
were earthed through arc-suppression coils, and the 
switchgear had therefore to be designed to withstand 
an impulse test of 1,025 kV between the live parts and 
earth and of 1,179 kV between poles and between the 
terminals of one pole. In the author's opinion it was 
fundamental that the “‘ supporting insulation ” should 
be separated from the insulation to earth, which was 
incorporated in the pneumatic and mechanical operating 
gear. The contact system should be of the composite 
type with a separate isolating break in series with the 
power break, the stroke of the latter being such as 
would give the maximum breaking capacity. Experi- 
mental research showed that six breaks in series best 
fulfilled the conditions that the recovery voltage should 
not exceed about 50 kV per break, and that the short- 
circuit capacity of the testing plant available should be 
comparable to the rated breaking capacity. As 
regards control, the choice was between direct-blast air 
control, in which the contacts opened as soon as the air 
pressure at the opening of the blast nozzle was sufficient 
to overcome the friction and springs; and a combined 
system, in which the blast-air and control-air ducts 
were connected to opposite sides of the pistons operating 
the contacts. 

All six breaking contacts were electrically connected 
in series, but were operated pneumatically in parallel. 
They were housed in a structure which provided the 
necessary insulation and mechanical strength and also 
contained the control-air duct and paralleling resistors. 





As the 220-kV network was heavily loaded, and largely 
consisted of single lines, the possibility of increasing 
the security of operation by the use of automatic re- 
closing was attractive. All the circuit breakers had 
therefore been designed for operation with or without 
this feature. In the former case, the contacts re-closed 
in from 0-2 to 0-5 second after opening and then re- 
mained closed if the line were clear. If a second opening 
occurred, further re-closing did not take place, but the 
isolating switch was opened. 

The demand for 350 to 385-kV circuit breakers had 
recently become urgent in Sweden, owing to the con- 
struction of the line from Harspranget power station via 
the switching station at Midskog to Hallsberg. The 
general requirements for such breakers, which had not 
yet been manufactured, were an insulation level of 
1,775 kV and a rated breaking capacity of 5,000 MVA 
at 350 kV, corresponding to a current of 13-5 kA. 
They must also be capable of disconnecting a 485 km. 
(300 mile) line on no load at 420 kV and a 200-MVA 
transformer loaded with 60- and 120-MVA reactors. If 
the same type and size of breaking contacts were used 
as on the 220-kV circuit-breakers, a total of 12 to 14 
would be required and these would have to be arranged 
in two separate stacks. To avoid this, a new and more 
~~ type of contact, of which only eight would 

required, had been designed. The same system of 
control with separate blast-air and control-air supplies 
was, however, to be adopted, as this allowed the 
moment of contact opening to be delayed until the most 
favourable point on the pressure curve had been reached 
It also facilitated the simultaneous opening and closing 
of the various breaks. 

A paper by Messrs. C. L. Killgore and W. H. Clagett 
dealt with “ Field Tests for Development of Ultra-High 
Interrupting Capacity 230-kV Oil Circuit Breakers.” 
At the Grand Coulee Dam on the Columbia River, 
Washington, U.S.A., there were two stations, each with 
an ultimate capacity of 972 MW and a peak capacity 
of 1,170 MW. The switchgear at these stations was 
situated on the 230-kV side of the machine transformers, 
and although only six of the 18 sets were at present in 
operation, the *bus-bar system was limited by the fact 
that the rupturing capacity of the circuit-breakers did 
not exceed 3,500 MW. For the complete scheme, the 
use of a ring *bus-bar divided into five sections, each 
of which could be separately isolated, was decided upon, 
owing to its simplicity and flexibility in operation. The 
short-circuit power with such an arrangement might, 
however, amount to 15,000 MVA, although it was 
possible that this could be reduced to 10,000 MVA by 
the installation of transformer neutral reactors and 
other devices. 
circuit breakers in one step from the present 3,500-MVA 
equipment obviously required extensive laboratory and 
field tests to determine the amount of mechanical 
stress suffered and the actual maximum interrupting 
capacity of various designs, as well as to collect operat- 
ing data regarding different types of interrupting units. 

The tests were made sine with 230-kV oil circuit 
breakers at interrupting capacities of double their 
normal rating. These were successful enough to show 
that such sircuit breakers with interrupting capacities 
of 10,000 MVA could be developed immediately, and 
that in the field, tests involving short-circuit values of 
7,500 MVA could be safely performed on an extensive 
interconnected power system without hazard to the 
equipment or serious operating disturbances. Such 
field tests were, in fact, essential and had the further 
advantage of providing information regarding the 
performance of the transmission system under fault 
conditions. 

In a paper on “ Operating Experiences with the 
Automatic Reclosing of Breakers after Line Faults,” 
Mr. G. Jancke said that high-speed re-closing was an 
inexpensive and effective method of increasing the 
reliavility of operation on low- and medium-voltage 
radial networks. Experience on a numoper of 11- to 
44-kV systems in Sweden, on which the neutrals were 
earthed through arc-suppression coils, showed that 
about 82 per cent. of the line faults could be eliminated 
in this way. Subsequent manual or automatic reclos- 
ing after an interval of 3 minutes was generally suc- 
cessful in 14 per cent. of the cases. At these voltages, 
the minimum dead time should be 0-2 second. The 
permissible value of the total disturbance time was 
determined by the character of the load. In the case 
of the motors, disturbance times up to 1 second could 
be tolerated and several seconds might be allowed on 
purely rural distribution systems. Small synchronous 
generators might even be allowed to remain on the 
network during the dead time. The couplings between 
the generators and the turbines must then, however, 
be designed to stand the heaviest possible stresses. 
Simple re-closing equipment could also be installed on 
132- to 220-kV lines. When a fault occurred on a 
line, which formed the sole interconnection between 
two networks, a total disturbance time of 0-5 second 
might be allowed, if the load did not exceed more than 
one quarter of that on the smaller of the networks. 

(T'0 be continued.) 
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LABOUR NOTES. 


As was generally expected, the recommendations of 
the group council of the Confederation of Shipbuilding 
and Engineering Unions were approved when brought 
before the full meeting of delegates of the Confederation 
at York, on July 14. The group council recommended 
that the Minister of Labour and National Service, Mr. 
George Isaacs, shoula be asked to set up immediately, 
under the powers conferred on him by the Industria} 
Courts Act, public courts of inquiry to investigate he 
employers’ rejection of the wage claims of the ship- 
building employees for a weekly increase of 15s. and 
of the engineers for a weekly increase of 13s. It was 
decided to ask the Minister to give the court set up 
for the engineering industry power to investigate wage 
anomalies and profits within that industry. 





After the meeting of the full Confederation, which 
was held in private, Mr. Gavin Martin, the general 
secretary, stated that the recommendations of the 
group council for the setting up of the courts had 
been carried by a large majority. Some of the 200 
delegates to the conference, who were in favour 
of more violent action being taken, were over- 
whelmingly defeated. Others, including, it is under- 
stood, delegates from the foundry and electrical trades, 
wished to have the matter referred to individual 
members of the 37 unions which comprise the Con- 
federation, but were ruled out of order. The findings 
, if set up, will come before a 
subsequent meeting of the Confederation. 





Representatives of the Confederation had an informal 
discussion with Sir Robert Gould, the chief industrial 
commissioner of the Ministry of Labour and National 
Service, on July 19, at which the views of the York 
meeting on the wage increases, and the demand for 
public courts of inquiry, were made known. Sir Robert 
undertook to report to Mr. Isaacs. It is expected that 
the views of the employers will similarly be sought 
informally and that subsequently the Minister will 
arrange for a joint meeting of representatives of both 
sides. Profits and wage anomalies in the engineering 
industry were not raised by the unions when making 
their original claims for the 138. increase. The attitude 
of the employers has not yet been made known, but 
if the unions are agreeable to the terms of reference of 
the courts of inquiry being limited to the claim for 
the wage increase, it is thought unlikely that they will 
raise many objections to the courts being instituted. 





It appears that a solution has at last been found 
to the stint dispute at Grimethorpe Colliery, where the 
refusal of 132 miners, in August last year, to work an 
extra 2 ft. of the coalface started a strike throughout 
the Yorkshire coalfield, which resulted in a loss of 
over 593,000 tons of coal and involved 63 pits. The 
miners have since rejected the efforts of the National 
Coal Board and the union to induce them to work the 
extra stint. Mr. A. Scott, general manager of the 

North-Eastern Division, No. 4 area, in announcing 
the introduction of mechanical loaders into the Melton 
Field seam at the colliery, said that output per man 
had been doubled and that mechanisation provided a 
better solution to the mine’s output problem than the 
extra stint. With the mechanical loaders, the work 
which previously required 43 or 45 miners was now 
done by 20 men. More machines were to be introduced 
next month, and it was expected that the output of the 
seam would then rise to 5,000 tons weekly. To give 
comparable results, the miners would require to have 
their present tasks of 21 ft. increased by 50 per cent. 
Major-General Sir Noel Holmes, K.B.E., chairman of 
the Divisional Board, said the matter was not entirely 
satisfactory. Re-assessment of tasks must take place 
at other seams at Grimethorpe, as well as at other pits 
in the Yorkshite coalfield. 





Sir Noel gave details of some long-term development 
plans for the Yorkshire coalfield which will involve a 
capital expenditure of 35,440,0001. during the next 
ten years. It is ex that, during 1958, the output 
of the coalfield will have risen to 53 million tons, as 
compared with the present annual output of 40 million 
tons ; and that output per man-shift will have reached 
an all-round average of 33 cwt. The expenditure 
should also reduce production costs. During 1947, the 
first year under nationalisation, 55 Yorkshire pits made 
a joint loss of 3,300,0001. They were kept working 
because their closing would have meant the loss of 
some 15 million tons of coal, and it was estimated that 
1,500,000 persons throughout the country would become 
unemployed for every five million tons by which the 
coal output for 1947 fell below the year’s target of 
200 million tons. Sir Noel said that absenteeism 
amounted, during the first six months of 1948, to 
nearly 14 per cent. for all employed. 
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Fie. 4. PERIPHERY OF Bar SHOWING CRACKS 


AND RapiaL SEGREGATES. x 50. 


THE PROPERTIES OF EXTRUDED 
ALUMINIUM-ALLOY BAR.* 


By Dr. L. Nortucorr, D. McLean, B.Sc., and 
Dr. O. R. J. Ler. 


AT one period in the mass production of a conical 
component which was machined from extruded 
aluminium-alloy bar, large numbers of components 
were under suspicion owing to their having a fan- 
shaped, streaky appearance. In service, these com- 
ponents rotate at extremely high speeds and, it was 
considered, would be subjected to a high circumfer- 
ential tensile stress. It was feared that the streakiness 
might indicate low circumferential properties, and this 
was found to be so by work described below. The 
cylindrical bars from which the components were made 
were extruded through single- or multi-hole die plates, 
and multi-hole die extrusion was suspected as being 
responsible for the streakiness and circumferential 
weakness, which was very marked in some components. 
It thus became clear that the original sontiiodn was 
part of the general question of the effect of extrusion 
through different types of die plates. An investigation 
was therefore initiated into the effect of extrusion 
through die plates having 1, 2, 3, or 4 holes on the 
mechanical properties of the bars. The experimental 
work showed that, in many instances, there was a 
variation in properties along the length of the bar ; 
consequently, most tests were repeated many times 
(as an extreme instance nearly 150 drift tests were 
carried out), but only mean results are given in the 
present pores, and the question of scatter is dealt with 
separately, since it assisted in deciding the cause of 
the variable properties. To check the conclusions 
reached from this part of the work, laboratory extrusion 
experiments were carried out and were later extended 
to full-scale industrial trials. Permission to publish 
this paper has been given by the Chief Scientist, 
Ministry of Supply. 


* Paper, entitled ‘‘The Effect of Single and Multi- 
Hole Die Extrusion on the Properties of Extruded 
Aluminium-Alloy Bar,” presented before the Institute of 
Metals on Wednesday, March 17, 1948. Abridged. 
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The components were anodised and the streaks were 
much more prominent after than before anodising. 
Fig. 1, on this page, shows that when a flat was machined 
on the side of the component parallel to the axis, the 
streaks revealed by etching were parallel to one another, 
and it was evident that the fanwise spread was due to 
the conical shape of the component. To ascertain 


-| whether the streaks indicated any circumferential 


weakness, a group of 87 components in D.T.D. 423a 
alloy, some with and some without streaks, were 
“ drift’ tested by forcing a tapered and lubricated 
plug into their hollow interiors, thus expanding the 
component. At a particular load the component would 
burst with a longitudinal fracture ; the fractures were 
either fibrous or laminated. Typical examples are 
shown in Figs. 2 and 3. Fig. 2 shows the fibrous 
fracture of a one-hole cylinder, and Fig. 3 the 
laminated fracture of a two-hole cylinder. The 
bursting loads fell into two groups of high and low 
values, and Table I shows the connection with streaki- 


TABLE I.— Drift Tests on 87 Components. 


Wember Number Number 


Number 1 
: pee } . with with 
Group. of Com | gith | Laminated, Fibrous 
; ao I 5. | : — “a oe. bencmmmersal 
High bursting | 
load 4 to 5-2 | 
tons* .. - 46 5 7 39 
Low bursting 
load 1 to 2-5 | 
tons*, - 41 40 41 0 
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also surface cracks. Fig. 4 is a transverse section a 
the periphery of a two-hole bar in the radial-flow 
position. Cracks and radial segregates are shown. 

Longitudinal section through the streaks showed 
strings of particles of intermetallic compounds parallel 
to the pattern of streaks, which were evidently an 
etching effect occurring during anodising and caused 
by the segregation. These tests established the 
association between the circumferential weakness, the 
radial flow structure, and the segregate near the 
surface ; the responsible factor was concludec to be the 
employment of multi-hole die plates in the extrusion 
process. : 

Two alternative alloys were used for the corhponent 
origiaating the investigation and, with the co-opera- 
tion of the Northern Aluminium Company, Limited 
(D.T.D. 423a), and the British Aluminium Company, 
Limited (BA 35), bars of both alloys were obtained 
14 in. diameter, extruded through one, two, three*, 01 
| four hole die plates and heat-treated to specification. 
For convenience in description, distinguishing terms 
such as four-hole bar and four-hole specimen will 
be used. The arrangement of holes in the die plates 
was similar to those shown in Figs. 10 to 13 on page 94 
referred vo later; the significant feature was that the 
single hole was centrally placed, but in the multi-hole 
plates none of the holes was central. A set of bars 
1% in. in diameter was also supplied in BA 35 alloy, 
but, as the results of their examination were similar to 
those on the larger bars, only brief reference will be 
made to them. The specification compositions (per- 


centages) are: D.T.D.423a: Cu, 1; Mn, 1; Mg, 
0-5-1-25; Fe, 0:75; Si, 0-75-1-25; and Ni, 0-3. 


BA 35: Cu, 2-5-4; Mn,0-2; Mg,0-5-0-75; Fe + Si. 
1-2; Ni, 0-05; and Sb, 0-3-1. The figures quoted 
represent maximum values except where a range is 
indicated. The measured longitudinal tensile proper- 
ties are given in Table II, which shows little difference 
between bars from different die plates. The BA 35 
alloy has the lower strength and yield ratio, but greater 
ductility. 

The macrostructures of transverse sections cut from 
the middle of the BA 35 bars are shown in Figs. 5 to 8, 
on page 94. The D.T.D. 423a bars were similar, but 
of smaller grain-size. The one-hole bar (Fig. 6) is 
characterised by a central segregate and a uniform 
structure away from the centre. The two-hole bar 
(Fig. 5) shows, near the surface, the radial flow structure 
in which a radial segregate always occurred (cf. Fig. 4). 
The three-hole bar (Fig. 7) shows two positions of radial 
flow, corresponding to the two adjacent holes in the 
die plate ; the segregate lies between these two positions 
and spreads over an arc, and is therefore less concen- 
trated than in the two-hole bar. The structure of the 
four-hole bar (Fig. 8) is similar to that shown in Fig. 7, 
but the angle between the two positions of radial 
flow is greater, corresponding to the greater angle 
subtended by the two nearest holes in the die plate 
(cf. Figs. 12 and 13). These structures show how, 
in multi-hole extrusion, flow through each hole is 
affected by flow through neighbouring holes, and it 
is easy to picture how the central billet segregate 


* These figures are a function of circumferential tensile strength appears at the surfaces of extruded bars, due to flow 


and ductility. 


ness and type of fracture. 


over. the edges of the die holes at the positions nearest 


It was not known which | the billet axis. The later experiments with composite 


of the components were machined from single-hole | model billets confirmed this. 


bars and which from multi-hole bars. 
There is a clear connection between streaky appear- 
ance, low bursting load, and laminated fracture, but 


Drift tests carried out were similar to those applied 
previously to the components. A lubricated conical 
steel plug, of 10 deg. half angle, was forced into cylinders 


a few of the streaky components had high strength | (1-5 in. long, 1-29 in. outside diameter, 1-00 in. inside 


and broke with fibrous fractures, so that there was| diameter) machined from the bar. 


The depth of 





much scatter among the streaky components. The! penetration, as well as the bursting load. was measured, 


TABLE II.—LONGITUDINAL TENSILE 


PORPERTIES (0-564 IN. DIAMETER BAR). 





BA 35 Alloy. D.T.D. 4234 Alloy. 











| eos ielhacias 
. | | | a 
a | Prod “Tonsil. | — Reduction oa “Tensile” = Reduction 
| Tons per —e Per cent in Area, Tons ‘per a Per cent nm Area, 
‘ons per |“ o.* | Per cent ‘ons per ‘ . er cent. 
| sq. in sq. in. | on2in. | sq. in. aq. in on 2 in, 
| | | 
One-hole bar ie ae --} «11-0 19-7 244 30} 25-6 27°5 ll 244 
Etat og al ed ae oe 11-5 ee 19 *, 22-9 25-6 14 28 
Three-hole bar oe < “e 11-0 9 21 24 —_ — _— — 
Four-hole bar re By 12-5 | 198 | 18 28 22-3 25-3 12-5 18 








prominence of the streaks varied considerably from | This load was sharply defined, and is a function of 


com 


nent to component, but bore little relation to | circumferential ductility as well as strength, since the 


the bursting load. Transverse sections were prepared | former governs the depth of penetration which, in turn, 


of seven of the above components and of four additional 
unbroken ones. Those which had the streaky surface 
appearance showed what will be referred to subse- 
quently as “radial flow structure,” but this was 
absent from the non-streaky bodies. Figs. 5 and 6, 
on page 94, respectively, show the structures of etched 
transverse sections of complete bars of BA 35 alloy, 
with and without radial flow. Micro-examination of 
the region of radial flow revealed. segregation of particle 
constituents and, in unbroken components, sometimes 





governs the area of the test cylinder in contact with the 
plug and, hence, the total load sustainable. Six 
cylinders from each bar were tested, and mean results 
are given in Table III, on page 94. 

The circumferential properties of the one-hole bar 
material are thus considerably superior to those of 
two-, three- or four-hole bars, between which there is 





* Only BA35 was extruded through the three-hole die 
plate. 
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little to choose. All the one-hole cylinders had fibrous 
fractures, but all except one of the multi-hole cylinders 
(out of a total of 30) had laminated fractures, and all 
without exception broke in the region of radial flow. 
The similarity of the results as between the two alloys 
is due to the greater ductility of the BA 35 alloy 
counterbalancing the greater strength of the D.T.D. 
4234 alloy. There was a tendency for the bursting 
load to be lower for cylinders taken from the last part 
of the bar to be extruded. The two-hole bar of BA 35 
showed this effect the most. With the smaller bars, 
low results were obtained with cylinders from the rear 
part of the one-hole bar; these results are referred to 
below. 

Another convenient test which applied circum- 
ferential stress to the outer layers of the bar was to 
take rings machined from the bars and apply a load 
by means of two }-in. diameter pins placed inside the 
rings. To appreciate the results, some discussion of 
the test is necessary, and reference should be made to 
Fig. 9, on this page. Preliminary tests showed that 
the stress distribution was complex and changed 
during the progress of the test. From the strain 
markings on polished rings, it was evident that during 
the early stages of the test the maximum tensile stress 
occurred on the inner surface of the ring midwa 
between the pins (“A” position). If fracture too 
place without much deformation, it always did so from 


TABLE III.——Drift Tests on Cylinders Machined from 
Bars. 





| Load to Fracture, Tons. 








Specimen from 
BA 35 Alloy. | D.T.D. 4234 Alloy. 
One-hole bar... od 3-6 | 3-9 
Two-hole bar on 1-7 1-8 
‘Three-hole bar .. 1-8 —_ 
Four-hole bar 1-8 1-7 








the inside outwards at this position. In a more ductile 
material, the position of maximum surface stress 
changed during the later stages of the test to the 
outside of the ring above the pins (“B” position). 
Fractures at this position always started from the 
outside of the ring. Consequently, with rings having a 
weak spot the orientation of this spot in relation to the 
pins affected the results. As a standard position it was 
natural to choose that which gave the lowest results. 
With the D.T.D. 423 rings this was with the radial 
flow at the “A” position. The BA 35 rings, however, 
owing to their greater ductility, would sometimes 
break at the “B” instead of the “A” position, 
whatever the orientation of the radial-flow position. 
In the main tests, six or ten rings from each bar were 
tested, the D.T.D. 4234 rings with the radial flow in 
the “ A” position, but the BA 35 rings were tested in 
various positions. The extension measured over the 
pin positions was recorded, as well as the load to 
fracture. The mean results are given in Table IV. 
The marked superiority of the single-hole material 
is again shown. Among the results on multi-hole 
rings, those from thyee- or four-hole bars are superior 
to those from a two-hole bar, except for the fracture 


Fie. 6. Onkr-HoLe Bar. Fie. 7. 


THrREE-HoteE Bar. 


Fig. 8. Four-Hore Bar. 
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Fies. 10 to 14. 


loads of the BA 35 rings.* Out of 34 fractures through 
the radial flow, 25 were laminated, but all fractures 
which did not pass through the radial flow were fibrous. 

Rings prepared as above from the one-, two- and 
four-hole bars in D.T.D. 423 alloy were cut through at 
one point, straightened out hot, and heat-treated again, 
(10 hours at 525 deg. C.; water quenched ; aged for 
12 hours at 160 deg. to 170 deg. C.). Straight tensile 


TABLE IV.—Ring Tests. 


Each result the mean of six or ten tests. The loads to 
fracture and extensions are measures of circumferential 
strength and ductility. 




















BA 35 Alloy. D.T.D. 423 Alloy. 
| 
Ring from | Load to | Load to | 
Fracture, | Extension,) Fracture, | Extension, 
L Per cent. | Lb. Per cent. 
ied . 
Ouebete ter ..| 1,230 | 51-7 | 3,470 20-5 
Two-hole bar .. 840 32-9 | 1,790 3-8 
Three-hole bar..| 830 | 47-0 | — | 
795* | 43-0 
| | 


Four-hole bar = 2,040 | 12-4 





* 865 if one very low value is omitted. 


tests then measured the circumferential tensile pro- 
perties of the outer layers of the original bar. By 
making the cut either through the radial-flow position 
or ey opposite, the properties outside or 
inside the radial-flow zone could be compared ; average 
results are given in Table V. Two conclusions are 
obvious. Away from the radial-flow position the 
circumferential properties of multi-hole die material 
are as good as those of single-hole die material, but 
in the radial flow position the properties, especially 





* It is suspected, however, that the latter are affected 
by the possibility of breaking at either the “A” or 
“ B” position, since owing to the angular spread of the 
circumferential weakness in the three- and four-hole 
material (shown by the structures), with any given 
orientation, fracture has more chance of finding a weak 





spot. 
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Fie. 13. Fige. 14. 


ductility, are inferior. In this position the four-hole 
die material is superior to the two-hole material. All 
fractures through the radial-flow positions were 
laminated. 

The only peculiarities of the material in the radial- 
flow position are the macrostructure (radial flow) and 
the segregate of intermetallic compounds near the 
surface ; circumferential weakness in this position 


TABLE V.—Circumferential Tensile Tests (0-1 in. 
Square Bars of D.T.D. 4234 Alloy). 











satiate 
| ba oy 
Radial e ie 
Syed a Flow in | Strength - ~ ¥ Bs thal 
Gauge- Tons per Per cunt , 
Length. sq. in. , 
| 
One-hole bar .. . 2 | #4 9 —— 
es ° 4 mina 
Two-hole bar No 2 2 9 Fibrous 
es “6 6 
Four-hole ber No 24-6 10 ‘| Fibrous 











must consequently be explicable in terms of these 
two factors. Now the macrostructure was constant 
over long lengths of each bar, whereas the intensity of 
segregation varied, and a study of the circumferential 
properties showed that they also varied along the length 
of each bar. This is expressed in Table VI, opposite, in 
which are given the maximum and minimum values 
in the different tests and their ratios, including—for 
multi-hole material—only those tests where fracture 
occurred in the ee position. Results from 
48 drift tests on finished components specially made 
from one-, two-, three- and four-hole bars of BA 35 
alloy are also included. 

In general, there is greater variability in multi-hole 
than in single-hole material, particularly with the 
BA 35 alloy, and this variability must therefore be 
due to the variation in segregation. Table VI brings 
out the further point that, whereas in single-hole 
material the properties vary from moderate to good, 
for multi-hole material they vary from moderate to 
bad. Since, in an alloy free from an intergranular 
constituent, the tensile strength measured transversely 
across a columnar crystal aggregate is greater than that 
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measured in the direction of growth, the circumferential 
strength should be raised by the radial-flow structure. 
On the other hand, the segregate would be e 
to weaken the material. Consequently, both because 
the disturbing factor is erratic and because it weakens 
the material, the segregate must be held responsible 
for the variation in the circumferential properties of 
the multi-hole bars. Micro-examination of multi-hole 
specimens showed a tendency for low loads to be 
associated with pronounced segregation of the particle 
constituents, but the correlation was not complete. 
This was not une , since micro-examination 
covers only a two-dimensional surface whereas the 
mechanical properties are determined by the three- 
dimensional volume. 

An opportunity to test the connection more conclu- 





sively and in the absence of the radial flow structure 
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is clearly shown, the relevant point is that with cylinders 
of 1-05 in. diameter, multi-hole material has a breaking 
load almost as high as single-hole material. It will 
be seen that the weak zone penetrates to a depth of 
about } in. below the surface and is more harmful in 
two-hole than in four-hole bar. i 
Laboratory experiments were made to investi 
the euuabe a pen v8 flow more fully, with ‘the fnal 
aim of eliminating any surface tion in multi-hole 
bars. In extrusion, the type of flow is much the same 
for most metals and is unaltered by the temperature 
or rate of extrusion, mye these, of course, affect 
the mechanical properties of the extruded rod. Com- 
posite billets of lead and bismuth, and later of differently 
coloured Plasticine, were used. Both models gave the 
same results, so reference will be confined to the 
Plasticine as the structures obtained could be readily 


TABLE VI.—VARIATION IN CIRCUMFERENTIAL PROPERTIES. 
(For multi-hole material only, tests in which fracture occurred through the radial-flow position are considered.) 












































| BA 35 Alloy. D.T.D. 4284 Alloy. 
———— 
Drift Tests on Ring Tests. Drift Tests on 
cea Cylinders. —| prin Tests on s Cylinders. 
Sample. = a la, rhage 
| Ductilit Load, | | Ductitity 
| Load, | Extension,| Load, — y Tons. Load, | Extension, | Load, va 
| Lb. Per cent. | Ton. Penetration. | Ib. | Per cent. | Tons. Penetration. 
Max. | 1,410 53 7-50 3-9 4-75 3,850 21 4-84 2-2 
One-hole bar ..| Min. 970 50 3-02 1-7 3-25 3,090 18 2-58 1-2 
Ratio | 1-43 1-06 2-5 2-3 1-4 1-2 1-2 1-9 1-8 
rg Max. | 1,260 50 2-62 17 3-45 2,420 14 1-88 0-8 
Tw ..| Min. | "295 34 0-92 0-3 0-9 1,660 3 1-86 0-5 
is OO 1:5 2-6 5-7 3-8 1:5 4-7 1-01 1-6 
Max. | 1,140 50 =|: 2-36 ~ Bel 3-45 —}; = os | 
Three-hole bar | Min. 265 38 1-08 0-5 1-75 -- — — | —_— 
Ratio} 4-2 1-3 2-2 2-2 2-0 —- | = — | = 
Max. | 1,100 «0 ~=«| «3-77 1-8 3-15 2,860 | 20 1-85 0-85 
Four-hole bar..| Min. | "185 28 0-95 0-4 1-75 1,660 8 1-65 0-6 
Ratio| 5-9 1-7 40 | 45 1-8 1-7 2+5 1-1 1-2 
| 





























* Different samples from those covered by Table I, for which the individual extrusion practice was unknown. 


was provided, however, by the rear part of the smaller 
single-hole bar of BA 35 which, as previously mentioned, 
broke in the drift and ring tests at low loads, the frac- 
tures being mostly laminated. Micro-examination of 
these specimens revealed a dense longitudinal string 
of particles several inches long in the zone of fracture, 
but no radial flow. From an adjacent portion of the 
bar, two series of six rings were prepared of somewhat 
modified dimensions such that this segregate occurred 
close to the inside edge in one series, but in the other 
series the internal diameter was too great to include 
the segregate (the thickness of both series of rings 
being the same). Micro-examination after fracture 
confirmed that this intention was realised. For the 
tests, the rings were oriented so that the line of segregate 
was at the “‘A” position (Fig. 9). Five of the six 
smaller rings broke at the segregate, the fracture 
being of the laminated type, but all six of the larger 
rings broke at the pin with a completely fibrous fracture. 
The fracture loads and ductilities of the smaller rings 
were much the more erratic, as shown in Table VII. 


TABLE ViI.—Fracture Loads and Ductilities of Rings. 

















Extension, 
Loads, Lb. Per cent. 
Specimen. | an ey ROR 
| Range. | Mean. | Range. | Mean. 
; = ; ae 
Rings containing segre- | 
gate .. ee .-| 175-1,040* 845 | 30-45 46 
Rings not containing | 
segregate .. 56 


. ‘| 910-1,140 | 1,070 48-59 
| 1 


| 


= Or 1,100 Ib. if the ring which did not break in the segregate 
is included. 





Bad segregation alone, without radial flow, can thus 
produce a drastic weakening of the material, confirming 
the previous conclusion that the surface segregate is 
the variable weakening influence in bars extruded 
through multi-hole dies. 

Test on drift cylinders of different diameters, but 
of the same thickness, were made to discover how far 
below the surface of the bar the harmful effects of 
segregation were evident. Any multi-hole cylinder 
too small to include the surface segregate should have a 
bursting load equal to that of a single-hole cylinder 
of similar size. To avoid confusion in interpreting 
the results, it should be noted that in a homogeneous 
material, such as single-hole bar, the bursting load will 
decrease with decreasing cylinder diameter, since the 
maximum percentage circumferential extension in- 
creases for a given area of contact with the plug. 
Table VIII shows results for one-, two- and four-hole 
bars of D.T.D. 4234 alloy. Although the reduction in 
bursting load with diameter of single-hole cylinders 


photographed. Billets 2} in. long by 1} in. diameter 
were prepared with a }-in. diameter cylindrical core 
of different colour extending the full length of the billet. 
These billets were then extruded through various dies 
containing from one to four holes, and the extruded 
rod and remaining unextruded part of the billet 
examined. Approximately | in. of the billet was left 
unextruded, and this jon was sectioned longitudin- 
ally, l-in. lengths of the rods were also sectioned 
longitudinally in the same way as the billet and, 
finally, the rods were cut out flush with the face of the 
die and the die face, billet, and rods photographed 
(Figs. 10 to 13, opposite). In each illustration an 
axial section of the billet is shown at the top, a plan 
view of the die plate in the centre and an axial section 
of the rod in the lower portion of the illustration. 
Examination of the extruded rods showed that the 
size and shape of the portion from the core of the billet 
were the same over almost the full length of the rod ; 
only at the front end of the rods was there any variation, 
a steady condition being reached within a few inches. 


TABLE VIII.—JInfluence of Drift-Cylinder Diameter 
on Bursting Load. 


Cylinders, all 4 in. thick, from 14,-in. diameter bar of 
D.T.D. 4234 alloy. 























Load (Tons) to Break Cylinders of 
Outside Diameters : 

Cylinder from | 

1-06 in 1-12 in.} 1-19 in.} 1-25 in. | 1-30 in. 
One-hole bar ..| 1-4 2-3 2:15 | 4-0 3-0 
Two-hole bar ..| 1-0 1-05 0-8 0-85 0-9 
Four-hole bar..} 1-25 1-25 1-3 1-6 1-7 

| 














With the l-hole die, the central billet segregate was 
still central in the rod. With the multi-hole dies the 
billet segregate appeared near the surface of the 
rods, cutting through the surface at the position 
nearest the axio of the billet. Figs. 11 to 13 show that, 
as the number of die holes increases from two to four, 
the segregate distribution changes from a radial to a 
peripheral form and, in addition, penetrates to a 
smaller depth below the surface of the bar. The 
segregate thus becomes more diffuse, and is likely to 
be less harmful in four-hole than two-hole bars. These 
results link up convincingly with the flow and segrega- 
tion observed with the aluminium alloys. 

Two other multi-hole die plates were tried with the 
Plasticine model. The resultant photograph of one 
of them is reproduced in Fig. 14, opposite, which shows 
the arrangement of holes. The significant feature is that 





one hole is central, and&t is clear that the billet segregate 
is now concentrated in the core of the central rod. In 


95 


this position it would be harmless for many applications 
and would be wholly removed in machining out hollow 
components. This result prompted a similar experi- 
ment on an industrial scale, which was carried out by 
the Northern Aluminium Company, Limited, using 
D.T.D. 4234 alloy. A modified four-hole die plate was 
used, similar to that in Fig. 14, i.e., three holes were 
at the corners of an equilateral triangle with the fourth 
hole in the centre. Lengths of the four 1 ¥,-in. diameter 
bars extruded through this die plate were examined. 
A preliminary investigation showed the three outer 
bars to be similar, so a full examination was restricted 
to one outer bar and the central bar. 

The macrostructures revealed the radial-flow struc- 
ture to be in the expected positions. The micro- 
structures, however, showed fewer intermetallic particles 
in these positions than in the previous multi-hole bars. 
Drift tests were made on cylinders, exactly as before, 
with the following results: central-hole bar, 2-1 tons 
bursting load; and outer-hole bar, 2-0 tons bursting 
load. Comparison with Table III shows these results 
to be better than with the previous multi-hole material, 
but inferior to the single-hole material. Tensile tests 
were also performed as before on sawn rings straightened 
out hot and heat-treated (1 hr. at 535 deg. C., water 
quenched, and aged for 5 hr. at 160 deg. C.). A ?-in. 
gauge length of reduced section (4 in. x } in.) was 
machined centrally to include the radial-flow position 
in some specimens and exclude it in others. The 
results are given in Table IX. 


TABLE IX.—Circumferential Tensile Tests on 
Experimental Bars. 
D.T.D. 423A alloy extruded through die of type shown 
in Fig. 14. 0-125-in. square bars. 








| vitimate | 
Radial | 
Bar | Flow in Strength Elongation Type of 
"| Gauge Tons per Per cent. | Fracture 
| Length. | sq. in. 
ont {] Fe | 3 | 8 | Reet 
° ° rous 
Outer Yes 25-7 8 Laminated 
No 26-3 10 Fibrous 




















Comparison with Table V shows that the properties 
of these bars were more uniform around the circum- 
ference and were better in the radial-flow position than 
the previous multi-hole bars. The properties in the 
radial-flow position were, however, still inferior to 
those of the previous single-hole bar. On the assump- 
tion that the billets extruded for this and the previous 
work were similar with regard to degree of casting 
segregation, this arrangement of holes in the die plate 
gives better circumferential properties than the usual 
one, although the improvement is not apparently as 
great as the Plasticine model might indicate. The 
method, however, is considered promising. 

Conclusions.—The circumferential tensile properties 
of bar extruded through a die plate having a single 
central hole are superior to those of bar extruded 
through any multi-hole die plate. The explanation 

ut forward is that the central segregate of the original 

illet remains central in the single-hole bar, but is 
extended radially and is displaced laterally to a position 
at the surface of multi-hole bars (Fig. 4, on page 93), 
where, under circumferential] strain, it causes laminated 
fracture after relatively small deformation. Extrusion 
through multi-hole dies causes radial extrusion flow 
at one or more positions on the circumference of 
the bars, but this does not appear to be a serious 
matter in the absence of segregation. With multi-hole 
die plates, the holes ave normally symmetrically dis- 
posed, but improvement is obtained by placing one 
hole at the centre of the die plate. The billet segregate 
then tends to be confined to the axis of the central bar. 
The structural features observed in the two aluminium 
alloys examined have been closely reproduced by 
materials having such different properties as lead- 
bismuth composites and Plasticine, and should conse- 
quently apply generally to extruded materials. 





RAILWAY CONTROL ROOMS OF THE LONDON MIDLAND 
REGION.—The London Midland Region of British 
Railways are at present carrying cut a major re-organisa- 
tion of their traffic-control system. For this purpose, 
19 control rooms are to be used, all but one of which are 
already in operation. These rooms are provided with 
tel ication equipment, manufactured by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, which enables the District 
Operating Managers to keep in touch with every station, 
signal box, marshalling yard and motive-power depot 
in their area. A geographical train board, with movable 
coloured symbols, enables the position of all freight 
trains to be ascertained. Operations in the western 
division of the region are to be controlled from a central 
office at Crewe, the equipment for which is being manu- 








factured by the same company. 
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NOTES ON NEW BOOKS. 


Practical Workshop Mathematics Illustrated. By Pro- 
Fessor C. A. FELKER. Revised edition by J. L. 
Tromson, M.A., Wh.Sec., A.M.I.Mech.E. ‘Odhams 
ag Limited, Long Acre, London, W.C.2. [Price 
98 ] 


IMPROVEMENTS in machine tools and precision methods 
of fitting make it increasingly necessary for engineering 
craftsmen to have a sound basis of elementary mathe- 
matics in order to understand how their appliances | |, 
work and how to get the best results from them. Most 
mechanical apprentices have opportunities for acquiring 
an adequate background along with practical instruction 
in their trade, but the trained mechanic, and the 
relative newcomer to machine shop or tool room, are 
liable to be confronted with problems for which their 
mathematical equipment proves to be inadequate. 
In his revision of Professor Felker’s book, Mr. Thomson 
has kept in mind the needs of workshop staff of all 
ages, realising the important points that the theoretical 
elements of algebra, geometry and trigonometry must 
precede the intelligent solution of practical machinery 
problems, and that those fundamentals are more 
interesting and easily learned if they are exemplified 
with respect to engineering components and drawings. 
As far as possible this has been done throughout the 
introductory chapters, which take the reader very 
simply and clearly as far as logarithms and the slide 
rule, the solution of plane triangles, and the mensura- 
tion of typical solids. The rest of the book applies 
this fundamental knowledge to the practical operation 
of machine tools, gearing, and the computation of 
work and power. An abundance of admirable diagrams 
and numerical examples, with answers, helps to make 
this a text-book for self-study no less than a valuable 
supplement to technical classes. It includes, moreover, 
a useful selection of mathematical and technical data, 
tabulated to facilitate reference, and an illustrated 
glossary of workshop terms. Alike in arrangement of 
subject matter, clarity of exposition, and care for 
accuracy, this book reveals the authorship of an 
experienced teacher who knows how to meet the needs 
and difficulties that lie between the treatise on elemen- 
tary mathematics and the manual of technology. 


Mining Subsidence : Report of Special Committee of the 
Institution of Municipal Engineers. Published by 
the Institution, 84, Eccleston-square, London, S8,W.1. 
[Price 5s. net.] 


THE Subsidence Committee of the Institution of Muni- 
cipal Engineers was set up in 1944 to investigate the 
problem of damage to local authority interests caused 
by surface subsidence following the extraction of coal, 
and similar damage caused by brine pumping in 
Cheshire. As local records of specific damage and the 
costs of remedial measures have seldom been accurately 
compiled in the past, this 80-page report deals chiefly 
with types of damage and suggestions for remedying or 
minimising it. Widespread damage to buildings. is 
reported from all coalfields, varying in intensity from 
cracked ceilings and walls to complete collapse by the 
crushing of structural members. There is evidence, 
however, that, where reasonable structural precautions 
have been taken, the damage is generally of a super- 
ficial nature which can be cheaply and efficiently 
remedied, and the report contains several practical 
suggestions for precautionary measures. Damage to 
roads and bridge foundations is recorded in all areas, 
and, in some instances, has required considerable 
repairs to put right ; for example, a railway bridge in 
the Rhondda valley had to be raised more than 14 ft. 
in four lifts, while a nearby road bridge subsided 23 ft. 
and had to be entirely reconstructed. Breaking and 
crushing of sewers, the creation of backfalls and the 
distortion of manholes are reported, also considerable 
damage to waterworks, service reservoirs, pumping 
stations and large high-pressure mains. The enormous 
cost of repairing services damaged by subsidence is 
typified by the example of the burgh of Cowdenbeath, 
in Fifeshire, where the average annual maintenance 
charge increases the rates by ls. in the £. Regional 
town planning officers, faced with reports from mineral 
valuers, often take too gloomy a view of possible 
developments, whereas many areas could be developed 
without undue risk by avoiding faulted ground and 
using reasonable structural precautions, such as those 
recommended in the report. The second half of the 
report consists of four appendices dealing with the 
law relating to subsidence, the mechanics of subsidence 
and precautions to minimise damage; but there are 
so many unknown factors in connection with subsidence 
that the committee are unanimously of the opinion 
that the whole problem of subsidence, as it affects 
local authority activities, should be intensively studied 
on a national basis, and that all interested should assist 
in research, in the compilation of accurate data, and 
in the co-ordination of effort towards minimising 


damage without having to sterilise enormous volumes 
of coal. 
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FURNACE APPARATUS. 


599,162. Liquid-Fuel Burner. British Combustion 
Equipment, Limited, W. Kemp, and J. T. Tomlinson, all 
of London. (2 Figs.) September 14, 1945.—This 
invention is a liquid fuel burner constructed so that the 
sprayer can be removed from the air register by which it 
is carried without damaging the liquid-tight joint for the 
fuel supply and with a minimum spillage of hot oil. 
The furnace is provided with an air register a into which 
the burner sprayer 6 is irserted, the body of the sprayer 
carrying a seating c for a ball or cone joint d making 
a liquid-tight connection with the seating when the 
sprayer is in place. The seating is provided with a 
projecting pin e which enters the ball joint and opens 
the spring-controlled ball valve e! to complete the supply 
line when the burner isin place. The ball or cone joint 
is carried by a yoke fitted with a pinching screw g by 
which the yoke may be moved so as to complete the 
liquid-tight joint when the burner isin place. The yoke 
also carries a pin kh which engages an aperture iin the body 





of the sprayer, and the arrangement is such that, when the 
pinching screw has been operated to complete the ball 
joint,the pin enters the recessin the sprayer body, and the 
sprayer therefore cannot be removed until after the yoke 
has been moved so as to retract the ball joint within the 
body of the fitting. In this way, the two parts of the 
joint must be separated completely before the sprayer 
can be withdrawn or inserted, and tbere is therefore no 
possibility of damage being done to the joint faces. The 
sprayer is provided with a central tube k connected to the 
seating for the ball joint and leading to the sprayer 
nozzle I, the central tube being surrounded by one or more 
concentric tubes, such as mn, which complete the hody 
of the burner. The outer end of the tube next to the 
central tube is screw-threaded to take a differential 
diameter sleeve o, the outer end of which is also threaded 
to take the nozzle cap p of the burner. The arrangement 
is such that only the inner relatively small-bore tube k 
can be filled with oj] at any time when the sprayer is 
removed so that the spillage of hot oil is reduced to a 
minimum. (Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


596,911. Fuel-Injection Device. Davey, Paxman and 
Company, ited, and E. P. Paxman, both of Colchester, 
Essex. (1 Fig.) September 29, 1944.—This invention 
is a fuel-injection device for compression-ignition internal- 
combustion engines. Its object is to simplify manufac- 
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ture and to avoid the use of springs, plungers and drain 
pipes in the nozzle construction. The device consists 
of a casing a, to the outer end of which a fuel-delivery 
pipe 6 is connected. This fuel-delivery pipe communi- 
cates with an annular passage c surrounding a nozzle- 
valve part iu the form of a steth d of steel arranged 
axially within the casing a, This nozzle-valve part 
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forms a fixed component and has in its outer end a port e 
through which the fuel passes from the delivery pipe 5 
to the annular passage c. The port e is formed in a 
portion f of enlarged diameter at the outer end of the 
valve part d, having a central bore g which communicates 
with the delivery pipe b and port e. Surrounding the 
nozzle valve d is a cylindrical sleeve hk formed of an 
extensible plastic material. The end of this sleeve 
remote from the fuel-delivery pipe b, is formed with ay 
inwardly-directed annular flange i shaped to form a 
seating which, under ordinary conditions of temperature 
and pressure, is in contact with a coned inner end k of 
the nozzle-valve part d, thus shutting off communication 
between the annular passage c and the combustion 
chamber l. The outer end of the sleeve kh is flanged at 
m, and held in place by a securing nut vn. The nozzie- 
valve part d is pre-tensioned against the resistance of 
the plastic sleeve h by the pressure exerted through the 
nut n. Further application of internal pressure by the 
admission of fuel under pressure to the annular passage ¢ 
causes the sleeve h to be extended slightly and thereby 
allow fuel to flow between its inner end ¢ and the coned 
end k of the steel nozzle-valve part d, whereby the fuel 
is injected into the combustion chamber 1. (Accepted 
January 14, 1948.) 


MISCELLANEOUS. 


595,891. Filters. The Paterson Engineering Company, 
Limited, of London, and E. W. Baily, of Reigate, Surrey. 
(3 Figs.) July 20, 1945.—This invention is a filter con- 
structed so as to reduce the tendency of the bed two 
loosen when the filter is out of operation, so that the 
amount of the first filtrate requiring to be discharged 
before the filtrate runs clear will be very much smaller 
than is required with existing filters. The filter body a 
is surmounted by a filter head b which is screwed to 
receive the filter element. The inlet pipe c formed with 
a down-turned end is fitted with a control valve d. The 
base of the filter body a is conical in shape and is fitted 
with a sludge valve e and a hand-operated air valve /. 
The filter head is also provided with an outlet pipe g 
which can be extended below the level of the element to 
produce a siphon when filled with liquid; it is con- 
trolled by the valve y!. The valve h is used to admit com- 
pressed air or air at atmospheric pressure for removal of 
the bed or as a connection for back-flushing liquid. 
The valve i at the top of the filter head is an air-release 
valve provided to ensure removal of air which would 
interfere with the operation of the siphon. The filter 
element consists of a fluted tubular former k ficted with 
end caps k!, k®, the upper-end cap k! being arranged with a 
joint k™ to close the ends of the flutes in the former k. 














The bottom-end cap k? and the adjoining part of the 
former are arranged so as to leave openings k* com- 
municating between the channels formed by the flutes 
and the bore of the fluted former. At the bottom of the 
former there is a joint 1 and the end cap Il’. A tube m 
extends from the outlet opening in the top cap to the 
bottom of the element. The whole of the former k is 
wound with wire & located in a helical groove. In 
operation, for the filtration of dirty water, the liquid 
enters by the valve d and the pipe c, where entering 
the filter body a at the conical bottom it stirs up the 
filter bed previously introduced, carries this in sus- 
pension and deposits it as a coating n on the filter 
element. The liquid passes through the element in the 
direction of the arrows, and all of it passes first downward 
to the lower part of the filter element and up through the 
inner tube m and out through the filter head 6 and siphon 
pipe g. Ifnow the flow to the filter is stopped and valve f 
opened immediately, the water will continue to siphon 
out of the filter until it falls in the filter body to the level 
of the upper end of the cap k*. The liquid can be com- 
pletely drained out if required by opening drain valve c. 





(Sealed.) 
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THE HARWELL ATOMIC 
ENERGY RESEARCH 
ESTABLISHMENT. 


TuE investigation of the problems of atomic energy 
in this country is the responsibility of the Ministry 
of Supply. For this purpose, Viscount Portal of 
Hungerford, Controller of Production of Atomic 
Energy, directs a production organisation, the 
design headquarters of which are at Risley, Lanca- 
shire, under the charge of Mr. C. Hinton. This 
headquarters is at present supervising the construc- 
tion of a plant at Springfields, near Preston, 
Lancashire, where uranium is to be refined from 
ores and concentrates and where “canned” 
uranium rods will be manufactured. It is also 
concerned with the erection of an establishment 
at Windscale Works, Sellafield, Cumberland, for 
the production of plutonium in high-power piles, 
work on which started about a year ago. Research 
is being conducted at Harwell, Berkshire, under 
Professor Sir John D. Cockcroft, F.R.S., while the 
packing and distribution of the radioactive isotopes 
produced at the latter place will shortly be carried 
out at the Radiochemical Centre, Amersham, 
Buckinghamshire. 





ENGINEERING. 
ment was to carry out fundamental research and 
development on atomic energy. For this purpose 
a graphite low-energy experimental pile, the Gleep, 
was built, and was completed in August, 1947. 
A general view of one face of this pile is given in 
Fig. 1, on this page, and other views appear in 
Figs. 4 and 5, on page 108. While for security 
reasons little can be published about the internal 
construction of this equipment, or about the manu- 
facture of the uranium and carbon employed in its 
operation, it may be said that it depends upon the 
methods of artificially transmuting the elements, 
which were originated by Cockcroft and Walton. 
These methods, it will be recalled, enable large 
quantities of neutrons to be produced and these 
neutrons, as discovered by Hahn, can be employed 
to bring about the nuclear fission of uranium, 
plutonium and thorium. These fission neutrons 
are ejected from the primary fission products and, 
in turn, by causing fission in other uranium nuclei, 
can be used to set up a chain reaction. To ensure 
that such a chain reaction will take place in a 
finite mass of uranium, however, it must be slowed 
down; and this slowing down is best achieved, 
when ordinary uranium metal is employed, by using 
graphite as a “‘ moderator.” 





The Gleep, which is designed to develop about 








Fia. 1. 


GENERAL VIEW OF ‘ 


The Atomic Energy Research Establishment at 
Harwell, with which this article deals, was founded 
in November, 1945, when the Government allocated 
an airfield with a nucleus of accommodation for the 
purpose. In its construction full use has been made 
of existing permanent buildings, and four of the 
original hangars are being employed for the accom- 
modation of the large machines and piles and a cen- 
tral workshop. The majority of the barrack blocks 
have also been converted into physical, chemical 
or biological laboratories. A high-voltage generator 
and diffraction columns for the separation of isotopes 
are installed in the former navigational trainer’s 
house, where chemical engineering work is also 
The ‘‘link trainer” houses the glass 
blowers, while the original airfield workshop is 
being used for machining graphite to precision 
limits ; and columns for the production of “* heavy 
carbon ” for biological research are installed in the 
In addition, a new laboratory is 
being built for work on the chemistry of radioactive 
materials and semi-permanent brick huts are being 
erected for carrying out metallurgical, health and 
medical work. A good deal of living accommoda- 


carried on. 


water tower. 


tion is also available. 


The first duty imposed on the Harwell establish- 


“Gieer”’ 100-KW Atomic Prine. 


100 kW of heat,* therefore consists essentially of 
several tons of graphite and a much smaller quantity 
of natural uranium, which acts as the fissile material. 
To ensure that the escape of neutrons from the 
system is not greater than the required rate, cad- 
mium rods are suspended vertically within the pile 
to control their generation. The position of these 
tods can be adjusted automatically, so that the 
system will run continuously at a suitable energy 
level. The pile can be shut down altogether by 
operating a second series of rods. To measure the 
operating power, streams of neutrons are directed 
into chambers containing boron-fluoride gas and 
produce a small electric current. These chambers 
are visible in the left-hand bottom corner of Fig. 5, 
on page 108, which illustrates the control face of the 
pile. The current from these chambers is trans- 
mitted to a control room, where it is recorded along 





* It should be made clear that, although it seems to be 
the standard practice to rate piles in kilowatts, no elec- 
trical energy is produced. The rating of so many kilo- 
watts means that, as a result of nuclear fission, low-grade 
heat is being produced at a corresponding rate in the 
uranium metal of the pile. One kilowatt, it will be 
remembered, is equivalent to 56°89 B.Th.U.’s per 
minute.—Ed. E. 
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with the temperature and other physical conditions. 
As will be seen from Figs. 1, 4 and 5, the pile proper 
is surrounded by a concrete shield several feet thick, 
to absorb the radioactive emissions. To check this, 
a number of radioactivity monitors are installed in 
the building to measure the amount of radiation 
present. Some of these are visible on the right of 
Fig. 5, on page 108. 

The Gleep is being used at present for the measure- 
ment of the properties of atomic nuclei, for testing 
the nuclear properties of the materials used in the 
construction of piles, and for the production of radio- 
active isotopes for biological, medical and industrial 
research. An average of 80 specimens of radio- 
active isotopes have been prepared monthly since 
September, 1947. To produce the isotope required, 
the substance is weighed out into a small aluminium 
container, which is then inserted in a hole in a 
graphite block, one of which is visible in the right- 
hand corner of Fig. 2, on page 98, and the block 
itself is placed in the pile through a hole in the 
concrete shield, a number of which are visible 
towards the right in Fig. 4. The block is kept in 
the pile until the neutrons have rendered the 
material sufficiently radioactive for the particular 
purpose for which it is required. The samples are 
then withdrawn from the pile by long-handled 
tongs, the operator being protected from the radio- 
activity by the lead tunnel, shown with handles in 
Fig. 2, and are packed in the lead-lined pots, 
which can be seen in the centre of the same illus- 
tration. As a further safety measure, each box of 
pots is carefully measured before dispatch to ensure 
that an accurately determined level of radioactivity 
is not exceeded. 

The construction of the second, or British Experi- 
mental Pile (Bepo), was begun in one of the original 
hangars in June, 1946. This work was complicated 
by the fact that it was necessary to raise a section 
of the roof without disturbing the foundations. 
This problem, however, was solved by erecting a 
Bailey bridge over the excavation as a support. 
The main steel framework was fabricated at H.M. 
Dockyard, Devonport, while many of the com- 
ponents were manufactured at the Royal Ordnance 
Factories. Special workshops were also set up at 
Harwell for machining the graphite blocks required 
in the pile, while the uranium metal was cast at the 
Rocksavage factory of Imperial Chemical Industries, 
Limited, and at the Ministry of Supply Factory, 
Springfields, Preston. This second pile has a rated 
output of 6,000 kW, although it is only slightly 
larger than the Gleep. It has been designed pri- 
marily as an experimental tool and will be used for 
testing the effect of high-intensity radioactivity on 
the structure and physical properties of the materials 
that will be used in future piles. It will also be the 
main source of radioactive isotopes for medical 
and research purposes in this country and will 
enable these materials to be supplied to the Common- 
wealth and other countries. It was started up on 
Saturday, July 3, and is expected to be in full 
operation by October next. 

Like the Gleep, the new pile is of the graphite- 
moderated air-cooled type, and consists of several 
hundred tons of graphite blocks in which a large 
number of cylindrical rods of uranium are arranged 
in a regular lattice. These rods are enclosed in 
aluminium casings and are cooled by air, which is 
drawn in through channels in the graphite, so as to 
remove the heat generated in the fission process. 
The hot air is discharged through a 200-ft. chimney 
stack, but some of it will be used for heating the 
laboratories. The pile is surrounded by a concrete 
shield several feet thick, so that the whole forms a 
cube with faces 400 ft. square. All the faces are 
covered with glossy lilac-coloured paint and are 
pierced with a number of inspection ports and 
control positions, which are outlined in a turquoise 
shade for identification. These ports, which can be 
plugged when not required, give access to the 
fluxes of neutrons inside the pile and are also used 
for the insertion of the elements which it is desired 
to render radioactive. The operation of the pile 
is controlled by two sets of neutron-absorbing rods, 
one of which is adjustable, as previously men- 
tioned, so as to maintain a constant power level. 
The second set, which is operated pneumatically, is 








designed to shut down the pile automatically if 
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overheating occurs, or if an undesirable degree of 
radioactivity is indicated by the monitors. Any 
failure in the electric power supply or in the air flow 
also causes these shut-off rods to be actuated. 

In addition to the atomic piles, several machines 
are being built at Harwell for the acceleration of 
particles in connection with experimental work in 
nuclear physics. These include the Cyclotron, 
which is being erected in one of the larger hangars 
and is shown in course of construction in Fig. 3, 
on this page. This Cyclotron, which is 110 in. in 
diameter, consists essentially of a magnet weighing 
700 tons. Each pole of this magnet will carry six 
pairs of windings, some of which are visible on the 
lower pole in the illustration. In all, some 70 tons 
of copper will be used for this purpose and at maxi- 
mum power the current consumption of the magnets 
will be 600 amperes at 500 volts. It may be recalled 
that in apparatus of this kind a beam of charged 
particles is produced between two hollow D-shaped 
electrodes, which are contained in a vacuum cham- 
ber and are connected to a high-frequency oscillator, 
giving a peak voltage of some 40 to 50 kV. At 
Harwell, the vacuum chamber will be placed in the 
12-in. gap between the poles of the magnet and, 
when the strength of the field and the frequency of 
the oscillations are suitably adjusted, will cause the 
charged particles to circulate in synchronism with 
the former. In this way they acquire energy at 
each transit and move in steadily widening orbits 
towards the periphery of the field where they have a 
potential of some 200 million electron volts. They 
are then deflected out of the chamber by a strong 
local field and can be used to bombard and break up 
atomic nuclei, and will also release mesons. The 
Cyclotron will enable experiments on nuclear physics 
such as at present can only be carried out at the 
University of California, to be conducted at Har- 
well. It is hoped that this apparatus will be com- 
pleted by the end of the present year. 

The 5,000,000-volt van de Graaf generator, which 
also forms part of the equipment of the establish- 
menty is illustrated in Fig. 6, on page 108. This 
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genefator consists essentially of a row of needle 
points. A corona discharge from these points is | 
“‘sprayed”” on to a belt of insulating material, | 
which is run at a speed of 60 m.p.h. inside a metal | 
casing, the latter being supported on insulating | 
columns. The charge is removed from the belt by a | 
second series of needle points, when it reaches a 
small rounded terminal at the top of its run. During 
operation, the apparatus is enclosed in a pressure 
chamber, the lower flange of which is visible at the 
top of the illustration. This chamber is lowered 
and secured by the hinged bolts shown at the bottom 
of Fig. 6, when the apparatus is in use and is filled | 
with gas at a pressure of about 200 Ib. per square 
inch to prevent sparking to earth. An auxiliary 
supply of power provides the voltage of 50,000 volis, 
which is necessary to initiate the discharge. The 
5,000,000 volts output is used to speed up hydrogen 
nuclei in a vacuum tube in the ceatre of the machine 
for experimental purposes. 

The atomic energy research programme, for which 
the Establishment is responsible, includes a number 
of difficult chemical and chemical engineering pro- 
blems. For instance, not only fission products, but 
plutonium, is produced from the uranium in the 
pile. This plutonium is toxic and must be separated 
from the uranium. In doing so, precautions must 
be taken in handling it, and similar precautions must 
be taken in dealing with the radioactive fission pro- 
ducts. The radio-chemical laboratory has, there- 
fore, been designed so that in it all types of radio- 
active materials can be safely handled in laboratory 
quantities. It consists essentially of two wings 
containing a number of suites, each of which is 
made up of a laboratory for radioactive work and 
an office. Access to these suites is obtained from 
a corridor through a vestibule and they are, there- 
fore, easily isolated from the rest of the building, 
in which the laboratories for normal work, as well 
as Offices, stores and a conference room, are situated. 
Instruments for detecting the presence of radio- 
activity on the hands and feet of the personnel, and 
facilities for washing, will be installed in these vesti- 
bules and main changing rooms. As a further pre- 
caution, some of the eperations will be remote con- 





trolled. Work involving large amounts of radio- 








Fig. 3. 
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activity will be carried out in concrete chambers at 
the end of the active wing away from the administra- 
tive block. All ordinary radioactive work will be 
performed in well ventilated fume cupboards. These 
arrangements have necessitated the provision of an 
exceptionally large system of air ducts, which occupy 
the whole of the upper floor of the building. The dis- 
persion of radioactive dust into the atmosphere is 
prevented by passing the air through electrostatic 
filters. 

Until this radio-chemical laboratory is completed, 
all radio-chemical work in which more than very 
small amounts of radioactivity are involved will be 
carried out in a converted barrack block, which 
has also been equipped with a special ventilation 








Maanet Durina ERECTION. 


system. Samples from the piles are dissolved on 
a special bench in this laboratory, and the resulting 
solutions are then subjected to chemical treatment 
to extract the radioactive elements. These opera- 
tions are carried out behind the 4-in. lead wall, as 
shown in Fig. 7, on page 108, and are controlled 
either pneumatically or mechanically by means 
of rods. This enables the solutions to be trans- 
ferred, heated, filtered and otherwise treated without 
exposing the operators to radioactivity. More- 
over, while the processes themselves are being 
performed, the interior of the lead-walled chamber 
can be inspected by a mirror. Smaller quantities 
of radioactive materials are handled in fume cabi- 
nets behind lead walls, tongs being used to mazi- 
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the beakers and test tubes. The apparatus 
employed is invariably placed on a stainless-steel 
tray to restrict the spread of radioactivity in case 
of an accident. 

An experimental plant is also being built at 
Harwell for the separation, by fractional distilla- 
tion, of the carbon isotope of mass 13 for which there 
is a considerable demand. The process employed 
makes use Of the small difference, of about 0-1 deg. 
f., between the boiling points of the compounds of 
the two isotopes. The apparatus used comprises a 
vertical column with a “‘ boiler ” at the bottom, from 
which liquid carbon monoxide is distilled. Produc- 
tion of the carbon isotope is at the rate of about 
0:3gm. a day. Separated isotopes of oxygen are also 
to be produced and utilised in biological and medical 
research. In addition, a small scale electromagnetic 
separator for other elements has been built, while 
a much larger instrument of the same type is under 
construction. 

A Health Physics Group has been formed at the 
Establishment for carrying out general monitoring 
and survey work, so as to check hazards to health 
and to advise on appropriate precautionary proce- 
dure. For this purpose, all members of the staff 
who are exposed to radioactivity carry sensitive 
radiation films or pocket chambers, while regular 
surveys are carried out with portable monitors to 
check the radioactivity level in the laboratories. 
Fixed monitors are also installed in these areas, and 
air samples are taken in them at intervals for 
investigation. As a further precaution, entrance 
to certain areas is restricted to authorised personnel. 
All the staff are medically examined on joining the 
Establishment and thereafter at regular intervals. 

To ensure that any effluent which may have 
become highly radioactive during its employment 
at the Establishment is not returned to the Thames, 
it will be specially segregated and dealt with. Any 
less highly charged effluent will be delivered to 
storage tanks, where, after test to see that it com- 
plies with agreed tolerances, it will be treated for 
chemical impurities, mixed with domestic waste 
water and discharged over a weir into the Thames 
at Sutton Courtenay. It will thus be turbulently 
mixed with much greater quantities of river water 
immediately it joins the main stream. 

The principal workshop of the Establishment is 
situated in a converted hangar and covers an area 
of about 4,500 sq. ft. It is divided into sections for 
dealing with instrument manufacture, medium and 
heavy maehining, light fitting and sheet-metal work, 
and heavy fitting and erection. 

Summing up the work of the Establishment at a 
recent Press visit, Sir John Cockcroft said that the 
so-called “* breeding” problem must first be solved, 
i.e., @ way must be found of burning up the greater 
part of the uranium in the pile by making the prim- 
ary fuel U235 produce U238 or thorium. Secondly, 
the metallurgical problem of finding materials 
which would stand high temperatures and be 
suitable for use in pile construction had to be solved. 
Thirdly, an efficient method of processing the 
nuclear fuel which had been used in the pile must 
be developed; and fourthly, a way must be 
discovered of disposing of the large quantities of 
radioactive ash which would be produced by 
power stations operatng on nuclear fuel. He 
added that the solution of these problems was going 
to take time, and that ‘‘no serious person working 
in the field believes hat nuclear energy will make 
any contribution to world power during the next 
decade.” 

The photographs reproduced to illustrate this 
article are Crown copyright. 





LIGHT-WEIGHT CINEMA Roor.—A new cinema, believed 
to be the first licensed for construction in this country 
since the end of the war, has recently been opened at 
Rye, Sussex. The roof, which was designed and built 
by Messrs. Structural and Mechanical Development Engi- 
neers, Limited, Slough, was constructed of aluminium- 
alloy members. The span of the roof is 60 ft., and, al- 
though the trusses are shallow, with substantial bracing 
members, the heaviest weighed only about 7 cwt. to 74 
cwt., and was erected with the aid of a 5-in. scaffold pole. 
The roof is covered with asbestos-cement corrugated 
Sheets, and the ceiling consists of % in. of plaster 
on Hy-Rib aluminium-alloy reinfercement, which, in 
turn, is carried on an alloy frame on the trusses. 
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Tables Numériques Universelles des Laboratoires @& 
Bureaux d@’Etude. By Marcet BoLt. Dunod, 92, 
Rue Bonaparte, Paris, (VIe.) [Price 3,200 francs.] 


In his time, M. Boll has written works on logic, 
mathematics, physics and chemistry, and his versa- 
tility is reflected in this handsome 880-page volume, 
which must contain the largest and most diverse 
collection of mathematical tables yet brought 
together under a'single cover. It aims at meeting 
all ordinary demands of scientific and technical 
computation, and more than a third of the material 
is here presented for the first time. In view of the 
range and variety of these demands, this is an 
ambitious undertaking and, in some respects, the 
wisdom of attempting it may be questioned. Every 
serious computer should possess at least Barlow’s 
tables, the multiplication tables of Peters orCrelle, 
tables of the natural trigonometric functions and of 
logarithms, and it should not be necessary to repeat 
their contents. That pride of place is still accorded 
to logarithms is a common but serious defect in 
mathematical education; M. Boll relegates them 
to their proper place and offers the appropriate 
alternatives. Another feature to which attention 
is drawn in the excellent introductory remarks is 
the use of reduced equations (such as that of van 
der Waals) which, by a suitable change of scale, 
become universally applicable. The considerable 
number of graphs, carefully drawn on a large scale, 
will be most useful, and would be more useful if 
the interval between graduations had not been of 
the order of 1-65 cm., which makes readings from 
them unnecessarily complicated. While the number 
of significant figures in the tabular entries varies 
from table to table, it is generally ample for the 
practical needs for which the tables are designed. 
Where a particular table serves several purposes, 
these are indicated ; for instance, the heading of the 
table of harmonic means (pages 168-175) directs 
attention to its use for calculations in electricity, 
optics and acoustics. A reasonably complete biblio- 
graphy follows the introduction. The reference to 
Barlow’s tables requires amending, since, in the 
fourth edition (1941), Dr. Comrie has extended the 
tables from 10,000 to 12,500. 

The tables proper are divided into six parts and 
contain such a wealth of material that it will only 
be possible to mention some of the more important 
or less usual tables. The first part (Arithmetic, 
Algebra) contains 40 tables and 18 graphs. Among 
the less familiar tables are those giving reactances, 
impedances and phase angles, geometrical and har- 
monic means, molecular refraction and polarisation, 
resonance frequencies and wavelengths of oscillating 
circuits, and relativity correction factors. In the 
table of divisors and prime numbers (pages 62 to 70), 
419 and 443 should be added to the list of prime 
numbers, while 4227, 4441 and 8279 should read 
4217, 4451 and 8269, respectively. In the first of 
the approximation formule on page 55, a* and a*® 
should read a, anda, the heading on the right of 


page 177 should be A ./ B; and that on the left of 
pot 


N 
page 183, D 


The second part (Trigonometry) includes 38 tables 
and 39 graphs. In addition to the standard tables 
of the natural trigonometric functions and roots of 
trigonometric equations, there are tables relating to 
regular polygons and those giving sectors, seg- 
ments, etc., of circles, tables for calculating the 
self-inductance of flat and long coils, tables of 
elliptic integrals, Fresnel integrals, sine, cosine and 
logarithmic integrals, Legendre polynomials and 
solid angles. In the table of Fresnel integrals 
(pages 362-3), there are errors in the values of X 
corresponding to the values 0-1, 0-8, 1-1, 4:5, 
5-1, 5-3 and 5-4 of z and for the value of Y corre- 
sponding to z= 7-3. Most of these are listed in 
the April, 1945, number of Mathematical Tables and 
Aids to Computation. The corresponding values of 
X?-+ Y* likewise require correction. The fourth 
figure in the value of B,, (page 233) should be 
3 instead of 8, and the first 4 in the value of the 
first definite integral on page 366 should read 3. 





The third term in the series for tgz on page 232 
2Qa5 
should be Te’ and, in the expression for P, on 


page 370, the first term in the numerator should 
read 231 p. 

The third part under the title “ Exponentials ” 
contains 44 tables and 28 graphs. Among them 
are an extended set of double-entry tables to 
facilitate financial computations, tables of the 
curves of physico-chemical equilibrium and of 
evolution, of Langevin’s equation of paramagne- 
tism, of the values and integrals of the three func- 
tions of Planck, and of Einstein and Debye’s 
specific-heat functions. To the engineer, the tables 
of the damped sinusoid, of the three degrees of 
damping, of forced oscillation and resonance, should 
be particularly helpful. In the third definite 
integral from the foot of page 431, z should read z, 
and y™ towards the middle of page 493 should 
read y,,, and the heading of the third column on 
page 526 should be e272X, 

The author’s special interest in Probability is 
shown in the unusually wide range of numerical 
data assembled in the fourth part, the 40 tables 
and 19 graphs in which will be of inestimable service 
to statisticians. The headings of the columns at 
the top of page 562 should be K,, and not K*"; 
© at the top of page 636 should read c,; and Q, 
on lines 4 and 6, should read J ; while Ln on line 5 
of page 658 should be L,. The fifth part, containing 
19 tables and 14 graphs, relating to complex num- 
bers, will be useful to the electrical engineer in cases 
where the more extensive tables of Kennelly and 
Hawelka are not called for. There are also tables 
to facilitate the solution of quadratic and cubic 
equations and a short section on Bessel Functions. 
Towards the top of page 695, n? should read r°, 
while a ¢ is missing lower down the same page. 

The last part is devoted to units and constants, 
and comprises 36 tables and four graphs. A con- 
siderable proportion of these are conversion tables, 
multiples of fundamental constants alone or in 
combination, and of the factors required in chemical 
analysis. Among the remainder are frequency and 
wavelength tables, and spectroscopic and radiation 
tables. A comparison of the Transmission Tables 
on pages 756-7 with the Decibel Tables issued 
by the Bell Telephone Laboratories reveals a 
number of last-figure errors, apparently due to 
neglect of the usual rule for rounding off. This also 
applies to certain of the other tables, for example, 
those of Legendre polynomials. 

In nearly all cases, the interval of tabulation is 
such as to permit of linear interpolation, though 
one of the main defects of these tables is the absence 
of inter-linear differences. Only in a few cases is 
more accurate interpolation necessary. Brief but 
clear directions are given for carrying out both 
types of interpolation in tables of single entry and 
for linear interpolation in tables of double entry. 
A very complete and detailed alphabetical index is 
provided. The standard of printing is high, though, 
as the paper is on the thin side, there is an occasional 
tendency to print through. 

The utility of a set of tables depends primarily 
upon their accuracy, and the elimination of error from 
so large a set of tables as these is a task of con- 
siderable magnitude in achieving which all users 
of them can and should co-operate. Some of the 
existing errors have been indicated ; there are also 
numerous minor blemishes, such as wrong references 
to pages or figures, and, here and there, a letter or 
figure missing. Pending the publication of a second 
edition, it is to be hoped that the publishers will 
make available a list of errata. Both in conception 
and execution, this is an outstanding work, which 
every computer will wish to own, though not all 
will be able to afford it. 





CAREERS IN TEXTILE ENGINEERING.—A booklet, 
published by Messrs. Platt Brothers (Sales), Limited, 
Oldham, gives details of what the firm’s constituent in 
Textile Machinery Makers, Limited, Oldham, can furnish 
in the way of an interesting and progressive career. 
The plant manufactured by the textile-machinery 
industry is dealt with in an interesting résumé and the 
various apprentice schemes available to prospective 
entrants are set out in full. Information regarding 
schelarships, research fellowships, rates of pay apd 
recreational amenities are also included. 
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DYNAMOMETER CAR 
FOR ILLINOIS CENTRAL 
RAILROAD. 


THE equipment employed for determining, under 
running conditions on the track, the performance 
characteristics of locomotives and the tractive 
resistance of rolling stock is a perennial source of 
interest to the more mechanically-minded among 
railway amateurs, as well as to professional railway 
engineers. The subject is especially prominent 
at the present time in view of the interchange trials 
of locomotives now being conducted among the 
various Regions of British Railways, and of the 
brief account of the new dynamometer car, designed 
by the London Midland and Scottish Railway and 
nearing completion at the Derby Works, which 
Dr. H. I. Andrews included in the paper on ‘‘ The 
Mobile Testing Plant of the L.M.S. Railway,” 
which he presented to the Institution of Mechanical 
Engineers on April 16 last. Dr. Andrews’s paper 
was reprinted, in abridged form, on pages 596 and 
620 of the previous volume of ENcINEERING. While 
the main principles of railway dynamometry are 
well established, successive designs of the apparatus 
used almost always embody novel features or instruc- 
tive details which are the outcome of previous testing 
experience. 

From these standpoints, as well as for the reasons 
that the operating conditions, sizes and types of 
American locomotives and rolling stock differ in 
many respects from those of British railways, the 
construction of a new dynamometer car for use on 
the Illinois Central Railroad in the United States of 
America is a notable event. This car was actually 
completed in 1943, but, doubtless on account of the 
war, has only recently been described, in one of the 
well-known and widely-appreciated Bulletins* of 
the University of Illinois, by Professor John K. 
Tuthill, who is Associate Professor of Railway 
Electrical Engineering in that University, at Urbana. 
The University of Illinois has a long record of high- 
class research work directed especially to railway 
problems and members of its engineering department 
have been closely concerned, under the supervision 
of Professor Tuthill, in the design of the new car. 
The latter is apparently to be owned and operated 
jointly by the Railroad and the University, serving 
appropriate research purposes of the University 
staff as well as providing operating data for the 
railroad and incidentally, affording practical 
training to students of railroad engineering. 

The University of Illinois, distinguished for the 
work of Young, Schmidt, Talbot, and many others 
on railway locomotives, rolling stock, track and 
materials, became interested in dynamometer-car 
testing in 1898, when a car, built by the Peoria and 
Eastern Railway (now incorporated in the New 
York Centra] System), was equipped by the Univer- 
sity. It was fitted with hydraulic apparatus, addi- 
tional to train-resistance instruments, for auto- 
graphically recording the character of the surface 
and joints of each rail, the deviations from gauge 
and the superelevation on curves. For that purpose 
the car was fitted with a two-wheeled auxiliary 
truck midway between the four-wheeled carrying 
bogies, and a somewhat similar truck, capable of 
being lowered to the rails and raised off them, was 
used on a subsequent car to measure the distance 
travelled. The truck, however, was removed after 
some time in service and replaced by a geared-axle 
drive from one pair of the road wheels on which 
the treads were turned to cylindrical profile. This 
second dynamometer car, originally built in 1900 
and modified at various later dates, was finally, in 
1937, fitted with a Leeds and Northrup Micromax 
potentiometer-type speed recorder. 

These developments, arising out of practical 
testing experience, are mentioned here as having 
a bearing on the equipment of the latest dynamo- 
meter car, designated No. 30, which was built by the 
Illinois Central Railroad at its Burnside Shops in 
1943. It weighs 624 tons, measures 60 ft. long by 


* The Railroad Dynamometer Car of the University of 
Illinois and the Illinois Central Railroad. By Professor 
John K. Tuthill. University of Illinois Bulletin, Vol. 
45, No. 11; Engineering Experiment Station Circular, 
Series No. 52, October 4, 1947. [Price 20 cents.] 
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8 ft. 6 in. wide inside the body, and is of heavy steel 
construction for operation in any type of train 
service. It is not, at present, air conditioned, but is 
heavily insulated and adequately heated and venti- 
lated to permit comfortable working in all but the 
hottest weather likely to be encountered. An air- 
conditioning plant, or the alternatives of dispersed 
small cooling units, are under consideration by the 
designer. 

The main operating room, 21 ft. long, is at the 
front end of the car and contains, in addition to the 
recording table, a desk and filing cabinet, lockers 
for completed charts and a stock of recording paper, 
a small work-bench, and an electrical panel on 
which are mounted all circuit terminals, control 
switches and protecting devices, designed to facili- 
tate the interchange of circuits among all the 
electrical instruments that may be in use. Occupy- 
ing the middle third of the car, with access from a 
side corridor, are two staterooms, each with berths 
for four men, fitted with lockers and removable 
tables. Beyond the sleeping quarters are a wash- 
room, toilet and shower-bath fed by 600-gallon 
storage tanks in the roof. The rest of the car is 
taken up with a kitchen containing a cooking-range 
to burn charcoal, an oil-burning boiler for space- 
heating and domestic hot-water, ice-boxes and food 
cupboards, and stainless-steel sinks. Alongside the 
heater, in a semi-airtight and soundproof compart- 
ment, is a Diesel-driven 32-volt direct-current 
generator for charging a 32-volt car-lighting battery 
and for supplying experimental electric power at 
constant voltage. It is used mainly when the car 
is at rest or on such slow-speed service that the 
normal axle-driven generator cannot keep the 
battery charged, but it also provides an additional 
supply as may be needed for special tests. The 
enclosed engine room is force-ventilated directly 
from and to the outside air, through adjustable 
louvres in the car wall. 

The recording arrangements, in general principle, 
follow conventional practice, in that the variables 
to be measured during a test are contjnuously 
graphed, by mechanically-actuated pens, on a wide 
roll of paper which is traversed over a horizontal 
table by an appropriate method of drive. In subse- 
quent analysis, the recorded data, such as pull at 
the locomotive drawbar, speed, etc., are related to 
one another and to features of the track, thus 
enabling resistance and performance characteristics 
to be determined quantitatively. An entirely new 
recording table has been designed and constructed 
for the new car by the University of Illinois. It 
takes paper 30 in. wide, of white utility sulphite 
quality on which any good, fairly rapid-drying 
fountain-pen ink traces satisfactorily. The paper 
is supplied in rolls of 10 in. outside diameter, wound 
on 3-in. diameter cardboard or fibre cylinders. It is 
pulled, under tension by steel rolls, over the recording 
table, the finished chart being wound on to a 3-in. 
wooden roller. 

Certain types of test, for example where braking 
or acceleration are of special interest, demand high 
paper speeds to give open records when train speeds 
are low. Provision is therefore made for the chart 
to be driven, if desired, through variable gearing 
by an electric motor. The more usual alternative, 
however, is for the paper to be driven by the road 
wheels at a speed proportional to that of the car. 
For this, and other purposes to be mentioned later, 
the inner (i.e., nearer the middle of the car) pair of 
wheels on the bogie under the recording end of the 
car are turned to have cylindrical treads and are 
without brake shoes. On the axle which joins them 
is mounted a Spicer gear drive—a standard piece of 
equipment on the Illinois Central Railroad—from 
which a horizontal shaft is connected, through two 
universal joints and a sleeve joint, to a gearbox 
welded to the underframe of the car. An extension 
of this horizontal shaft beyond the gearbox carries a 
V-pulley which drives a standard car-lighting 
dynamo. A vertical driven shaft from the gearbox 
extends through the floor of the car into the record- 
ing compartment where it passes, via a clitch, to 
drive a horizontal bevel gear meshed with two 
similar gears arranged so that the horizontal shaft 
carrying them always turns in the same direction 
irrespective of the direction of travel of the car. 
This important horizontal shaft carries a circuit- 
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maker actuating a chart pen to record distange 
travelled, a clutch to drive the chart itself, and two 
gear wheels of different diameters which govern the 
speeds of two electric tachometer generators giving, 
respectively, a traced record and a visible diaj 
reading of the speed of travel of the car. The most 
convenient paper speeds have been found to be 
3-3, 13-2 and 52-8 in. of paper per mile of track, 
but by alteration of the gear ratios in the box welded 
to the underframe any other desired rate of paper 
travel can be obtained and allowance made for 
different diameters over the treads of the road 
wheels. The gears near the foot of the recording 
table are oil-immersed in a case which serves as 
safeguard and reduces noise inside the car. 

The designers have been at some worth-while 
trouble to provide space for the testing observers 
to pass right round the recording table and make 
any necessary adjustments. Among the latter 
attention to the recording pens usually predominates, 
but the ‘“Ink-O-Graph” pens used in this case 
are said to be very satisfactory, demanding a 
minimum of cleaning and sufficing with one filling 
for over 500 ft. of paper trace, the sole exception 
being the drawbar-pull pen. The pens are mounted 
vertically in sliding rods or levers which are moved, 
either momentarily by solenoids responding to 
electric signaJs (as in the case of timing marks), or 
continuously by appropriate mechanisms (as in the 
case of drawbar pull). Under normal testing 
conditions fifteen records are traced simultaneously 
along the chart, the arrangement from one side of 
the paper to the other being as follows :— 

Time, in 5-second intervals. 

Water fed to boiler by injectors on left- and right- 
hand sides. 

Consumption of coal or other fuel. 

Engine data: cut-off, regulator opening, boiler 
pressure, steam-chest pressure, back pressure, steam 
temperature. 

Wind direction, together with a zero datum line. 

Train speed, - ie 

Signals of indicator diagrams taken. 

Signals of mile posts passed. 

Wind speed. 

Brake-cylinder pressure, and datum line. 

Integrated work-done record. 

Operator’s miscellaneous information. 

Drawbar pull, and zero datum line. 

Time, in 5-second intervals. 

It will be noticed that identical timing marks 
are duplicated at the outside edges of the chart 
the two pens being mounted on the same rod. 
This is done deliberately so that a straightedge 
laid to join simultaneous marks defines the time 
accurately and easily right across the chart and 
helps in checking alignment of the other pens. 
The time signals are derived from a General Electric 
instrument which can provide }-second and 1-second 
offset marks in addition to the more generally 
useful 5-second signals, by means of a circuit 
maker, operating through a relay from the balance 
wheel of a timepiece. Two other timing devices 
are available for special tests. One is a Jaquet 
chronometer, giving $-second signals to an “extra” 
pen through a relay and solenoid. The other is a 
four-pen chronograph, recording on a separate 
chart which can be easily synchronised with the 
main chart. It shows time intervals of 1/200 second 
derived from a 50-cycles per second electrically- 
maintained tuning fork. 

The water passing through each injector is 
measured by recording flow-meters which close 
an electric circuit every time the rotor in the meter 
has completed a prescribed number of revolutions. 
Prior calibration of each meter, and measurement 
of the time interval between successive pen signals 
on the chart, enable the average feed-water consump- 
tion to be computed with adequate accuracy. The 
means adopted for recording coal consumption 
depends on the use of a mechanical stoker on the 
locomotive. A worm gear added to the stoker- 
driving shaft incorporates an electric contact maker, 
whereby the recording pen marks the chart. The 
arrangement, which indicates increments of 21-8 lb. 
of coal for a Type B Standard Stoker, is said to 
have given accurate and consistent results during 
calibration by direct weighing of the tender and 
its diminishing content of coal. Included in the 


” ” 





ance 


= 
ving, 


most 
0 be 
rack, 
‘ded 
aper 
> for 


‘ding 


as a 


rvers 
nake 
atter 
ates, 


1" 8 
illing 
ption 
inted 
ved, 


:), Or 
1 the 
sting 
ously 


le of 
ight- 


oiler 
team 


line. 


chart 


edge 
time 
and 
pens. 
-ctric 
cond 
rally 
ircuit 
lance 
Vices 
rquet 
‘tra 
‘isa 
arate 
1 the 
cond 
cally- 


yr is 


neter 
tions. 
ment 
gnals 
ump- 

The 
ption 
n the 
oker- 
aker, 

The 
-8 Ib. 
id to 
uring 


1 the 





JULY 30, 1948. 





ENGINEERING. 





IOI 











water- and coal-consumption recording circuits are 
electric counters, mounted on a panel attached to 
the recording table, which show the total number 
of times the contacts have been made and thus 
give & measure of the consumption up to any given 
time of observation. 

Three telephone circuits, comprising an ordinary 
breast-type transmitter and headphones, a Larynga- 
phone throat set, and an Electro-voice lip micro- 
phone, provide communication between the foot- 
plate and the dynamometer car, tosuit low or high 
noise levels. Additional push-button circuits, caus- 
ing one or more of the recording pens to mark an 
offset on the chart, are included in a multicore 
jumper cable plugged between the rear end of the 
tender and the front end of the dynamometer car. 
By their aid a test observer on the footplate signals 
on the chart all changes of pressure, regulator 
position or cut-off at the moment they occur, and 
then announces the details of the change to the 
observer in charge of the recording table, who 
writes the information on the chart at the mark. 
Similar record is made every time an indicator card 
is taken ; and also whenever a mile post is passed, 
observation of these and other events associated 
with the track being made through a projecting 
look-out on either side wall of the car. The look-out 
windows are glazed with shatter-proof glass and 
situated so that the table operator can himself 
observe mile posts in case the crew is short-handed. 
For trials conducted at night time, spot-lights can 
be turned, momentarily, on to the mile posts. 

The dynamometer, for measuring the drawbar 
pull exerted by the locomotive on a test train headed 
by the dynamometer car, is the most important item 
of the equipment. It is of the “‘ hydraulic ” type, in 
which the force exerted by the drawbar is converted 
into oi] pressure in a closed system, and reconverted, 
at the remote end, into the proportional displace- 
ment of a spring-controlled piston which actuates 
the ‘‘drawbar pull” pen on the recording table. 
The drawbar is attached through a strong yoke, 
supported on rollers to minimise friction, to the rear 
end of a piston which fits closely in a massive cylinder 
riveted to the underframe of the car in line with the 
drawgear. The piston and cylinder, nominally 
10 in. in diameter, are ground to fine clearances, and 
no piston rings or rod packings are used since the 
piston is 7} in. long and the oil leakage which takes 
place around it—trifling even at maximum drawbar 
pull—merely serves as useful lubrication, after which 
it is collected in a drip tank and returned to a make- 
up tank by air pressure. The piston, which has a 
total possible stroke of 7} in., compresses the oil on 
only one, viz., its forward, side so that it does not 
indicate negative drawbar pull, i.e., buffing force. 
When the car is being pushed at the dynamometer 
end, the yoke connected to the drawgear moves 
freely backwards over the piston rod of the oil 
cylinder. Oil from a make-up or supply tank is 
injected into the hydraulic system by a hand pump 
at a time when, the train being at rest or travelling 
downhill, no pull is exerted by the drawbar. With 
appropriate attention to the drawbar-pull record, 
the oil system may also be replenished while the car 
is in operation. The grade of oil used is varied to 
have a suitable viscosity depending on ambient 
temperature, and from that specified as 
8.A.E.20, in cold weather, to S.A.E.50 for the 
hottest summer days. The oil system incorporates 
all valves, tanks and gauges necessary for con- 
veniently filling, draining and maintaining the equip- 
ment. 

The drawbar-pull recorder, in which the fluctua- 
tions of oil pressure, corresponding to those of the 
tractive force in the drawgear, produce proportional] 
displacements of a piston, is identical in principle 
with a piston-and-spring type steam-engine indica- 
tor, though it is larger and heavier, and is without 
any “‘ parallel-motion ” device. It can be ada 
to various types of locomotives and weights of train 
by alternative cylinder linings, having, respectively, 
3, 1 and 1} sq. in. area of bore. Each size of liner 
has a piston ground to a fine clearance fit, and a 
series of five springs is provided, ranging in strength 
from 100 Ib. to 700 Ib. per inch of extension. The 
leverage in the mechanism by which the drawbar- 
pull pen is moved by the indicator piston provides 
a sixfold magnification. Hence, by suitable com- 





binations of springs and cylinder bores, convenient 
ordinates of drawbar-pull record can be obtained 
whether the test train is a light or a heavy one. 
Periodically, the dynamometer system is statically 
calibrated by connecting to the oil system a dead- 
weight tester, in principle of the type used for 
calibrating steam-pressure gauges but capable of 
exerting pressures up to 2,000 Ib. per square inch. 
Such calibrations indicate a truly linear relationship 
between drawbar pull and displacement of the 
recording pen. 

The speed and direction of the wind, relative to 
the train, which are needed for the complete analysis 
of resistance trials, are measured by instruments 
projecting 2 ft. above the roof of the car, situated 
approximately over the recording table, being 
respectively about 15 ft. and 20 ft. from the leading 
end of the car. The roof is otherwise largely un- 
obstructed ahead of them, but it is to be expected 
that, in the positions they occupy, their indications 
will be impaired by the influence of the locomotive 
and the dynamometer car itself on the airflow. 
The wind-speed device is a four-cup Robinson-type 
anemometer which closes an electric circuit and so 
causes the wind-speed pen to mark an offset on the 
chart every time 1/10 of a mile of wind 
the anemometer. Hence the resultant wind speed 
can be deduced from the time scale, also on the 
chart. Wind direction is measured by a simple, 
mass-balanced vane on a vertical shaft which 
passes down to the recording table and gives a 
linear pen movement through the agency of a 
“Scotch Yoke” mechanism. The direction of the 
resultant wind, and the speed and direction of 
the natural wind, if required, can be deduced 
geometrically with a knowledge of the train 
speed. 

The continuous record of train speed, relative to 
a zero-speed datum on the chart, is provided by a 
Leeds and Northrup potentiometer-type a 
chosen for its ability to withstand shunting shoc 
without damage and to give reliable indications at 
low speed. A magneto generator, driven from the 
car wheels through the recorder gearbox, supplies 
a voltage directly proportional to the speed of 
wheel rotation, and hence proportional to the 
speed of travel of the train. The Leeds and North- 
rup instrument converts that voltage into dis- 
placement of the speed-recording pen, to a scale of 
1 in. equals 10 miles per hour. The standard instru- 
ment has been “speeded up” to give a full-scale 
pen deflection of 10 in. in 10 sec., so that any likely 
acceleration or deceleration of the train is well 
within its capacity. The apparatus is indirectly 
calibrated by applying known test voltages and 
measuring the consequent pen movements. 

It is valuable to have a continuous record of the 
work done by the drawbar from which power can 
be determined. This is achieved by means of a 
mechanical integrator, specially designed by the 
University of Illinois. It comprises two main 
elements. One is a portion of a sphere, driven 
through gearing by the road wheels, and hence 
revolving proportionately to the distance travelled. 
The other is a steel cylinder, connected to an arm 
that is attached to a rod controlled by the drawbar- 
pull recorder, which moves around the spherical 
surface, being held firmly in contact with it by a 
spring. A cam on the cylinder closes an electric 
circuit once per revolution, thereby energising a 
relay which operates a recording pen and also 
actuates an eleetric counter on the recording table 
panel. The integrator thus makes marks on the 
chart, the intervals between successive marks 
being proportional to the product of drawbar pull 
and distance travelled. When drawbar pull is 
zero, the point of cylinder-sphere contact lies on 
the axis of the shaft driving the sphere, and the 
cylinder does not rotate : hence no work is recorded 


pted|even though the car may be travelling and the 


spherical surface rotating. Similarly, no work is 
recorded if the locomotive exerts a drawbar pull 
when the train is at rest since the spherical surface 
is not then rotating. From these records of work, 
and of the time in which it is done, drawbar power 
can be calculated. The integrator is calibrated 
by removing the spring from the drawbar-pull 
“indicator,” setting the drawbar-pull pen at 
different ordinates from the datum line and driving 


the record chart along the table for a short distance 
at each setting. 

Among «4 few details remaining to be described is 
a device for recording brake-cylinder pressure, com- 
prising a small cylinder, connected at its closed 
end to the brake cylinder of the dynamometer car, 
and containing a spring-controlled piston directly 
connected by a rod to a recording pen. The record 
is chiefly useful in showing when, and in what 
manner, the brakes are applied. The various datum 
lines on the record, to which reference has been 
made, are drawn by fixed pens, the positions of 
which are adjusted under appropriate conditions, 
as, for instance, when the car is at rest, to provide 
a continuous zero line from which transverse ordin- 
ates can be conveniently measured at any position 
along the chart. As the outcome of a good deal of 
experimenting, direct-current Selsyn “follow-up” 
transmitters have been mounted in the tender and 
engine cab to show the height of water in the tank, 
the steam pressure in the boiler, and the positions 
of the gear lever and regulator. The indicators 
associated with them are mounted in appropriate 
positions for each observation. Other indicators 
have been designed, for mounting near the recording 
table in the dynamometer car, to record pressures 
in the boiler, steam chest and smoke-box and any 
other pressures of which it may be found desirable 
to compare continuous records. A final point is 
that provision is made for noting on the chart, and 
subsequently computing, the amount of water lost 
when the boiler is “ blown down” or the safety 
valves open. 





THE HIGH-TENSION ELECTRIC 
LINES CONFERENCE IN PARIS. 
(Concluded from page 92.) 


THe “ Mechanical Design of 264-kV Transmission 
Lines in Great Britain ” was dealt with in a paper by 
Mr. A. E. Percivall, who said that the construction of 
such lines called for a technique very different from 
that of those operating at 132 kV. "The specification 
required a single-circuit line with horizontal phase 
formation, each phase consisting of twin conductors of 
steel-cored aluminium equivalent to 0-175 sq. in. of 
copper. The conductors were to be arranged either 
horizontally or vertically and spaced from 8 in. to 
12 in. apart, depending on the results of electrical tests. 
Two earth wires were to be carried with a vertical 
spacing of 20 ft. from the conductors, giving an angle 
of shade of about 20 deg. to the outside conductor. 
A single-circuit tower of the design chosen would be 
85 ft. and a tower for a double circuit 130 ft. high. The 
former height was about the same as that of the exist- 
ing double circuit 132-kV tower and, as the lines were 
intended for use on both flat and hilly routes, a span of 
1,200 ft. had been selected. Design Lindi conditions 
were such as to ensure that 95 per cent. of the stressed 
members would be utilised to their full value. The 
maximum working tension would be 16,000 Ib. on the 
twin conductors and 8,000 Ib. on the earth wire. A 
wind pressure of 8 lb. per square inch on the full pro- 
jected area when carrying 4 in. of radial ice was speci- 
fied for the wires and of 25 Ib. per square inch on 
14 times the projected area of one face of the super- 
structure up to the waist and on twice the area above 
that level, to allow for the distance between the side 
frames. The maximum conductor sag at 122 deg. F. 
on a 1,200-ft. span was to be 40 ft., calculated for a 
still-air tension of 3,200 Ib. in a single conductor at 
40 deg. F. The earth wire was to have the same sag 
as the conductors at 40 deg. F. With any one twin 
conductor or earth wire broken the unbalanced tension 
on the conductors at a suspension tower was to be 
70 per cent. of 16,000 lb., or 11,200 lb. 

ot-dip galvanised mild-steel sections were to be 
used on all towers with bolted construction throughout. 
Mild steel was still the most satisfactory and economic 
material available for transmission towers. The use of 
aluminium alloy was under investigation, but it was 
not yet an economical proposition. While a Duralu- 
min structure would weigh about half as much as a 
galvanised-steel tower, it would cost twice as much ; and 
there were one or two fabrication difficulties, such as 
the limitation of cold bending. Further, except in the 
lower tensile grades with a high aluminium content, 
the anti-corresive value was not so great as generally 
imagined. As regards the design of individual mem- 
bers there was no magic strut formula which auto- 
matically gave the exact sizes required. Each member 
must therefore be considered in relation to the nature of 
its subsidiary supports, end fixings and any unavoid- 
able eccentricities. For instance, corner legs, main 
cross arms and other continuous members could be 








treated more optimistically than bracings. The main 
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essential was for the designer to understand the limita- 
tions of the strut formula he was using and that experi- 
ence could only be gained from tests over an extended 
period on full-scale towers. 

In fact, no claim could be justified for any tower 
structure until the ratio between “design” and 
“failure” loads had been determined. The practice 
in some countries of basing factors of safety on the 
ultimate value of the material was likely to give a 
false impression of the true safety margin. The tower 
would fail just after it reached its yield point, either in 
part or whole, but this point had no direct relation to 
the breaking stress of a sample piece. A prototype of 
the 264-kV tower described in the paper had been 
subjected to very rigorous tests with loads which 
generated the maximum stresses in the members. As 
a result, the design could be fully justified, although 
one or two minor weaknesses had been detected and 
corrected. The weight of the structure as finally 
designed was 7-8 tons, which compared favourably 
with similar structures in other countries. 

Details of the ‘“‘ Overhead Transmission Lines for 
380 kV in Sweden ” were given in a paper by Mr. ©. D. 
Zetterholm, who stated that a line operating at this 
voltage was to be built from Harspranget to Hallsberg, 
a distance of 954 km. (593 miles). Duplex conductors 
would be used, each phase consisting of two steel- 
cored aluminium conductors with a cross section of 
592 sq. mm. (0-92 sq. in.) and s 450 mm. 
(17-72 in.) apart. The carrying capacity of these con- 
ductors would be equal to that of 350 sq. mm. (0-54 
8q. in.) of copper. There would be two 70-sq. mm. 
(0-1 sq. in.) earth wires. When the conductor tem- 
perature was 50 deg. C. (122 deg. F.) their height 
above the ground would be at least 8-3 m. (27 ft.). 
The ice coating allowed for would normally be 24 mm. 
(0-94 in.) and the wind loading would be 25 kg. per 
square metre (5 lb. per square foot) oa the vertical 
projection of the ice coating, corresponding to a wind 
velocity of about 28 m. per second (60 m.p.h.). At 
this wind loading the clearance to the towers should 
be at least 2,845 mm. (9 ft.). 

The towers would be entirely of St 52 steel, with a 
minimum yield of 3,400 kg. per square centimetre 
(21-6 tons square inch), the normal span bei 
330 m. (1,090 ft.), and the maximum 450 m. (1,485 ft.), 
although in special cases even longer spans might be 
used. Each of the two masts forming a tower would 
be of square section with four corner posts made of 
angles. For purposes of transport, they would be 
divided into three parts, which would be bolted together 
on site ; otherwise welding would be used for fastening. 
The foundations would consist of steel beams and 
impregnated wooden sleepers and the rock would 
be made level with concrete. In marshy ground, 
which was common in Norrland, poles up to 10 m. 
(33 ft.) long would be used instead of sleepers and 
the tower would be provided with stays placed per- 
pendicularly to the direction of the line. The cross 
arms, which would be 24 m. (79 ft. long, would have 
diagonal bracing and would be divided into suitable 
units for transport. In order to ensure protection 
against lightning, the supports for the earth wires 
would be placed at the outer ends of the extensions 
of the cross-arm diagonals and would be secured 
by clamps, which could slide on a horizontal shaft, 
so’as to reduce the risk of damage from vibration. 
All the metal parts would be hot-galvanised and, in 
addition, the steel parts that were to be buried would 
be covered with a coating of zinc, 0-5 mm. (0-02 in.) 
' or more in thickness. 

The conductors would consist of seven steel and 
54 aluminium strands, each of which would be 3-52 
mm. (0-14 in.) in diameter. The diameter of the 
finished conductor would be 31-68 mm. (1-25 in.). 
The combined ice and wind loading would be 3-34 kg. 
per metre (2-2 lb. per foot) of cable, to which the dead- 
weight of the cable, 1,975 kg. per metre (1,300 lb. per 
foot) would have to be added. The horizontal wind 
load on an ice-covered steel-aluminium conductor 
would normally amount to 1-99 kg. per metre (1-3 Ib. 
per foot) with a wind velocity of 28 m. per second 
(60 m.p.h.). Generally, a single string of suspension 
insulators would be used per phase and would consist 
of 20 units spaced 170 mm. (6-7 in.) apart. The length 
of the normal string from the cross arm to the conductor 
would be 4-18 m. (12 ft. 6 in.). It was intended that 
the line should be ready for service by October, 1950. 

“Steel Tube Pylons Filled with Concrete” were 
described in a paper by Mr. R. Végeli, who said that 
as the price of steel in Switzerland had more than 
doubled since 1939 and that, as the cost of the pylons 
represented more than half the cost of a transmission 
line, economy had been sought by using other means 
of support. Wood, although lower in first cost than 
steel, led to higher maintenance costs, while the 
use of reinforced concrete was limited for reasons of 
transport. Motor Columbus S.A., Baden, Switzerland, 
had therefore devised a system of construction in 
which angles were replaced by steel tubes filled with 
concrete. In this system, the tension was taken by 


the steel tubes and the compression by the steel and 
concrete together. It had the great advantages over 
ordinary reinforced concrete that the supports could 
be divided into sections and that the concrete was 

rotected from the atmosphere by its steel covering. 

he bending strength of the } subject to compres- 
sion was greatly increased by filling them with concrete. 
In consequence, there was considerable economy in 
steel and the number of constructional parts could be 
reduced. The tubes used for the cross-pieces or 
diagonals were filled with concrete before installation, 
while those employed for the uprights were filled after 
erection, vibration being used to obtain a high concrete 
density. The weight of the metal which had to be 
transported was therefore relatively small. Assembly 
was simple, the bolts required being a minimum. In 
the case of the uprights, a sleeve joint was used for the 
purpose. Calculations had shown that it was possible 
to save up to about two-thirds of the weight of a 
normal angle pylon by this new method. 

Pylons of this type were first used in replacement of 

existing angle-iron poles, on a 50/150-kV line at 
Koblenz, Switzerland, and on a 50-kV line from 
Biasca to Acquarossa. They were subsequently em- 
ployed on a 150-kV line, about 7} miles long, between 
the Valais and Tessin Cantons across the Col du 
Nufenen, the highest point on which was 1,750 m. 
(5,775 ft.). This line had been in regular service since 
the spring of 1947. The double line across the St. 
Gothard was being extended to Mettlen, a distance of 
20 miles, by the same method, 159 pylons with an 
average height of 50 m. (165 ft.) and a maximum height 
of 67 m. (200 ft.) being used. The longest span would 
be 850 m. (2,700 ft.). The line, which to begin with 
would operate at 220 kV, would temporarily consist of 
six copper conductors with a cross-section of 350 
sq. mm. (0-54 sq. in.) and a steel earth wire of 80 sq. 
mm. (0-12 sq. in.). The pylons and foundations had, 
however, been designed to carry 380-kV lines, which 
would consist of six hollow copper conductors with a 
cross-sectional area of 450 sq. mm. (0-7 sq. in.). 
In a paper on the “ Ageing of Conductors on Over- 
head Transmission Lines,” Mr. E. H. Hubert said that 
the point had now been reached when there were very 
few defects. Breakages, however, still occurred at 
some jointing sleeves on aluminium-steel conductors. 
An investigation had shown that the initial cause of 
these failures was local oxidation, which gave rise to 
considerable heating and affected the mechanical pro- 
perties. In particular, it was found that the tensile 
and bending strengths varied over wide ranges, de- 
pending on the previous history of the conductor. 
This heating was caused by faulty contact between 
the bush of the sleeve and the aluminium casing, 
with the result that an appreciable fraction of the 
current flowed through the steel. The only real 
solution was to use a sleeve which was specially 
designed to prevent this. Preliminary studies on 
the ageing of copper conductors had shown that a 
variation in mechanical properties occurred when the 
wire was maintained at a given temperature for a 
sufficiently long period. In fact, if the temperature 
was sufficiently high the diminution in tensile strength 
after cooling might amount to as much as 35 per cent. 
Heavy short-circuit currents lasting two or three 
seconds produced similar effects on a cable operating 
at a steady temperature. The bending strength after 
cooling decreased slightly at first and then increased 
appreciably. 

“The Ageing of Insulators” was dealt with in a 
paper by Mr. R. J. Bradfer, who said that it was well 
known that insulators sealed with cement often 
exhibited ageing in the form of cracks, first in the 
glazing and then in the porcelain. This ageing usually 
occurred suddenly after an average life under voltage 
of seven oreight years. An investigation was therefore 
undertaken to discover whether this phenomenon was 
due to electrical or other causes, such as porosity, 
differences in the coefficient of expansion of the glaze 
and the porcelain, excessive mechanical shock, re- 
peated vibration, or cracking of the cement. It 
appeared that a sound insulator could support pro- 
longed stressing at high frequencies without injury, 
provided excessive heating was avoided, and that 
ageing was to be attributed to the cement which, 
in some cases, had two setting periods, one immediately 
and the other occurring after several years. 

Details of the “‘ Operation of Cables at Over 100 kV in 
the United States of America ’’ were given in a paper 
by Messrs. L. Komives and H. Halperin, who said that 
the main types of cable used in that country for voltages 
above 100 kV could be divided into two classes: the 
low-pressure oil-filled and high-pressure pipe-type. 
In the former, the internal pressure was usually less 
than 1 kg. per square centimetre (14-2 lb. per square 
inch) above the atmosphere and was used to maintain 
complete impregnation at all times. In the pipe-type 
cables the insulation might, or might not, be fully 
impregnated with oil, but steps were always taken to 
ensure that it was subjected continuously to a pressure 





of about 14 kg. per square centimetre (200 lb. per square 





inch) during operation. Three variations of this type 
of cable were in service. These were the high-pressure 
oil-filled type, also known as the “ Oilostatic,” in which 
the insulating oil was employed as the pressure medium 
and kept the insulating material fully impregnated at 
all times; the high-pressure gas-filled cable, which 
employed nitrogen gas as a pressure medium, and the 
compression cable, which was well known in Europe. 
The first oil-filled cable in the United States was laid 
by the Commonwealth Edison Company, of Chicayo, 
in 1927. At present, 104 miles of this type of cable were 
in operation in various parts of the country at voltages 
of 115 kV, 120 kV, 138 kV, or 162 kV, and another 
14 miles, all for.an operating voltage of 162 kV, were 
on order. The average length of each cable was about 
4-3 miles. The loading of these cables was based on a 
maximum permissible conductor temperature of 70 deg. 
C. for continuous operation, although under emergency 
conditions a temperature of 90 deg. C. for 100 hours 
in 12 consecutive months was permitted. The rating was 
more limited by the ability of the lead sheaths to with- 
stand repeated bending, owing to thermal expansion, 
than to deterioration of the insulation. The dielectric 
losses in the thick coverings of varnished-cloth tapes at 
the joints and terminals had also imposed limitations, 
because cumulative heating might occur at extra-high 
voltages. This limitation, however, had now been 
removed by the adoption of crape-paper tape. Actual 
operating temperatures had seldom exceeded 60 deg. C., 
and were normally between 30 deg. and 55 deg. C. 
Only eight failures had occurred with this type of 
cable since the first installation more than 20 years ago; 
and none of these was due to any deficiency in the 
cable itself. 

The principal difference between American pipe-type 
cables and those used in other countries were that the 
cables themselves were larger and that steel wire or 
tape armouring had been dispensed with. The three 
single-conductor cables were pulled simultaneously 
into a pipe, the inside of which was often coated with 
lacquer. This pipe was protected from corrosion by 
a high-grade covering, and sectionalising was effected by 
barrier or semi-stop joints, which facilitated the location 
of faults and, during iastallation, enabled the line to be 
completed in sections. The first cable of this type to 
be installed in America was put into service in 1934, 
and at present about 65-4 miles were in use, another 
46-1 miles being on order. Of those in service, only 
one long and four short cables carried an appreciable 
load ; and these, which were installed in 1946 and 1947, 
were not yet working under the conditions for which 
they were designed. One cable, about 6 miles long, 
which was installed in 1941, was connected to a base- 
load generator and carried a steady current of 430 
amperes at 115 kV for 16 hours a day. This current 
fell to 300 amperes at night and over the week-end. 
The cable was laid in sandy soil and the maximum 
conductor temperature was about 60 deg. C. 

A paper dealing with ‘‘ Cables with Reduced Thick- 
ness of Insulation ’’ was presented by Mr. M. Domenach, 
who said that three lengths of 220-kV low-pressure oil- 
filled cable, the insulation of which was 18 mm. (0-71 in.) 
thick, had been laid at the Issy substation in Paris and 
had satisfied the same tests as those with an insulation 
thickness of 24 mm. (0-94 in.), which had been laid 
in 1936. The conductors in these cables were 350 sq. 
mm. (0-54 sq. in.) in cross section, and were composed 
of profiled wires stranded on a steel coil, so that 
there was a central channel 13 mm. (0-5 in.) in dia- 
meter. This smooth conductor had the advantages 
of rendering the electric stress uniform and of reducing 
the diameter for the same cross-section, as well as 
giving sufficient space for the oil to flow. The insula- 
tion was built up of layers of paper, the thickness of 
which increased from the conductor outwards. The 
lead sheath was bound with non-magnetic stainless steel 
tapes, which were protected against electrolytic action 
by serving and asphalted paper. The weight was 
15 kg. per metre (10 tb. per foot) compared with 19-5 kg. 
per metre (13-1 lb. per foot) for a cable with 24 mm. 
(0-94 in.) insulatien. The maximum field strength 
was 11-3 kV per millimetre, the breakdown field strength 
on test being 47 kV per millimetre and the impulse 
puncture voltage 1,250 kV: All these results were 
obtained with an oil pressure of 1 kg. per square centi- 
metre (14-2 lb. per square inch) on the insulation. 
At the ends, the insulation was reinforced by strips of 
impregnated paper with interleaved metal foil, arranged 
so as to give a uniform voltage distribution in the 
longitudinal direction. This procedure also made it 
possible to reduee the radial potential gradient asso- 
ciated with the collar of the insulator. Since the last 
layer of metal foil was at earth potential, the initial 
corona voltage was very close to the flash-over voltage, 
which was 550 kV at 50 cycles per second. 

In addition, tests had been carried out on cables 
with an insulation thickness of 14 mm. (0-565 in.). 
A cable of this kind was capable of operating under an 
oil pressure of between 8 and 20 kg. per square centi- 
metre (113-7 and 284-5 lb. per square inch), and a 
maximum potential gradient of 13-5 kV per millimetre. 
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The conductor was 350 sq. mm. (0-54 sq. in.) in cross 
section and 27 mm. (1-06 in.) in diameter and had a 
central channel 15 mm. (0-6 in.) in diameter. The ex- 
ternal diameter was 70 mm. (2-76 in.) and the weight 
13 kg. per metre (8-7 lb. per foot). Tests showed that 
with an oil pressure of 10 kg. per square centimeter 
(142 lb. per square inch) this cable could withstand a 
voltage of 450 kV between the conductor and lead 
sheath indefinitely, and a voltage of 550 kV for several 
minutes. The impulse breakdown voltage was more 
than 125 kV per millimetre. Cables of 150 sq. mm. 
(0-23 sq. in.) cross section and an insulation thickness of 
9 mm. (0-35 in.) had withstood voltages of 140 kV for 
ten hours. In this ease, the insulation was impregnated 
with a viscous compound containing a volume of free 
gas equal to about 3 per cent. of the volume of the 
insulation. By using an impregnant containing 12 per 
cent. of butane and 6 per cent. of methyl chloride it 
had been possible to obtain ionisation potential 
gradients of about 8 kV per millimetre. 

Tt might be concluded, therefore, that improving the 
layering of the impregnated paper insulation by using 
thin paper strips enabled cables with a reduced thick- 
ness Of insulation to be manufactured, and that these 
would give the required degree of security in operation. 
For the same operating pressure, the reduction in 
insulation thickness was much greater for oil-filled 
than for gas-filled cables. At 60 kV to 150 kV this 
reduction, however, might be limited by the increase 
in capacitance and the amount of reactive power 
which would have to be compensated. For 220-kV 
networks the choice lay between oil-filled cables with 
a pressure of 8 kg. per square centimetre (114 lb. per 
square inch) and an insulation thickness of 14 mm. 
(0-55 in.) and gas-filled cables with a pressure of 20 kg 
per square centimetre (284 lb. per square inch) and an 
insulation thickness of 18 mm. (0-71 in.). For 400-kV 
networks an oil-filled cable, operating under a minimum 
pressure of 14 kg. per square centimetre (200 lb. per 
square inch) and an insulation thickness of 24 mm. 
(0-94 in.) should prove completely satisfactory. For 
the same voltage a gas-filled cable would require an 
operating pressure of about 35 kg. per square centi- 
metre (nearly 500 Ib. per square inch). 

“The Application of Semi-Conducting Glaze to 
Porcelain Insulators ” was dealt with by Mr. J. H. Pirie, 
who described the five years’ development work which 
had been carried out on this subject with the object 
of improving the erratic performance of such insulators 
under adverse weather conditions. The main advan- 
tages of this type of glaze lay in the fact that it enabled 
the surface vol to be controlled under varying 
atmospheric conditions, and when the surface voltage 
gradient exceeded the breakdown stress of air. The 
glaze itself had the same degree of permanency and 
resistance to weathering as a nieials sueade glaze, 
provided the current it was limited to a safe 
value. By employing the glaze to improve both the 

wer frequency and the impulse flashover voltage, the 
engths and diameters of the bushings could both be 
reduced. Tests had confirmed that this glaze was 
satisfactory for suspension insulators of the cap-and- 
pin type, as well as for the long-rod and cylindrical- 
post patterns and for bushing insulators. Its employ- 
ment limited the corona and radio interference arising 
from discharges on the porcelain surface. It could be 
applied as an earth screen where a certain voltage drop 
in the screen was advantageous, and in lightning 
arresters, and also where a sudden termination of the 
earth screen would lead to corona discharge. 

Among the papers of a statistical character pre- 
sented at the conference, mention may be made of 
one on “ The Reconstruction of the Electrical Power 
Plants of Hungary, and Plans for Future Develop- 
ment,” presented by Messrs. E. Wilczek and K. P. 
Kovacs. In this it was pointed out that during 
the war much of the electrical-generating plant and 
transmission and distribution systems of the country 
were either damaged or dismantled. Every trans- 
mission line had suffered some damage, and many 
had been completely destroyed, particularly in the 
neighbourhood of Budapest. Some 205 MVA of 
plant had been dismantled for reparations, as had the 
whole of the 100-kV line from Budapest to Lorinci. 
Re-erection of the lines, however, had been almost 
completed by the end of 1946, and the capacity of the 
Hungarian electrical industry had been increased so as 
to permit the reconstruction of the generating and 
substations. In the same year, all stations with 
capacities larger than 20 MVA had been nationalised, 
with the exception of those owned by the Budapest 
Electricity Works, and in future the construction of 
power stations would be the business of the State. 
In December, 1943, the installed capacity was 846 
MVA, which had increased to 852 MVA by the end 
of 1947. It was intended that by the end of 1951 it 
should reach 1,021 MVA. 

“The Growth of Electricity Production and Some 
Considerations on the Problem of Meeting the Future 
Demand” were dealt with in a paper by Mr. J. 
Kopeliowitch, The first two years after the war, 


the author said, had shown that the estimates made in 
various countries with regard to the future growth of 
electrical output were often inconsistent with actual 
development. These deficiencies were likely to con- 
tinue for some years, and it was essential that guidance 
for technical and financial planning should be sought. 
The usual method of assessing forthcoming develop- 
ment was by graphical extrapolation from the data of 
past years. Such a method might, however, yield a 
variety of trends from which it was important to be 
able to select the most probable. Comparison of past 
developments in different countries should not be based 
on the number of kilowatt-hours actually generated or 
consumed, as these varied between wide limits, but on a 
consideration of the relative growth of annual output, 
of the “ redoubling periods,” i.e., of the time during 
which the generation would be doubled, and of the 
variation in generation per head of population. In this 
way, the rate of increase in electricity production could 
be calculated. 

Applying this method to the statistics for the United 
States, Great Britain and Switzerland, a striking 
similarity in the trend of growth was apparent. 
Between 1922 and 1929, the average redoubling periods 
were 5-62, 6-4 and 7-72 years for the three countries, 
while between 1933 and 1937 the corresponding figures 
were 5-58, 7-1 and 8-1 years. The average rate of 
increase in all three countries was therefore about the 
same during the two periods. The same was true 
of the position in other countries. It could, in fact, 
be inferred that the trend of electrification, generally 
speaking, reflected the fluctuations in world economic 
activities. It was obvious, too, that there would be 
a considerable further increase in consumption. In- 
deed, an additional 17,000 MW of plant would be 
required in the United States by 1951, an increase 
of 34 per cent. on present figures. This would corre- 
spond to a redoubling period of 10-7 years. The 
redoubling periods for France and Great Britain at 
the same date would be 6 and 8-2 years, respectively, 
while in Russia it would be 3-9 years, and in New 
Zealand 7-2 years. 

It would, therefore, be reasonable to base the 
planning of future extensions on the highest rate of 
increase of annual output attained before the war, to 
employ the largest generating sets available, and to 
reduce plant requirements by adopting such methods 
of increasing the utilisation time as interconnection, 
co-ordination of operation, and seasonal and daily 
load spreading. The load carried could also frequently 
be increased above the rated capacities by the intro- 
duction of closer supervision and control, especially in 
the case of transformers, while plant utilisation could 
be improved by the adoption of new types of tariff 
and the construction of a super-grid of adequate trans- 
mitting capacity. Such a super-grid would enable a 
combination to be effected between local thermal power 
stations at the various load centres, dealing with peak 
loads, and base-load stations operating at the cheapest 
possible rates. In this way, losses could be reduced 
and the cost of electricity lowered. 





LONDON RovTE Map.—The Automobile Association, 
Fanum House, New Coventry-street, London, W.1, have 
issued a useful map of the West End ef London on a 
scale of 14 in. to the mile. It is in three colours and 
shows all London traffic systems, one-way streets and 
where “‘no waiting’ regulations are in force. It also 
indicates the positions of well-known land marks, such as 
Underground stations and churches, garages, hotels, 
theatres and car parks of both the official and bombed- 
site types. An attractive feature, which will make for 
ease in its use, is tbe omission of lines indicating the runs 
of railways and omnibus and tramway routes. This is 
no disadvantage as the map is intended primarily. for 
motorists. The map is available free to Association 
members ; and will also be issued with all A.A. “ routes”’ 
passing through London. A revised edition of the 
Association’s London route map is printed on the back. 


120-MW GENERATING STATION AT HUNCOAT, ACCRING- 
ToN.—The architectural design for a new generating 
station which is to be built by the British Electricity 
Authority at Huncoat, Accrington, Lancashire, has been 
approved by the Royal Fine Arts Commission. Work 
on the site of this station, which will have an ultimate 
capacity of 120 MW and in which two 30-MW sets will 
be installed initially, has already been begun. It will be 
equipped witb three pulverised-fuel fired boilers producing 
305,000 lb. of steam per hour at a pressure of 600 lb. per 
square inch and a temperature of 850 deg. F. Generation 
will be at 11 kV. There will be one cooling tower 
with a capacity of 3,000,000 gallons of water per hour. 
The principal consulting engineers are Messrs. Kennedy 
and Donkin, 12, Caxton-street, London, S.W.1, while 
Messrs. Mouchel and Partners, Limited, 38, Victoria- 
street, London, S.W.1, will be responsible to them for 





the civil engineering work. 


NOTES ON NEW BOOKS. 


Electricity Supply Meters. By A. E. B. Prrriao, 
M.Sc., A.M.LE.E. Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 32s. net.] 
THE author states that this book has been written 
primarily to aid the meter engineer to become more 
familiar with the fundamentals of electricity meters 
and with the instruments employed in calibrating 
them, but also as a guide in the selection of suitable 
apparatus. It is reasonable, therefore, to examine the 
book in the light of its expressed purposes. Within a 
a brief compass it does, indeed, contain a 
wealth of information, and the author is to be com- 
mended for his attempt to cover a subject gvhich is 
very much wider than the average engineer, concerned 
only with sectional applications, is likely to realise. 
Even so, there are some rather noticeable omissions, 
which, it is to be hoped, may be made good in a future 
edition. The section on recording instruments, for 
example, — well be expanded considerably, and 
the same applies, to a smaller extent, to the chapters on 
summation metering and testing equipment. In the 
chapter on frequency meters, reference might have 
been made to the sensitive type of revolving synchro- 
nous disc meter, used for accurate measurements of 
frequency ; there are other sections which are hardly 
adequate in their references to recent develo 
ments. In general, however, the book is a useful 
addition to a branch of technical literature which is 
not too well supplied with modern works; and the 
lucid and straightforward mathematical treatment 
should appeal to those readers who have to design 
electricity meters as well as to those who merely wish 
to understand their construction and working. 





Running a Machine Shop. By Frep H. Cotviy and 
Frank A. Stantey. Second edition. [Price 4-25 
dols., or 258. 6d.) Starting a Small Machine Shop. 
=A Freep H. Corvin. [Price 2-50 dols., or 158.] 
McGraw-Hill Book Company, Incorporated, 330, 
bel a ne + tea 18, U.S.A.; and 

cGraw- ishi , Limited, Aldwych 
House, Aldwych, Tenlion, Wce. — 

Tus second edition of Running a Machine Shop is a 
reprint of the work published in 1941, enlarged by 
adding a post-war supplement with its own index. 
The main body of the work deals with the planning and 
equipment of the shop, modern shop practice, transport, 
stores, estimating and inspection. All of these headings 
cover familiar ground in an interesting and compre- 
hensive manner, but the chapters on management, 
apprenticeships and training, and foremen and per- 
sonnel are likely to have the greatest interest for the 
average British reader. The management side is 
stressed in the post-war supplement, which, incidentally, 
presses the claims of the windowless shop, which raises 
doubts whether the authors have any knowledge, even at 
second hand, of the effect on health of some of the 
war-time windowless control rooms in the Services. 
It is surprising to find only twelve lines are given vo 
shop lighting, when thoroughness in other directions 
even extends to the recommendation to paint white 
lines round cuspidors. In his little book on Starting a 
Small Machine Shop, Mr. Colvin defines such a shop as 
one having a personnel of 25 or less ; in British practice, 
the official figure is 50. This book, which on its smaller 
scale, is as comprehensive as the other, is full of good 
advice which can be usefully applied by engineers 
everywhere. The author is an advocate of differential 
machine-hour rates for costing work as opposed to the 
wages plus percentage on-cost method which was 
forced down many reluctant throats by bureaucrats 
in this country during the war. A British edition of 
this book might well contain an appendix on how 
the owner of a smal] shop is to deal with the multitude 
of forms, controls, Government departments and 
officials, The great gulf between what the American 
engineer can do and the British cannot is driven home 
by the statement that molasses can be used for prevent- 
ing drill chips from entering a tube or hollow casting. 





ELECTRICALLY-OPERATED “ MAN-HAULAGE ” SYSTEM 
FOR DURHAM MINE.—An electrically-operated ‘ man- 
aiding ’”? haulage system has recently been installed at 
the Vane Tempest Colliery, Seabam Harbour, Co. 
Durham. At present it is being worked as a single-rope 
system for a distance of about one mile in-bye, but it is 
intended ultimately to adopt main-and-tail working 
over a distance of 24 miles. A train of eight cars carrying 
130 men is used, and runs at 10 m.p.h. over gradients 
up to 1 in 7-1. An ambulance car is also available. The 
system is operated by a 350-h.p. 2,750-volt three-phase 
induction motor, which was manufactured by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, and is controlled by an oil-immersed 
flameproof stator reverser and liquid controller in the 
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HELICOPTER FOR CROP SPRAYING. 


Tae “ Spraycopter,” believed to be the first British 
helicopter for spraying crops, was demonstrated recently 
at the works of Messrs. Pest Control, Limited, Bourn, 
Cambridge. The machine, shown in the accom g 
illustration, is a Westland-Sikorsky S51 helicopter, 
fitted on each side with 24 nozzles in a line, which spray 
liquid for destroying pests and weeds or counter- 
acting plant diseases. The Spraycopter will treat field 
crops at a rate of between 40 and 60 acres an hour, 
including time for refilling with liquid and aircraft fuel. 
This may be compared with the rate of spraying accom- 
plished by a ground tractor, which is between five and 
eight acres an hour. 

Large ground machines have been developed by the 
firm for crop spraying during the t nine years ; 
the high-clearance vehicle which we Eeutiet on page 
341 of our 162nd volume (1946), is one of the pe 
special types which are now well established. They are 
used over a large area of the Midlands, South, and East 
England, and in various territories of Africa. Experi- 
ments in spraying crops from aircraft had been carried 
out in this country as early as 1928, but owing to the 
small size of fields, the presence of hedges, trees, etc., 
the use of aircraft was found to be impracticable, 
although they were adopted for crop dusting on the 
Continent and in the United States, where large areas 
are planted with one type of crop. Dusting by this 
means, however, was not an unqualified success, 
especially as some of the active material drifted on 
the wind as far as 20 miles. In the case of selective 
weed-killers, it sometimes happened that crops sus- 
ceptible to the weed-killer, situated several miles from 
the spraying operation, were damaged. The helicopter 
as a crop sprayer is claimed to overcome all these 
difficulties. It sprays liquid which does not drift ; its 
maneuvrability is an obvious advantage, especially 
in this country; it can fly close to the ground at low 
speeds ; and it can land and take off for refuelling in a 
confined space close to the crops 

The slipstream of a helicopter rotor is also advan- 
tageous for crop spraying. In form, the slipstream | t 
is rather like a bell; it moves vertically downwards 
at 15 to 30 miles an hour, “ curling” outwards and 
upwards when it strikes the ground, as can be seen 
by anyone standing near the aircraft. Thus, by load- 
ing the slipstream with sprayed liquid, all surfaces, 
including the underside, of the vegetation, are treated. 
Previously, such effective treatment was only possible 
with ground spraying vehicles. Meandering streams 
and stagnant pools with overhanging rocks are also 
readily sprayed against malarial mosquitoes. The 











or possesses the following advantages over the 
tractor-driven 8s raying machine: it sprays an area 
more quickly, which is an advantage for rapidly con- 
trolling outbreaks of pests such as the Colorado beetle ; 
it is independent of ground conditions, which is impor- 
tant because plant diseases spread in wet weather when 
ground machines cannot operate ; it does not damage 
the crops or leave wheel marks as a tractor does ; and 
is more rapidly moved from one area of operation to 
another. Compared with an ordinary aeroplane 
sprayer, it has the advantages that a greater proportion 
of time is spent on spraying, because refuelling and 
refilling with chemicals can be carried out close to the 
site; the accident risk is less owing to the slower 
speed and greater manceuvrability; and, as already 
noted, the slipstream rebound improves the coverage. 
The spray liquid is carried in a light-alloy elliptical- 
section tank, slung under the fuselage as shown in the 
illustration, with a capacity of 65 gallons. The 
liquid pump is driven by a twin-cylinder horizontally- 
opposed air-cooled engine, developing three brake horse- 
power at 2,000 r.p.m. It is housed in a structure 
attached to the lower rear end of the main fuselage, 
and is encased for fire-protection , air being 
drawn in through louvres at the frontend. The output 
of the pump can be adjusted by the pilot, by altering 
the pump-plunger stroke. The 24 nozzles on each side 
are spaced at regular intervals on a tube which is closed 
at both ends, and supplied with liquid through an inlet 
at the centre. Each tube is supported at several points 
by brackets attached to one member of a tubular 
frame. The triangular arrangement of this frame, when 
viewed from the front of the helicopter, can be seen in 
the illustration. There is also a triangular arrangement 
of tubes in the horizontal plane, and a ball-joint is 
incorporated at one joint to provide some flexibility ; 
all the other joints of the Ganae om are pinned. The 
frames only reach out laterally for about half the 


length of each spraying tube, the outer half being braced | logical 


by three wires stretched over short struts. The spraying 
tubes extend 17 ft. on each side of the centre-line of the 
oa ter. The supply of liquid to each tube is con- 

by a valve situated near the centre and operated 
wr a Dente cable from the cockpit. 

The Spraycopter is replenished at the site from an 
A.E.C. Matador lorry which is fitted with two spray- 
ing-liquid tanks with a total capacity of 500 gal- 
lons, and an aviation-fuel tank with a capacity of 
200 gallons. The system adopted for spraying an area 
is for the pilot to fly over a series of parallel “ strips,” 
@ few feet above the ground, being guided along each 
strip by two men with flags or Aldis lamps, who act as 
markers, one at each end of the strip. As the helicopter 











reaches the end of a strip, the pilot shuts off the liquid 
valves (the pump engine continues to run, but the 
liquid is by-passed) ; he then makes a close turn and 
comes in over the marker who, by this time, has 

out the correct distance from his previous position. 
As the aircraft reaches the beginning of the strip the 
pilot opens the valves. At the demonstration the 
pilot showed the capabilities of the machine by flying 
very slowly with the undercarriage wheels brushing the 
top of the crops, although for spraying it is customary 
to fly with the nozzles about 5 ft. to 6 ft. higher. 

The ground speed of the aircraft is 20 to 25 miles an 
hour for field crops, and 12 to 20 miles an hour for tall 
crops where the under-surfaces of leaves need to be 
sprayed. The width of the strip or ewathe is between 
60 and 100 ft., depending on the height of the aircraft 
and the nature of the crops. Each spraying nozzle 
delivers the liquid in a cone, and the cones of adjacent 
nozzles meet just above the crops. About 2 to 5 gal- 
lons of liquid are required per acre, and the area 
covered per hour, allowing for replenishing, is 40 to 
60 acres of field crops, or 30 to 40 acres of tall seed 
crops. Spraying can be carried out satisfactorily when 
the wind s does not exceed 12 to 30 miles an hour, 
depending on the type of crop and climatic conditions. 
a principal weights are : helicopter empty, 4,052 Ib. ; 

Le equipment, 340 lb.; pilot, 126 Ib.; fuel, 
2 ] lubricating oil, 10 Ib. ; and spraying liquid, 
650 Ib. ; the all-up weight being 5,250 Ib. 

Since the demonstration in June, the aircraft has 
been used for spraying crops in this country, but when 
the spraying season finishes here, it is scheduled to 
operate in the Sudan on cotton pests, in Kenya on 
coffee, in Southern Rhodesia on to » potatoes and 
maize, and in South Africa on corn, citrus ‘and deciduous 
fruit. The machine is covered by Patent No. 564771, 
and its development was described by Dr. W. E. 
Ripper and Mr. P. Tudor in the Bulletin of Entomo- 
Research, vol. 39, part 1 (1948). 





FacToRIESs ACT AND FOUNDRY CLEANLINESS.—The 
Minister of Labour and National Service has made an 
Order under the Factories Act, 1937, relating to the 
periodic internal cleaning of iron foundries. Hitherto, 
some iron foundries, or parts of them, have been exempt 
from the general requirement of the Act that inside walls, 
ceilings, etc., should be washed, painted, white-washed 
or colour-washed at least once every 14 months. Under 
the new Order, which comes into force on August 1, 
1948, all iron foundries will be subject to that require- 
ment, except as regards those parts of walls, ceilings, 
etc., which are above 20 ft. from the floor. 
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ROOF RECONSTRUCTION AT NEW 
STREET STATION, BIRMINGHAM. 


Rattway travellers to Birmingham will recall the 
arch-type overall roof with its wide ing gi 
which spanned New Street Station. It was built 
nearly a century ago, and as it suffered from 
aircraft during the war, the former London Midland 
and Scottish Railway commenced to demolish it in 
November, 1945. In view of the contemplated re- 
planning and modernisation of the station, it has been 
replaced by temporary individual platform roofs which 
were completed in April, 1948. © new appearance 
of the station from the London end is shown in Fig. 1, 
and the fixed and movable structures for supporting 
the old roof during demolition are shown in Figs. 2 
and 3, respectively. 

The original roof, built in 1852, consisted of 36 bow- 
string wrought-iron trusses, 24 ft. apart, forming 
840 ft. of continuous roofing over the former London 
and North Western Railway section of the station. 
It was designed by William Baker, then chief engineer 
to the L.N.W.R., and constructed by Messrs. Fox, 
Henderson and Company, Limited, Smethwick. Each 
truss comprised a bow formed of four angle-irons, 6 in. 
by 3 in. by ? in., with a plate web 15 in. by } in.; a 
bottom tie of 4-in. diameter roa ; struts built up from 
four angle-irons 2} in. by 2} in. by # in.; and diagonal 
members of 5-in. by §-in. section. The height above 
rail level of the underside of the trusses at the eaves 
was 33 ft.; the radius of the under side of the largest 
bow was 155 ft. 24 in., and the versed sine was 40 ft. 6 in. 
The station being laid out on a curve, with the London 
end wider than the opposite end, the spans of the trusses 
varied between 190 ft. 9 in. and 212 ft. (As a matter 
of interest, the maximum span of the St. Pancras 
Station roof, which was constructed considerably later, 
is 240 ft.) 

The demolition of the old roof was complicated by 
the strengthening of the bottom ties which had been 
carried out in 1906, in consequence of the collapse of a 
similar roof at Charing Cross Station* in 1905. (Travel- 
ling gantries were also used for demolishing i 
Cross Statien roof.) A smith’s weld in the bottom tie 
of one of the trusses at Charing Cross had been imperfect 
and had failed. It was therefore considered advisable 
to strengthen the New Street roof, and strengthening 
ties consisting of two 6-in. by -in steel sections were 
supported by rods slung from the panel points of the 
trass. The weight of the roof, which was 1,050 tons of 
wrought iron and cast iron, was thereby increased by 
the addition of 200 tons of steel. A load of 24 tons 
was induced in each new bottom tie, and any possible 
residual effect of this had to be kept under observation 
during the demolition. 

Two travelling gantries were used in the demolition 
of 27 of the 36 trusses. The other nine trusses, at the 
London end of the station, were sup during 
demolition by tubular steel scaffolding built up from 
the permanent way and platforms, as shown in Fig. 2. 
The trusses were cut by oxy-acetylene torch into 5-ft. 
lengths suitable for charging into furnaces. Cat-heads 
fixed to the scaffolding were used to lower the lengths 
directly into railway wagons below. The scaffolding 
was built in bridge fashion to avoid interfering with 
trains using the station. It was carried right up to the 
top of the truss, which, together with the original and 
additional ties, was “cradled” by the scaffolding at 
intervals of 10 ft., so as to absorb the “ kick” which 
was expected to occur when the principal was cut. 
This prevented any sudden load from coming on to the 
columns supporting one side of the roof or the wall on 
the other side. As a further safeguard, the top boom 
was first cut along the centre of the web, starting at the 
crown, in order to reduce its strength in stages. 

The two travelling gantries used in the removal] of 
27 trusses were designed by the Chief Civil Engineer of 
the London Midland Region, Mr. W. K. Wallace, 
under whose direction the whole work was carried out. 
They were constructed and erected by Messrs. Rubery, 
Owen and Company, Limited, Darlaston, Staffordshire. 
One gantry was used at each end of the station, and was 
moved inwards, from one truss to the next, towards 
the footbridge across the middle of the station. Each 
gantry travelled along two tracks resting on the 
platforms, as shown in the foreground of Fig. 3. Each 
track consisted of two lengths of bull-head rail laid 
on their sides and fixed to a girder foundation. Similar, 
but shorter, rails were fixed under the piers of the 
gantry, and, by placing a number of 3-in. diameter 
balls to roll between the webs of each pair of rails, the 
gantry could be moved along under the roof trusses. 
The general construction of the gantries is shown 
in Fig. 3. The platform on top was 25 ft. wide and 
laid with timber, and each gantry carried 50 tons of 
equipment. Scaffolding was built up from the gantry 
to the truss, and the upper part of it was removed 





* ENGINEERING, vol. 80, pages 771, 838 and 865 (1905) ; 
vol. 81, pages 56,309 and 829 (1906); vol. 82, page 56 
(1906): and vol. 85, pages 174 and 234 (1908). 
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and re-erected every time a move was made to the 
next truss. The demolition of the trusses was com- 
pleted in February, 1947, having taken 15 months, 
during which time interference with the movement 
of the 200 trains using the station every day was 
reduced toa minimum. The number of men employed 
on the work, which was carried out by the Altitude 
Contracting Company, Limited, 36, Cannon-street, 
Birmingham, was 85, and the shortest time taken to 
remove one truss was four days. The quantity of 
gas consumed in cutting up the whole structure was 
1,900 oxygen cylinders, each of 165-cub. ft. capacity, 
and 400 acetylene cylinders, of 200-cub. ft. capacity. 

A temporary roof over each platform was erected 
as soon as possible after each stage of the demolition. 
The roofs consisted of corrugated asbestos-cement 
sheeting, interspersed with Perspex sheets to admit 
daylight, the whole being supported on a simple 
steel frame. This consisted of 12-in. by 8-in. rolled- 
steel joist stanchions supporting longitudinal beams of 
24 in. by 7} in. joists, which, in turn, supported 24 in. 
by 7% in. joist cross-beams at 20-ft. centres. These 
cross-beams spanned the two platforms and the tracks 
between, shown on the right of Fig. 1, and the two on 
the left. The 5-ft. 6-in. long asbestos-cement sheets 
were laid so as to project 3 ft. beyond the edges of the 
platforms to give some protection for persons on the 
platforms, without the provision of a valanse. To 
avoid cutting the sheets, the gutters were constructed 
in varying widths to suit the width of the platform 
at each point. The rain-water pipes were of asbestos- 
cement, 6 in. in di r, 8 at 120 ft. centres. 
Ee 8 were designed to carry water from the cistern 
he and roof gutters, both of which were made of 
timber covered with bitumen felt. A complete drainage 
scheme was carried out in conjunction with the foun- 
dation work, to deal with water from the awning roofs 
and surface water from the permanent way. 





STYRENE CO-POLYMERS FOR PAINT 
MANUFACTURE. 


Tr is announced that, after six years of research and 
manufacturing experience, Messrs. Lewis Berger and 
Sons, Limited, Homerton, London, E.9, are pro- 
ducing synthetic resin co-polymer media, which can 
be anes in the manufacture of high quality gloss 
enamels and flat wall paints. It is claimed that not 
only do enamels manufactured from these styrene 
co-polymers effcct a considerable saving in linseed 
oil, the finish is also tough, flexible and durable, 
and has other properties, which render it superior 
to the more conventional enamels. 

It is further announced that the monometric styrene 
from which the n co-polymers for paint manu- 
facture are obtained is to be produced in industrial 
quantities in a factory, which is to be built near 

ington, Cheshire. This factory will be operated 
by a new company, Styrene Co-Polymers, Limited, 
35, Berkeley-square, London, W.1, which has been 
formed by joint agreement between the Berger Group 
of ae and the Petrocarbon, Limited/Petro- 
chemicals, Limited, Group of Companies. This will 
enable advantage to be taken both of the Berger 
styrene patents and of the Catarole process, which is 
operated by Petrochemicals, Limited. The factory 
will occupy an area of about 150 actes on a site of 
850 acres, the intention being to provide space for 
the construction of plants by users of the basic raw 
materials which Petrochemicals, Limited, will ve pro- 
ducing. A feature of this arrangement will be the 
supply to such factories of cooling water, steam and 
other facilities, thus saving the cost of independent 
installations. The monometric styrene will be a 
to the plant of Styrene Co-Polymers, where it will be 
co-polymerised with drying oils or resin. 

e Catarole process renders it possible to produce 
aromatic hydrocarbons and a wide range of olefinic and 
paraffinic gases simultaneously from petroleum on a 
scale that is not usually attempted industrially. Certain 
of these chemicals are also of a higher degree of purity 
than formerly. The raw material can be changed 
according to availability, but is normally either 
naphtha, kerosene, or gas oil, although shale and coal 
can also be used. The immediate ucts of the 
process are ethelyne and benzene (which are reacted 
to form ethyl benzene) and an mB To 4) A mix- 
ture. The monometric styrene is produced by the dua’ 
processes of dehydrogenating the ethyl benzene and 
separating the o-xylene/styrene mixture by distillation. 





AUCTION SaLEs oF SuRPLUS MACHINE Toors.—In 
reply to a question by Mr. F. J. Erroll in the House of 
Commons on Monday, July 26, the Minister of Supply, 
(Mr. G. R. Strauss), said that two auction sales of surplus 
machine tools would take place in September, at Birming- 
ham and Glasgow. Plans were being made to hold nine 
other sales during October and November. Further 
sales would depend on the stock position. 
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and Works Electricians. By A.‘J. Coker. General 
Editor: E. Motor. Fourth edition. George Newnes, 
Limited, Tower House, Southamptop-street, Strand, 
London, W.C.2. [Price 7s. 6d. net.] 

Strength of Materials. By PRorgssor JOSEPH MARTIN. 
The Macmillan Company, 60-62, Fifth-avenue, New 
York 11, U.S.A. [Price 4.75 dols.] Macmillan and 
Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 24s. net.] 

Science and Its Background. By Lievut.-Cot. H. D. 
ANTHONY. Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 10s. 6d. net.] 

How to Draw Technical Illustrations. By A. T. LINSLEY 
and G. J. Hawkins. The Studio, Limited, 66, Chandos- 
place, Strand, London, W.C.2. [Price 3s. net.] 

Latest Developments of Dams and Hydro-Electric Power 
Stations in France. By ANDRB.COYNE. Société des 
Ingénieurs Civils de France (British Section), 82, 
Victoria-street, London, S.W.1. [Price 5s.] 

West of Scotland Iron and Steel Institute. Journal. 
Volume 54. Session 1946-47. Offices of the Institute, 
39, Elmbank-crescent, Glasgow, C.2. 

Holland a Country to Watch. Economic Department, 
Royal Netherlands Embassy, Hereford House, 117, 
Park-street, London, W.1. [Free.] 

The Annals of the Computation Laboratory of Harvard 
University. Volume IX. Tables of the Bessel Func- 
tions of the First Kind of Orders Sixteen Through 
Twenty-Seven. Harvard University Press, Cambridge 
38, Massachusetts, U.S.A. [Price 10 dols.] Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 55s. net.] 

Elementary Vectors for Electrical Engineers. By G. W. 
Srusppines. Third edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 78. 6d. net.] 

Scientific Instruments. II. Editor: HERBERT J. COOPER. 
Hutchinson’s Scientific and Technical Publications, 
47, Princes-gate, London, 8.W.7. [Price 30s.] 

The Journal of the Institute of Metals. Volume LXXII. 
1946. Edited by N. B. VauGHAN. The Institute of 
Metals, 4, Grosvenor-gardens, London, 8.W.1. [Price 


60s. 

Metallurgical Abstracts. General and Non-Ferrous. Vol- 
ume 13. 1946. New Series. Edited by 8S. C. 
GuILLAN. The Institute of Metals, 4, Grosvenor- 
gardens, London, 8.W.1. [Price 60s.] 





PERSONAL. 


Sir STANLEY ANGWIN, K.B.E., D.S.O., M.C., T.D., 
M.I.E.E., has been appointed consultant and adviser on 
research and development to the board of directors of 
Messrs. Marconi’s Wireless Telegraph Company, Limited, 
Marconi House, Chelmsford, Essex. 


Mr. W. C. Hine has been appointed, by the British 
Electricity Authority, station superintendent at Little 
Barford Generating Station, St. Neots, in the Eastern 
Division, in succession to Mr. F. A. HAYWARD, now 
group generation engineer (operation). Mr. R. R. 
BELBIN, previously chief assistant engineer at Brims- 
down Power Station, Enfield, has been appointed 
station superintendent at Bedford Generating Station, in 
the Eastern Division, in succession to Mr. N. FLEMING, 
A.M.I1.E.E., who is retiring. Mr. M. P. HENZELL has 
been appointed station superintendent at Portobello, 
in the South-East Scotland Division, and Mr. J. L. 
BLvE to a similar position at the Bonnybridge station 
in the same division. 


Mr. D.S. M. BarRriz, M.B.E., formerly assistant adver- 
tising and publicity officer to the London Midland 
Region of British Railways, has been appointed public 
relations officer to the Railway Executive. Mr. C. 
GRASEMANN, who has been on loan to the Railway 
Executive, has returned to his position as public relations 
and advertising officer to the Southern Region of British 
Railways. 

Mr. R. J. PARKER, M.Inst.M.M., has been appointed 
vice-president of the Kennecott Copper Corporation, 
New York. He was recently awarded by the Colorado 
School of Mines with the School’s Medal of Merit for his 
achievements in the discovery and development of ore- 
bodies, 

Mr. S. FrItpEs has been appointed by Messrs. Musgrave 
and Company, Limited, St. Ann’s Works, Belfast, as 
manager of their Newcastle-upon-Tyne branch at 89a, 
Clayton-street, in succession to Mr. W. J. ADAMs, B.Sc, 


Mr. F. J. CHARD, production manager of the experi- 
mental department of the Bristo] Aeroplane Company, 
Limited, Filton House, Bristol, has been appointed 
production manager for the company’s Brabazon project, 
in succession to MR. ARNOLD LATHAM, A.F.R.Ae.S., who 
has taken up an appointment with Messrs. Metal Industries 
Limited, 145, St. Vincent-street, Glasgow, €.2. 

Mr. C. H. Hut, A.M.1.Mech.K., has retired from his 
Position as chief mechanical engineer of the Sudan Rail- 
ways, which he has held since 1942. 

Mr. R, S. WiLp, director of Messrs. A. G. Wild and 
Company, Limited, Charlotte-road, Sheffield, 2, has 
joined the board of Messrs. Spanner Boilers, Limited, 
Hopton-road, London, 8,.W.16. 

Messrs. ALFRED HERBERT LIMITED, Coventry, have 
been appointed sole selling agents throughout the world 
for Mills presses, with the exception of the 60-ton and 
other sizes of horizontal presses for use in mines and 
collieries, by the manufacturers, Messrs. JOHN MILLIS 
AND COMPANY (LLANIDLOES), LIMITED, Railway Foundry, 
Llanidloes, Mon. 


Messrs. J. H. FENNER AND COMPANY, LIMITED, Cleck- 
heaton, Yorkshire, have opened a branch office at 
Whitcliffe-road, Cleckheaton (Telephone: Cleckheaton 
891), which will be under the management of Mr. M. 
ARNOLD. Mr. J. E. FRYER, the firm’s West Riding 
representative for many years, will continue his services 
in an advisory capacity. 


The business of Messrs. Clark and Standfield, previously 
owned by the late Dr. E. H. Salmon, has been converted 
into a limited company as CLARK AND STANDFIELD, 
LIMITED, with offices, as previously, at 11, Victoria-street, 
London, 8.W.1. The new company will be a subsidiary 
of the Furness Shipbuilding Company, Limited, Haverton 
Hill-on-Tees, and Messrs. Swan, Hunter,and Wigham 
Richardson, Limited, Newcastle-upon-Tyne; and will 
have as its directors, Messrs. C. W. BECKINGHAM, M.C., 
W. T. BUTTERWICE, C.B.E., and SHERITON C. SWAN. 


As from July 31, Messrs. Victor X-Ray Corporation, 
Limited, and Messrs. Newton and Wright,, Limited, 
together with the X-ray research and manufacturing 
interests of the METROPOLITAN-VICKERS ELECTRICAL 
CoMPANY, LIMITED, will be merged into a new company, 
to be known as MEssrs. NEWTON VICTOR, LIMITED, 
whose head office will be at 15, Cavendish-place, London, 
W.1. (Telephone: Langham 4074.) The company will 
have branches and service stations throughout Great 
Britain. 


The British Electricity Authority have selected eight 
representatives to serve on the B.E.A./E.L.M.A. Joint 
Committee. They are Mr. E. L.. GETHIN, contracts 
engineer, and Mr. F. 8S. Nayior, assistant commercial 
manager, both of the Central Authority, Mr. R. LEE, 
sub-area liaison officer of the London Area Board, and 
Messrs. N. F. Marsu, J. F. Smira, A. HASELHURST, 
W. A. Roy1z and J. W. Movutx, whe are the chief com- 
mercial officers of the East Midlands, South Wales, 
Yorkshire, North-Kastern and South-East Scotland 
Areas. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel.—-Good progress was made with repairs 
and overhauls at the mills last week, but these were not 
completed in time for full resumption of steel production 
yesterday, and it is generally assumed that operations 
will not be running at normal levels until the beginning 
of next week. The potential demand for steel from local 
engineering industries is impressive. Shipbuilders, 
power-plant producers, locomotive and wagon builders, 
and the wide range of engineering works in the Clyde area 
have work on hand extending, in some cases, to a period 
of full-scale production for about 10 years, without taking 
into consideration further orders in the meantime. Last 
week, the North British Locomotive Company, Glasgow, 
booked an order from the South African Railways for 
100 locomotives, representing a substantial tonnage of 
cast steel for engine frames and cylinders alone. Steel- 
makers, however, are anxious regarding the scrap position. 
Good results have been accomplished by merchants in 
the collection of home material, but recent peak de- 
liveries, in conjunction with imported supplies, have been 
insufficient to provide more than a meagre margin for 
reserves: it seems that some other source will have to 
be tapped to ensure record-breaking steel outputs during 
the winter. Anxiety is felt by re-rollers and sheetmakers 
regarding supplies of billets and sheet bars, both of which 
are in short supply. 

Scottish Coal.—Scottish deep-mine production for the 
six months ended» July 3 was 12,194,195 tons, compared 
with 11,855,402 tons in the same period last year. The 
average uumber of persons employed, at 82,305 (80,717 
in 1947) was higher while the output per man-shift 
was 22-60 cwt. against 21-40 cwt. last year. Absentee- 
ism during the period averaged 8-88 per cent., compared 
with 9-98 per cent. in the same period of 1947, and the 
tonnage lost through unofficial stoppages was 93,886 
against 106,963. With all the areas working, Divisional 
outputs in the week ended July 17 were 426,600 tons, 
compared with a recent average of some 475,000 tons, the 
difference being largely accounted by the loss of the 
Saturday output, due to the start of holidays. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The aggregate tonnage output of 
iron and steel is being maintained at an extremely high 
level, but is still insufficient for the urgent requirements 
of customers. Enough material is expected to be avail- 
able, however, to deal with current allocations satis- 
factorily, though at this holiday period contraction in 
production is not unusual. The position regarding some 
descriptions of raw material occasions concern. The 
output of Cleveland ironstone is not increasing at the 
expected rate and the disappointing yield necessitates the 
extensive use of high-grade overseas ores, transport 
charges on which are extremely high. Coal and coke 
deliveries are improving. There is no diminution in 
the heavy demand for iron and steel scrap for steelworks 
and for foundry use, and a shrinkage in the imports of 
foreign semi-finished steel is a serious embarrassment to 
the re-rolling branch of the industry. 

Foundry and Basic Iron.—The bulk of the foundry iron 
required for use at North-East Coast works has to be 
brought by train from the Midlands. Substantial 
parcels are coming forward fairly steadily, but regular 
adequate deliveries from that area are difficult to obtain. 
The whole of the basic-iron production is promptly 
absorbed by the essential requirements of the makers’ 
adjacent steel plants. 


Hematite, Low-Phosphorus and Refined Iron.—The 
moderate parcels of East-Coast hematite released for 
disposal, following the kindling of an additional blast- 
furnace at the Normanby Ironworks of Messrs. Pease and 
Partners, are readily taken up, but most of the increased 
supply is absorbed by the current needs of consumers and 
little tonnage is available for the replenishment of 
depleted stocks. There is steady demand for low- and 
medium-phosphorus grades of iron. Manufacturers of 
refined fron are turning out ample tonnage to meet the 
demands of regular users. 

Manufactured Iron and Steel.—Ironfounders are very 
busy and could be even more actively engaged if better 
supplies of pig iron and scrap were forthcoming. There 
is a continuous brisk demand for castings, the outputs of 
which are large in spite of the obstacles to the full opera- 
tion of the producing plants. All descriptions of steel are 
in strong request. Numerous complaints are still heard of 
shortage of steel semies. Home manufacturers are pro- 
viding fairly substantial parcels, but supplies from else- 
where are small and fear is expressed that they may 
continue to shrink. Shipbuilders, constructional en- 
gineers and other big users of finished steel commodities, 
are pressing for larger tonnage allocations and are hopeful 
that the position will again be reviewed during the present 
quarter. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

Welsh Coal Trade.—After hearing disturbing reports of 
the falling off in production at, the mines in the Division 
during the Saturday morning voluntary shifts, a confer- 
ence of South Wales miners last week made a plea for 
better working on Saturdays. They were told that, on 
July 10, only 29 out of more than 200 collieries in the 
Division were at work and their total output was only 
7,692 tons, the lowest recorded this year with the excep- 
tion of Whitsun Saturday. The chief complaint centred 
round the working of a number of collieries in the Swansea 
area, where the biggest losses have been incurred. While 
the National Coal Board was able to show a profit for 
the first quarter of this year, the South Western Division 
recorded a loss of 2,040,3771. Output was 5,576,536 
tons and total costs were 16,131,875l., of which wages 
accounted for 10,099,676/. Trading conditions were 
difficult on the Welsh steam-coal market throughout 
the past week. The stoppages at a number of collieries 
for the miners’ holidays with pay severely affected 
outputs, and this will continue to operate until the end 
of August. Consequently, operators found it difficult 
to arrange business for delivery over the next month 
or so. The principal home consumers made heavy calls 
on productions of the better sorts, and, generally speak- 
ing, these were already taken up for some time to come. 
A good deal of export business could not be handled, 
owing to the scarcity of supplies. The slowing down of 
trade with France and Italy was still apparent, but ship- 
ments to Spain, Portugal and South America proceeded 
along brisk lines. Bunker coals were in sustained 
demand, for both the home ports and the leading coaling 
depots. Cokes and patent fuel were in keen demand, 
and supplies were not easy to negotiate. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that the demand for tinplate was strong last week and, 
as manufacturers have their order books well, filled 
for the current quarter, customers are experiencing some 
difficulty in placing business. In the export market, 
the sales were not as numerous as they were in the 
previous week. ,Steel sheets are in demand and makers 
are being pressed for increased deliveries. The urgent 
demand for iron and steel scrap continues unabated. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Further improvement in steel preduc- 
tion took place during the past week, prior to the general 
annual holidays in Sheffield industry. More than 50,000 
employees started their annual holiday on Friday evening 
last. A big programme of repairs and overhaul of plant 
and machinery is being carried out during the holiday 
by the maintenance men, working for the first holiday 
period at the improved rates of overtime pay. Order 
books in the heavy steel and engineering industries are 
very well filled. A good deal of railway work is being 
done in some former armament sections, chiefly in forg- 
ings and castings for construction and repair of locomo- 
tives and rolling stock. The general railway-material 
shops have still a great deal of work on hand in the 
manufacture of wheels, axles, buffers and springs, and 
have been able to secure a little more steel. Generally, 
in spite of high production, there are various shortages 
which hamper the industries needing high-carbon steel 
sheets and bars. The flow of new business in the agricul- 
tural-steel section is very satisfactory. The just 
closing has been of record proportions. Some of the 
lighter branches report a falling off in export demand, 
owing largely to import restrictions and bigh costs of 
production. 


South Yorkshire Coal Trade.—A spurt in coal produc- 
tion before the more general annual holidays has provided 
sufficient coal for present requirements and for some 
accumulations of stock at works and merchants’ depots. 
Export requirements have not been quite so heavy, but 
the bunker demand has continued strong. Coking coal 
is in great request and the make of coke tends to improve 
a little. Patent fuel and gas coke are in demand for 
stocking purposes. 








INTERNATIONAL ASSOCIATION FOR BRIDGE AND STRUC- 
TURAL ENGINEERING.—The third congress of the Asso- 
ciation Internationale des Ponts et Charpentes (Inter- 
national Association for Bridge and Structural Engi- 
neering), the headquarters of which are at 38, Boulevard 
Bischoffsheim, Brussels, will be held at Liége from 
Monday, September 13, to Saturday, September 18, 1948. 
The subjects to be discussed will include the 
details of steel structures, development in the use of 
concrete and masonry, long-span steel bridges, slabs and 
curved structures in reinforced concrete, the strength 
and stability of concrete discs and shells, the theory and 
coustruction of arched dams, and the safety of structures. 
Visits will be paid to various places of interest near 





Liége, as well as to the port of Antwerp. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-East London Branch: Tuesday, August 3, 
7 p.m., Castle Hotel, High-street, Eltham. Informal 
Discussion on “‘ Unusual Problems.” North-West London 
Branch: Tuesday, August 3, 7.30 p.m., St. Hilda’s Hall, 
Harrow. ‘‘ High-Frequency Heating,” by Mr. A. H. 
Doveton. South London Branch: Thursday, August 5, 
8.30 p.m., The Café Royal, Croydon. Film Display on 
“ Generation and Transmission of Electricity,” intro- 
duced by Mr. E. R. Stickley. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ BERGSUND.”—Single-screw cargo vessel, speci- 
ally strengthened for navigation in ice, built by the 
Furness Shipbuilding Company, Limited, Haverton Hill- 
on-Tees, Co. Durham, for the Rederi A/B Svea, Stock- 
holm. First of six. .Main dimensions: 284 ft. by 39 ft. 
by 22 ft. 11 in. to shelter deck; deadweight capacity, 
1,753 tons on a draught of 15 ft.4#in. Six-cylinder Fiat 
Diesel engine of 1,350 b.h.p., installed by Messrs. Richard- 
sons, Westgarth and Company, Limited, West Hartle- 
pool. Maximum trial speed, 13-89 knots. ‘Trial trip, 
June 26. 


M.S. “Marre Marrsk.”—Single-screw tanker, built 
by the Furness Shipbuilding Company, Limited, Haver- 
ton Hill-on-Tees, Co. Durham, for Messrs. A. P. Miler, 
Copenhagen. Main dimensions: 523 ft. by 67 ft. 6 in. 
by 36 ft. 5 in. to upper deck; deadweight capacity, 
16,670 tons on a draught of 29 ft. 04 in. Six-cylinder 
single-acting two-cycle Diesel engine of 4,850 b.h.p. 
supplied by Messrs. Burmeister and Wain, Copenhagen, 
and installed by the shipbuilders, to give a trial speed of 
about 134 knots. Trial trip, July 3. 


S.S. “IrnisH Rose.”—Single-screw cargo vessel, 
carrying 12 passengers, built by Messrs. William Gray 
and Company, Limited, West Hartlepool, for Messrs. 
Irish Shipping Limited, Dublin, for service between 
Irish ports and the Baltic and Mediterranean. Main 
dimensions: 303 ft. 5 in. by 44 ft. by 25 ft. 6 in. to 
shelter deck; deadweight capacity, about 2,200 tons 
on a load draught of 19 ft. Triple-expansion engines 
constructed by the builders’ Central Marine Engine 
Works, with two oil-fired boilers, to give a service speed 
of over 12 knots. Trial trip, July 9. 


S.S. “ Kineston PERIDOoT.”—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, for The Kingston Steam Trawling Company, 
Limited, Hull. Main dimensions: 182 ft. by 20 ft. 6 in. 
by 16 ft.; gross tonnage, approximately 700. Triple- 
expansion engine, supplied and installed by Messrs. 
Charles D. Holmes and Company, Limited, Hull. 
Launch, July 10. 


M.S. “ ALENQUER.”’—Single-screw cargo liner, carrying 
12 passengers, built by Messrs. Bartram and Sons, 
Limited, South Dock, Sunderland, for the Sociedade 
Geral de Commercio, Industria e Transportes, Ltda., 
Lisbon. Main dimensions: 444 ft. by 58 ft. 9 in. by 
37 ft. 8 in. to upper deck; deadweight capacity, 9,500 
tons on a draught of 26 ft. 1 in. N.E.M.-Doxford four- 
cylinder opposed-piston reversible oil engine, of 4,250 
b.h.p., giving a service speed of about 13? knots, built by 
the North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Launch, July 11. 


M.S. “ MELBOURNE STAR.”—Twin-screw refrigerated 
cargo liner, carrying 12 passengers, built and engined by 
Messrs. Harland and Wolff, Limited, Govan, Glasgow, 
for the Blue Star Line, Limited, London. Main dimen- 
sions: 540 ft. by 70 ft. by 43 ft. 4} in. to shelter deck ; 
gross tonnage, about 13,500 ; loaded draught, 30 ft. 6 in. 
Two sets of Harland-B. and W. eight-cylinder double- 
acting two-stroke Diesel engines. Trial trip, July 13 
and 14. 


S.S. “ Pompey Lient.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Wear Dock Yard, 
Sunderland, for the City of Portsmouth Corporation. 
Main dimensions: 242 ft. by 36 ft. 6 in. by 16 ft. 6 in. ; 
deadweight capacity, about 1,780 tons. Triple-expansion 
engines, of reheat design, constructed and installed by 
the North Eastern Marine Engineering Company (1938), 
Limited, Sunderland, to give a loaded speed of 104 knote. 
Launch, July 21. 


M.S. “ Goopw1n.”—Twin-screw cargo vessel, built 
by the Caledon Shipbuilding and Engineering Compeny, 
Limited, Dundee, for The Clyde Shipping Oompany, 
Limited, Glasgow, C.5. Main dimensions: 235 ft.- by 
38 ft. by 18 ft. ; gross tonnage, about 1,200. Two Atlas 
Diesel-type engines, developing 1,920 b.b.p., giving aspeed 
of 13 knots, supplied by Messrs, British Polar Engines, 





Limited, Glasgow. Launch, July 21. 
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ATOMIC RESEARCH ESTABLISHMENT AT HARWELL. 
(For Description, see Page 97.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.ie Bar 3663 and 3664. 
All editorial corres 
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SUBSCRIPTIONS. 


“ ENGINEERIN' may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and aill 
places abroad, with the exception 
of Canada £410 0 


For Canada £4 5 O 


Subscribers receiving incomplete copies through 
newsagents are to communicate the fact to 
the Publisher, mentioning the agent’s name and 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wra pat phy one gt og te 
and in the art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will mp pete? spanned gl 
larity, but absolute regularity cannot 


The charge for advertisements classified under the 
headings “ A F4 tments ” o Situations 
Wanted,” “ —— etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra chatge is 
le. per. insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six ; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first " Wednesday. 

“Copy” instructions and alterations to mntine 
edvesthblinbae for display announcements must 
received at least 10 days previous to the date of . 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE PHILOSOPHY OF A 
TOOLMAKER. 


No man who has spent mere than 60 years of an 
active life in the machine-tool industry, building-up 
an outstanding business, solving human problems as 
well as technical ones, and making close contacts 
with all sorts and conditions of men, can fail to 
accumulate a wealth of experience or to form a 
body of opinions among which his younger colleagues 
in engineering and industry will find a great deal 
that is worth knowing. He may well feel, indeed, 
that it is his duty to share his wisdom and to state 
his views, since by so doing he will discharge a 
debt of gratitude and may conceivably influence his 
fellow men for good. He will not do either, however, 
without speaking what he firmly believes to be the 
truth, nor, incidentally, without revealing a great 
deal about himself; and since for others as for him 
—and Charron and Pope before him— “ the proper 
study of mankind is man,” the self-portrait may 
prove to be as interesting and instructive as the 
confession of faith. 

At any rate, this is what many thoughtful readers 
are likely to fee] about a collection* of articles, 
letters and speeches by Sir Alfred Herbert, K.B.E., 
which has been published recently in book form 
under the cautious title of Shots at the Truth. 
Although these public utterances extend over little 
more than the war period, from November, 1939, 
to October, 1947, and are predominantly concerned 
with the contribution of the machine-tool industry 
to the British war effort, they range in subject- 
matter from labour problems to literature, and in 
history over the long lifetime of their author. Thus 
they disclose far more than the mere list of titles 
would suggest—for instance, that Sir Alfred was 
intended by his parents to be a parson ; not without 





* Shots at the Truth. By Sir Alfred Herbert, K.B.E. 
Published by Alfred Herbert, Limited, Ceventry. [Price 





15s. 9d., including postage.] 


justification, as may be deduced from the promi- 
nence of moral precepts among his essays and an 
evident felicity in Scriptural quotation. He would 
have taken Holy orders but for the chance le 
of turnings coming sweetly off a lathe, which so 
impressed him with their beauty that his career 
was determined from that moment. More than 
that, however, it inspired him with a love of crafts- 
manship, and an admiration for the inherent 
goodness of work well and truly done, that have 
not only served him well in the material aspects of 
his life’s work, but, maturing with the years, have 
prompted him to aim at the truth and to think 
straight and clearly about the management of 
commercial and national affairs. In passing, it 
may be remarked that there could be no better 
evidence of his notable clarity of mind and direct- 
ness of argument than the letter which appeared 
over his name in The Daily Telegraph of July 27, on 
the subject of the threatened nationalisation of the 
steel industry, and the effect which this may be 
expected to have on the other industries which 
depend upon the steel industry for their raw 
materials. 

The glimpses that he gives of his engineering 
apprenticeship, his management and subsequent 
ownership of a small workshop, his expansion of 
the business to make machine tools for the cycle 
trade, and the steady growth under his direction of 
an undertaking that has for leng brought credit 
to British industry, comprise the material for a 
Samuel Smiles biography, and would read like one 
but for a modesty which has hidden them among 
impersonal views and impressions, applying them 
chiefly to prove points by experience, or to illustrate 
controversial opinions. This much they assuredly do, 
but the discerning reader will see in them even more 
clearly the evidences of an outstanding personality, 
the real reasons why an engineer has had the temerity 
to shoot at the truth. 

Despite his modesty, perhaps because of his 
reticence about himself, Sir Alfred can be out- 
spoken enough in criticising the organisation of the 
nation for war, the stranglehold of bureaucracy, or 
the encroachments of political control on individual 
liberty and commercial enterprise. In the early 
days of the war, he was to be found exhorting the 
people, the labour leaders and the Government to 
make the maximum effort and to keep it up. He 
is scandalised at idle machines, urgent that women 
should play their full part in engineering, angry at 
fantastic costing systems, patiently explanatory on 
the subject of size limits and engineering inspection, 
scornful of those who deprecate the profit motive in 
industry, and sorry for the treatment meted out to 
the machine-tool industry. Indignation about 
form-filling, admiration for sound craftsmen and 
technicians, hatred for tyranny at home and abroad, 
appreciation of American Lease-Lend aid, and fear 
of complacency, inspired him at various times and 
places, but he was always supremely confident that 
the war would be won by the Allies, never swerving 
for an instant from his faith in the sterling qualities 
of the British people and the essential justice of 
their cause. 

The very fact that a great figure in an essential 
industry, the adviser of Cabinet Ministers, and 
member of a score of committees, should have found 
—or, more likely, contrived to make—time and 
occasions to think and write so much for the benefit 
of others speaks volumes for his public spirit. 
Addressing, in 1943, the young citizens of Coventry, 
he can hardly conceal his pride in the city with 
which his own name is so much associated ; empha- 
sising the contrast between real wealth and mere 
money, he exhorts them, in the great tasks of self- 
education and of rebuilding their city and their 
world after the war, to fix their minds firmly on 
the search for the truth which, on unimpeachable 
authority, makes for freedom. On this, and many 
another occasion, he urges on his listeners the 
claims of freedom to be reckoned their most ious 

ion, to be cherished as a birthright, fostered 
by the study of history and social progress, and used 
as a bulwark against insidious propaganda. A year 
or two later, he is beginning to see even more clearly 
the dangers of the war-time sacrifices of individual 
liberty which, paradoxically, the British people had 





accepted as part of the price needed to secure the 
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freedom of all nations threatened by Nazi domina- 
tion. He urges the City of Coventry Freemen’s 
Guild to make sure that the sacrifice shall be only 
temporary, and never to rest content until their 
priceless inheritance, the very life of Englishmen, 
has been regained. 

Bound up with these eminently sound ideas are 
concern about the development of craftsmanship 
and the respensibility of the individual, mutually 
dependent, and both very dear to Sir Alfred’s 
heart. He takes a liberal view of the former, 
regarding it as embracing all work that makes for 
the greater comfort, satisfaction or pleasure of the 
community. Craftsmanship of such scope, ranging 
from housework te masterpieces of art and litera- 
ture, has this in common, that it is performed by 
men and women who have their hearts in their job 
as well as their hands, who feel a responsibility to 
the community for what they do and are not 
satisfied unless they can look on a completed task 
and pronounce it good and honest within the limits 
of their ability. Any dearth of such inherent 
responsibility universally throughout industry leads 
at least to the need for wasteful inspection ; at worst 
to the eventual discovery by the customer of 
scamped or defective workmanship and conse- 
quently to the discredit of the product, of the firm 
producing it, and of its country of origin, in the 
world’s markets. Thus the well-being of the 
artisan himself is shown to depend in the long run 
on his own honesty ; and it is as true of every city 
in the land as it is of Coventry, that every man in 
the long historic past, or in the post-war present, 
who helped to create or now upholds a tradition of 
fine industrial achievement, has contributed directly 
and substantially to the future prosperity of the 
human race. 

Sir Alfred’s association of freedom and crafts- 
manship is purposeful and helps him to make the 
point that the best craftsmanship cannot exist 
under compulsion, since its source is from within. 
There follows for him the corollary that, since most 
people spend the greater part of their lives working, 
it is essential for their happiness ahd contentment 
that they should be free to choose the nature of the 
work that forms their livelihood. Here, perhaps, 
Sir Alfred is in deeper waters than he realises. His 
own simple purpose is to rail at the direction of 
labour, Government inspection, and like instances 
of the conflict between political planning and indi- 
vidual enterprise, warning his audience that freedom 
depends on constant vigilance; but he weakens 
his argument by examples that, were the analogy to 
be rigorously applied, would disqualify Keats from 
being a poet, Ben Jonson a playwright, and scores 
of craftsmen and mechanical inventors from follow- 
ing their individual genius. 

Here, and in some other of Sir Alfred’s pronounce- 
ments, the critical though sympathetic reader may 
feel that the truth has been aimed at with a bow 
drawn too lightly, or too much at a venture, and 
that it is hardly enough to claim that the bull’s-eye 
has been aimed at in all honesty. It is, incidentally, 
unfortunate that, in the symbolic design on the 
cover of the book, which shows an arrew pointing 
towards a target labelled “‘ Truth,” the centre line 
of the arrow will be found, when produced, to pass 
significantly below the centre point. It is far more 
unfortunate, almost astonishingly so, that truth 
should be so closely associated in the author’s mind 
with material responsibility and the will to work 
as to be confused with those undoubtedly admirable 
but mundane qualities, apparently to the extent of 
appraising Martha’s trivial carefulness above Mary’s 
intuitive rightness. The truth, whether it be re- 
garded cynically, after the manner of jesting Pilate, 
or sought earnestly and humbly, is hard to sce and 
harder still to hit; at best, it is but a flickering 
target. A more than human marksman is needed 
to penetrate to the heart of it ; and, since Sir Alfred 
Herbert is above all things human—admirably, if 
at times provokingly, human—he must be allowed 
to err with good intentions. Even so, he shoots 
boldly enough to be an entertaining marksman, and 
is far enough in advance of his times to make a great 
part of his war-time writings and speeches still 
appropriate to-day. They are likely to continue 
worthy of study in the future while the need for 
such plain speaking persists. 








DUST EXPLOSIONS IN 
FACTORIES. 


Tue Safety in Mines Research Board have been 
investigating the subject of coal-dust explosions in 
mines for many years, and, as is well known, have 
come to the conclusion that, apart from the obvious 
procedure of discouraging the accumulation of coal 
dust, the best method of preventing, or at least 
minimising, the effect of coal-dust explosions is to 
dilute the coal with an admixture of stone dust. 
Mine workings, owing to the nature of the opera- 
tions carried out in them, and to the fact that they 
consist of confined spaces, are probably potentially 
the most dangerous of all industrial areas from the 
point of view of dust explosions, but the same 
phenomena may occur with many other types of 
industrial dust and the question of prevention and 
control is of interest and importance in factories 
engaged in a wide range of operations. Almost any 
organic, and many inorganic, materials may form 
an explosive dust ; in the course of three lectures, 
delivered before the London Section of the British 
Association of Chemists, in 1946, Mr. J. H. F. 
Smith, one of H.M. Inspectors of Factories, stated 
that an explosion of starch dust killed 18 people and 
completely destroyed a works, and, in the field of 
inorganic materials, Mr. S. H. Wilkes, H.M. Senior 
Chemical Inspector of Factories, in a paper read 
before the North-Western Branch of the Institution 
of Chemical Engineers, on April 24, stated there 
were many explosions of magnesium and aluminium 
dusts during the war. 

Coal dust will not normally constitute a factory 
problem, although cases may arise in connection 
with the use of pulverised-fuel plants. With such 
installations, the best preventive of serious explo- 
sions would be to avoid the accumulation of dust, 
although this procedure may at times be easier to 
recommend than to carry out. Admixture with an 
inert dust, as practised in coal mines, would hardly 
be feasible, and no one is likely to advocate the 
sprinkling of stone dust in a flour mill. In spite of 
its difficulty in many cases, the basic safety measure 
is to prevent the formation of ignitable dust clouds, 
but of almost equal importance is the avoidance of 
conditions which may give rise to temperatures at 
which ignition ean occur. Mr. Wilkes stated that, 
for many organic dusts, these temperatures are 
between 600 deg. and 700 deg. C. As with vapours, 
there are upper and lower limits of dust concen- 
tration between which explosion may occur. The 
lower limit he placed at 0-02 oz. per cubic foot of 
air; Mr. Smith, in the earlier paper, gave 0-02 oz. 
to 0-04 oz. The higher limit is not accurately 
known, but, as Mr. Wilkes said, an exact figure is 
not of importance in practice. 

A third precaution called for in dust-producing 
industries is the arrangement of plant and apart- 
ments in such a way that the effect of any explosion 
which may occur will be localised, and, as far as 
possible, minimised. The procedure adopted will 
necessarily vary with the nature of the industry 
concerned. Three types of activity produce or use 
powders which may be raised in the air to form 
dust clouds. The first covers those in which the 
production of the powder is the object of the opera- 
tions carried on; a flour mill is a characteristic 
example of this class. The second represents those 
which use flour, or other ignitable powders, as a 
basic material in the manufacture with which 
they are concerned. The third is represented by 
the industries in which dust is produced as an 
unwanted by-product ; examples of these are works 
in which abrasive operations are carried out. In 
all these cases, the problems of preventing the forma- 
tion of dust clouds and restricting the effect of an 
explosion, should it occur, are to some extent 
interlocked. The other aspect, the elimination or 
restriction of conditions which may lead to a 
dust cloud being ignited, constitutes a wide problem 
with many aspects; many carbonaceous materials 
stored in heaps are susceptible to aerial or bacterial 
oxidation resulting in the ignition of a dust cloud. 
More direct causes of possible danger are smoking 
in undesirable situations, static electrical discharges, 
and sparking from electric motors and switchgear. 








Industrial powders are produced in some types 
of grinding mill and of necessity dust clouds will 
exist inside the casings, although as a rule the 
concentration will be above the explosive limit, 
Many explosions of grinding plant are, however, 
on record, and Mr. Wilkes suggested that ignition 
without explosion might occur in the mill and that 
smouldering particles might be carried into the 
ducting, meet a cloud of lower concentration, and 
cause an explosion. In high-speed rotary mills 
with an auxiliary fan, the dust cloud would normally 
be too dilute to explode, but if the full feed were 
put on before the mill and fan had reached full 
speed, abnormally high concentration might occur, 
Mr. Wilkes said that “it must be accepted that 
explosive concentrations cannot be avoided with 
certainty.” This remark was not concerned speci- 
fically with grinding operations, but also covered 
separating and screening. One method of reducing 
risks was to grind in a liquid or inert gas; alu- 
minium and coal, for instance, were sometimes 
ground in flue gas. Many unwanted dusts, such as 
those produced by grinding or polishing wood or 
plastics, might profitably be collected in wet scrub- 
bers. If dry collection were used, it was desirable 
to put them outside work-rooms so that they were 
not likely to injure workpeople if they exploded. 
In the case of magnesium dust, this recommendation 
to use wet scrubbers has become a requirement, and 
they have to be placed not more than 10 ft. from 
the grinding or polishing plant. 

As, even with good arrangements and good main- 
tenance, some dust is sure to escape, “‘ the frequent, 
dreary, costly process of cleaning” cannot be 
avoided. This procedure, if conscientiously carried 
out, does not eliminate the necessity for taking 
precautions against the creating of conditions which 
may cause ignition. To prevent spontaneous com- 
bustion of heaps of carbonaceous material it is 
desirable to embed lengths of metal pipe vertically 
in the mass and regularly check the internal tem- 
perature by means of a thermometer lowered into 
the tubes. Large quantities of very inflammable 
material might have pyrometers buried in them 
and connected to a control panel. Heaps of oily 
sacks are particularly liable to heat up sponta- 
neously to ignition point. Other possible sources 
of ignition mentioned by Mr. Wilkes were sparking 
caused by iron boot-nails or steel drums rubbing 
on concrete floors, and the heating up of bearings 
to a temperature sufficiently high to fire a dust. 
For those in remote positions, he suggested that 
distant-recording pyrometers might be fitted, and 
expressed surprise that temperature-sensitive paint 
was not used more frequently. 

To limit the effect of an explosion, should one 
occur, a sound procedure is to divide a complete 
plant into a number of small units. This, however, 
although admirable from a safety peint of view, 
may be inconvenient and inefficient from that of 
manufacture. It may well be adopted in particu- 
larly dangerous operations, however, such as those 
producing magnesium dust. Casings and ducts 
inside which explosions may possibly occur, can 
be fitted with some type of relief mechanism, 
designed to operate at a pressure lower than that 
which would shatter the casing or duct. This may 
consist either of a fragile panel, just strong enough to 
resist the ordinary working pressure, but not that 
of an explosion; or a hinged door with the same 
characteristics. The position of the relief would 
appear to be of importance. A burst panel leaves 
the plant open and if gas or dust is being driven 
forward by fans, the burning mixture may be 
driven into the workshop. The Safety in Mines 
Research Board is said to favour doors. Obviously, 
they can be closed and conditions restored to normal 
when danger is passed, more quickly than a burst 
panel can be replaced. Mr. Wilkes stated that 
if explosion reliefs must be inside an occupied room, 
they should be connected to the outside air by 
ducting ; this, however, was “a very poor best.” 
Explosion pressures build-up very rapidly, and 
unless the ducting were very short, or of unusual 
strength, it was likely to burst. It was easy to 
base exaggerated hopes on explosion reliefs, and 
“the time has come when dust plant should be 
considered as a pressure plant and i 
accordingly.” 
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NOTES. 


AWARD OF JAMES CLAYTON FELLOWSHIPS. 


In April of this year, as recorded on page 351 of 
the previous volume of ENGINEERING, the Council of 
the Institution of Mechanical Engineers announced 
the conditions governing the award of the James 
Clayton Research Fellowships, to which they had 
decided to devote part of the income from the funds 
bequeathed to the Institution under the will of the 
late Mr. James Clayton, M.I.Mech.E. The Council 
have now announced the names of the first five recipi- 
ents of these awards, all Graduates of the Institution, 
which are as follows. Fellowships valued at 3501. 
each are awarded to Mr. A. J. Barnard, B.Sc. (Eng.) 
(Lond.), and to Mr. A, Firth, B.Sc. (Eng.) (Lond.) ; 
to the former for research at the Imperial College 
on thermal data applicable to binary and ternary 
mixtures in connection with the design of plant and 
the development of processes to separate industrial 
gases by liquefaction, and to the latter for research 
at the City and Guilds College on flow conditions 
in turbo-machinery in order to determine how far 
these conditions comply with those on which the 
usual design theories are based. Mr. J. W. Fitchie, 
B.Sc. (Eng.) (Lond.), receives a Fellowship of the 
value of £450 to investigate, at the Manchester 
College of Technology, the fatigue properties of 
metals, with particular reference to stress concen- 
trations, to be evaluated by photo-elastic or other 
means. A Fellowship of 3001. to 3501. is awarded 
to Mr. F. N. Kirby, B.A. (Cantab.), to enable him 
to return to the University of Cambridge to under- 
take higher studies bearing on gas-turbine develop- 
ment. In addition to these four Fellowships, a 
special Clayton Grant, of 1501. for four months, has 
been made to Mr. R. P. Boswell, B.Sc. (Eng.) 
(Lond.), to finance the completion of an investiga- 
tion, at the Imperial College, on the distribution 
of induced velocity through a helicopter rotor in 
translational flight, and also on blade flapping 
motion and the forces acting on the retor. 


RecorD Lonpon-ParRis FLIGHT. 

A Vickers-Armstrongs Nene-Viking aeroplane, 
which is the first passenger transport to be powered 
exclusively by jet engines, made a flight from 
London to Paris on Sunday, July 25, in 34 minutes 
7 seconds, and a return flight from Paris to London 
in 364 minutes. The distance is about 218 miles. 
The date was the thirty-ninth anniversary of the 
first Channel] crossing in a heavier-than-air machine 
by Louis Blériot ; and the aeroplane, which was 
piloted by Captain J. Summers, carried letters of 
greeting from the Royal Aero Club to M. Jean Blériot, 
the French pioneer’s son, who is secretary-general of 
the International Aeronautical Federation, and to 
the secretary-general of the French Aero Club. 
The aircraft used on this occasion is of an experi- 
mental type and has been designed for research 
into problems of high-altitude flight. It is equipped 
with two Rolls-Royce Mark I Nene engines, each 
of which is capable of producing a static thrust of 
5,000 lb. These engines, which were illustrated and 
described on page 247, of our 162nd volume (1946), 
are installed at the forward end of the nacelles, 
which are spaced at 22 ft. 10 in. centres and are 
mounted on three pairs of V-tubes. These tubes are 
attached by quick-release pins and bushes to the 
leading-edge member and the undercarriage suspen- 
sion frames. The nacelle fairing is of light alloy and 
is bolted to the under side of the leading- and trailing- 
edge members of the inner main plane, as well as to 
intermediate points on the wing structure. As there 
are no cooling intakes, it has been possible to reduce 
the drag considerably, compared with the standard 
Viking. The nacelle forms a streamline fairing for 
the engine and jet pipe and embodies a fireproof bulk- 
head to shut off the engine bay. It is ventilated by 
forward-facing air scoops, the outgoing air being 
expelled through an annular gap between the tail 
pipe and the rear fairing. The jet tail pipe is con- 
nected to the engine by a large expansion joint and is 
suspended from the main spar booms by a flanged 
plate which is raised with the undercarriage sus- 
pension plates. Control is effect by a throttle 
valve and a switch-operated shut-off cock. A 
total of 734 gallons of fuel is carried in two pairs of 


flexible-bag tanks, installed in the outer main 
planes, and is supplied at high pressure to the 
engine-throttle valve by twin multi-plunger pumps, 
mounted on the wheelcase at the front of the engine. 
The main undercarriage units have been designed 
to accommodate the jet pipe and the lowered 
nacelle. Each unit comprises two oleo-pneumatic 
shock-absorber legs carrying a landing wheel, and 
is raised and lowered hydraulically, We understand 
that tests with this machine are to be carried out 
on noise characteristics, high-frequency vibration, 
climb, ceiling, take-off and baulked landings, as 
well as to determine general performances. As the 
Nene-Viking is purely jet-powered with the engines 
mounted in close proximity to the fuselage, it is 
hoped to accumulate valuable data under conditions 
not hitherto available. 


British STANDARDS INSTITUTION. 


The annual general meeting of the British Stan- 
dards Institution was held at the Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2, on Wednesday, July 21. 
Addressing the meeting, the President (the Rt. Hon. 
Lord McGowan) said that the Institution was 
growing in size and influence. More and more 
industries were becoming aware of the need for 
standards and of the advantage of co-operating 
with the Institution in the preparation of those 
standards on a national scale. Events had shown 
the wisdom of the chemical industry im inviting 
the Institution, nearly 20 years ago, to extend its 
activities beyond engineering work. This extension 
had been of value both to the chemical industry 
and to other branches of commerce. He also 
stressed the importance of British Standards to 
our export trades. One of the best ways of ensuring 
that overseas standards did not conflict with 
our Own was to appoint local representatives of 
British firms to participate in their preparation. In 
presenting the annual report, the acting chairman 
of the Institution (Sir William J. Larke) referred 
to the great extension in the circulation of British 
Standards throughout the world and to the fact 
that many industries were having British specifica- 
tions translated into foreign . Anexample 
of the extension of the work of the Institution was 
the formation of advisory committees with a view 
to standardising the requirements of local authori- 
ties, hospitals, and distributing industries; and 
thus reducing the number of types of the various 
products at present demanded. An advisory 
committee on electrical appliances and acces- 
sories had also been set up, in collaboration with the 
British Electrical Development Association, to 
investigate complaints regarding electrical equip- 
ment. The close collaboration between the Insti- 
tution and the Inter-Services Committee on the 
work of unifying Anglo-American-Canadian screw 
threads was another activity that had been con- 
tinued. 


Tue British HyDROMECHANICS RESEARCH 
ASSOCIATION. 


The inaugural meeting of the Research Committee 
of the British Hydromechanics Research Association 
was held in London on July 13, the chair being 
taken by Mr. G. A. Wauchope, chairman of the 
Council. It may be recalled that the formation 
of the Association, and the purposes for which it was 
established, were the subject of an article on page 
469 of our 164th volume (1947). The present 
membefship, as stated by Mr. Wauchope, comprises 
some 24 manufacturers of hydraulic machinery, 
four users, twelve consultants, and 16 professors 
and academic workers. Control is vested in a 
Council, under the presidency of Sir John Anderson, 
F.R.S., and the Association operates, under the 
egis of the Department of Scientific and Industrial 
Research, in close liaison with the Mechanical 
Engineering Research Board and the Hydraulic 
Research Department of the D.S.I.R. At the 
meeting, the Director of Research (Mr. L. E. 
Prosser) mentioned that, pending the construction 
by the Mechanical Engineering Research Board of 
the proposed fiuid-mechanics laboratory, to be 
established in Scotland, advantage would be taken 
of the facilities available in the various university 





and technical-college laboratories, and of the equip- 





ment possessed by the various member companies. 
An information service was being started, to provide 
members with digests and abstracts of articles, etc., 
published elsewhere, and to facilitate the work of 
the Research Committee. Between 55 and 60 
subjects for research having been suggested, the 
Committee decided to divide these inte six groups, 
to be considered in detail by sectional committees 
who could appoint panels to deal with particular 
subjects. Committee No. 1, under the chairman- 
ship of Mr. H. R. Lupton, chief mechanical engineer 
of the Metropolitan Water Board, will deal with 
fundamental fluid mechanics, the flow of liquids 
under abnormal conditions, the fluid mechanics of 
servo controls, and ejectors and the mixing of fluids. 
Committee No. 2, of which the chairman is Mr. E. R. 
Howland of the British Pitometer Company, will be 
concerned with measurement and with laboratory 
technique. Committee No. 3, on centrifugal and 
allied pumps and turbines, has as chairman Mr. H. 
Headland, of Messrs. Kennedy and Donkin. Pro- 
fessor S. J. Davies, of King’s College, University of 
London, is chairman of Committee No. 4, on the 
control and motion of fluid in pipes and valves. 
The subject of seals and joints will be investigated 
by Committee No. 5, under the chairmanship of 
Mr. F. H. Towler, of Messrs. Towler Brothers 
(Patents), Limited ; and Committee No. 6 will deal 
with reciprocating machinery and displacement 
pumps and motors, with Mr. J. L. Daniels, of Messrs. 
T. H. and J. Daniels, Limited, as chairman. The 
Association now has offices at 79, Petty France, 
Westminster, 8.W.1 (telephone, WHItehall 2568). 


Tue Evecrricitry SERVICE CENTRE. 


The Electricity Service Centre, which has been 
established by the London Electricity Board at 
3-4, Queen Street, London, E.C.4, as a permanent 
exhibition and advice bureau, was formally opened 
on Friday, July 23, by the Lord Mayor of London 
(the Rt. Hon. Sir Frederick Wells). The primary 
aim of the Board in forming this Centre is to 
provide a place where the general public and the 
more technically qualified visitor, from this country 
or overseas, can inspect electrical equipment de- 
signed for various uses and become acquainted with 
developments in both the industrial and domestic 
fields. Special lectures for schools or groups of 
juvenile visitors are also being considered. At 
present the Centre occupies a total floer space of 
about 2,000 sq. ft., and the wide range of electrical 
equipment shown can be broadly classified into 
12 groups, including agricultural, catering, mining, 
traction and medical applications. Scale models 
and photographs to demonstrate methods of 
generation and distribution are exhibited in other 
groups. An electronic section includes radio, 
laboratory testing, and measuring apparatus, as 
well as a 5-megacycle high-frequency furnace for 
the surface hardening of small rods and taps, and 
piezo-electric equipment demonstrating how one- 
megacycle frequency waves from a crystal immersed 
in oil can be focused on a surface to set up large 
disturbing forces. Various display cabinets show 
the effects of glare and of different forms of direct 
and indirect lighting. Samples of two-, three- and 
four-core aluminium-alloy sheathed cable are 
exhibited, together with an equivalent length of 
lead-sheathed cable, to demonstrate the saving in 
overall weight obtained by the use of the former 
metal. Various types of small electric motors and 
switchgear are also on view, together with a full- 
scale sectional model of the 500-MVA 11-kV air- 
blast circuit breaker, which was described on page 
487 of the previous volume of EncrngERING. The 
Centre is now open to the public between 9 a.m. and 
5 p.m. from Monday to Friday, and from 9 a.m. to 
noon on Saturdays. 





ELEcTRICITY LOAD SPREADING IN COMMERCE.—The 
first meeting of the Central Committee on Electricity 
Load Spreading in Commerce, to which reference was 
made on page 39, ante, was held on Thursday, July 22. 
At this meeting, representatives of commercial organisa- 
tions and trades unions discussed with officials and repre- 
sentatives of the Regional Boards for Industry the out- 
lines of methods by which shops, offices and other non- 
industrial establishments: can help to meet electricity 
shortage during the coming winter. 
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OBITUARY. 


SIR CLIFFORD PATERSON, O.B.E., 
D.Sc., F.R.S. 


WE regret to have to announce the death of 
Sir Clifford Paterson, O.B.E., D.Sc., F.R.S., which 
occurred at Watford, Hertfordshire, on Monday, 
July 26, after a short illness. Sir Clifford, who was 
68 years of age, was well known for his contributions 
to science in the fields of illumination and optics 
and for the organisational ability which he exhibited 
in building up and conducting one of the largest 
research establishments dealing with these subjects 
in this country. He was a fluent lecturer and a 





past-master in the art of experimental demonstration. 
He was able to render 
his arguments equally 
clear and attractive to 
both technical and lay 
audiences. He had just 
returned from Australia, 
where he had been to 
establish contact be- 
tween scientific bodies 
in that Dominion and 
this country. 

Clifford Copland Pat- 
erson was born at Stam- 
ford Hill, London, on 
October 17, 1879, and 
was educated at Mill 
Hill School. On leaving 
school he served a four- 
year apprenticeship in 
the shops of an engineer- 
i firm; and then 
attended the electrical 
engineering course at 
Finsbury Technical Col- 
lege under Silvanus 
Thompson. From 1901 
to 1903 he was at 
Faraday House, and 
while there he first 
served an apprentice- 
ship in the testing de- 
partment of the organi- 
sation. He then pro- 
ceeded to the works 
of the Maschinenfabrik 
Oerlikon, near Ziirich, 
where he was engaged 
in work connected with 
the electrification of the 
Jungfrau Railway. 
During this period, he 
wrote, in collaboration 
with Dr. Alexander Rus- 
sell, the first of the long 
series of papers for 
which he was ultimately 
responsible, the subject 
being “Sparking in 
Switches.” In 1903, he 
was appointed by Sir 
Richard Glazebrook to 
take charge of the Elec- 
trotechnical and Photo- 
metric Departments at the then newly-founded 
National Physical Laboratory at Teddington. Dur- 
ing his 16 years tenure of this position he was largely 
responsible for building up this section of the 
Laboratory and for doing an immense amount of 
work which resulted in the determination of the 
lines along which future development would take 
place. Among other matters, he introduced many 
improvements into measuring instruments, such as 
the electrostatic wattmeter, and carried out a 
number of researches on standards of light and 
in the high-voltage field. During the 1914-18 war 
he participated in the inception and development 
of the Paterson-Walsh electrical height finder, which 
— an automatic record of the heights of air- 


THE 


As is well known, events during this First World 
War clearly showed the increasing part that electrical 





engineering could play, both in military and civil 


activities, and indicated the need for extending 
the knowledge of electrical science to enable the 
full advantage to be taken of these activities. 
With this end in view, Mr. Hugo Hirst, afterwards 
Lord Hirst, who was at that time chairman of the 
General Electric Company, decided to establish a 
Research Laboratory at Wembley and, in 1919, 
invited Paterson to act as its Director. In the 
course of its existence of nearly 30 years, he has 
guided the whole of the activities of this establish- 
ment, which range from the heavy engineering field 
to electronics, and has seen its scope greatly 
extended, as can be shown simply by the statement 
that its staff has increased from 29 to over 1,750 at 
the present time. In particular, the Laboratory 
under his direction, has been responsible for investi- 
gations into new methods of electric lighting, 





Late Sm Cuirrorp Paterson, O.B.E., D.Sc., F.R.S. 


especially those making use of the electric discharge 
and of the fluorescent properties of certain sub- 
stances, and into electronic devices, notably the 
magnetron and other complicated valves. He dealt 
with some of the developments in the first of these 
branches of work in the Faraday Lecture he delivered 
before the Institution of Electrical Engineers in 1947. 
During the recent war he also collaborated with the 
armed Forces and with the supply departments in 
many matters of outstanding importance in their 
work and thus contributed greatly to the war effort. 
In particular, he co-ordinated the work of numerous 
teams in connection with the development of the 
use of high radio frequencies, thus making possible 
many vital new weapons of offence and defence. 
The resulting production of special devices and 
valves of new type did much to keep our Services 
ahead of those of the enemy. He described certain 
phases of this work in a lecture which he gave 








before the Radiocommunication Convention of the 
Institution of Electrical Engineers in March, 1947, 
pointing out, in particular, how frequencies above 
30 megacycles per second had been used to provide 
a substantially interference-free service to aeroplanes 
in flight. This, and other similar work, had clearly 
indicated the lines of future progress. The industry 
was therefore well equipped to supply reliable 
apparatus designed to meet the requirements of any 
specific locality. He was also responsible for the 
production at Wembley of diamond dies for fine 
wiredrawing, and described the work in a lecture 
delivered before the Royal Institution in December, 
1943. 

Paterson was appointed an Officer of the Order 
of the British Empire for his services during the 
1914-18 war and received the honour of knighthood 
in 1946. He waselected 
a Fellow of the Royal 
Society in 1942. His 
connection with the In. 
stitution of Electrical 
Engineers began in 1902, 
when he became an 
associate, being trans- 
ferred to the class of 
associate member in 
1905 and to that of 
member in 1911. After 
serving on the Council 
and as vice-president, 
he was elected president 
in 1930, the year of the 
Faraday Centenary cele- 
brations, and in 1945 
was awarded the Fara- 
day Medal “for the 
conspicuous services ren- 
dered by him in the 
advancement of elec- 
trical science, particu- 
larly in the field of 
electrical research.” He 
contributed a number 
of papers to the proceed- 
ings of that body and 
had received the Insti- 
tution, Kelvin’ and 
Original Communica- 
tion Premiums. He 
was elected an associate 
member of the Institu- 
tion of Civil Engineers 
in 1905 and became a 
member in 1919. On 
the joint recommenda- 
tion of the presidents 
of the Royal Society 
and the Institution of 
Civil Engineers, he was 
awarded the James 
Alfred Ewing Medal in 
1946 for “‘ specially meri- 
torious contributions to 
the science of engineer- 
ing in the field of 
research.” He was made 
an honorary Doctor of 
Science in the University 
of Birmingham in 1937. 
The last of his many honours was the award of a 
Gold Medal by the Illuminating Engineering Society 
of America. This was presented to Lady Paterson 
as recently as Thursday, July 22, by Mr. Presten 
Millar, past-president of the Society. He was a 
past-president of the International Illumination 
Commission, the Institute of Physics, the British 
Electrical and Allied Industries Research Associa- 
tion, the Junior Institution of Engineers, and the 
Illuminating Engineering Society. He had also 
been chairman of the Department of Scientific and 
Industrial Research Committee on the lighting of 
buildings, and of the General Council of the British 
Standards Institution. He was a member of a 
number of Committees set up to advise Government 
departments on factory, ship and street lighting. 

The funeral will take place at Watford to-day, 
Friday, July 30. A Memorial Service is to be held 
in London at a later date. 
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MR. B. PRICE, O.B.E. 


We regret to record the death of Mr. Bernard 
Price, which occurred at Johannesburg, South 
Africa, after an operation, on Friday, July 9. He 
was 71 years of age and will best be remembered for 
his work on the balanced-voltage protective system 
for feeders, which he devised in association with 
Mr. C. H. Merz. 

Bernard Price was born in London in 1877 and 
was educated at St. Dunstan’s College, Catford, and 
at the ‘Central Technical College, South Kensington. 
From 1896 to 1901 he was engaged in the shipyard 
of Messrs. William Denny and Brothers, Limited, 
Dumbarton, and in the works of Messrs. Siemens 
Brothers and Company, Limited, Woolwich, joining 
Mr. C. H. Merz, who was then in practice as a con- 
sulting engineer in Newcastle-on-Tyne, as an 
assistant in the latter year. For the next six years 
he did a great deal of pioneer work on the develop- 
ment of electricity supply in Northumberland and 
Durham, gradually helping to build up the extensive 
network which later became that of the North- 
Eastern Electric Supply Company. He also assisted 
Mr. C. H. Merz in the preparation of a Parliamentary 
Bill for the supply of electricity in the Administra- 
tive County of London; and on the plans for the 
electrification of the suburban railways in the New- 
castle area and of the tramways in Melbourne. 
In 1909, he went to South Africa as chief engineer 
of the Victoria Falls and Transvaal Power Company, 
and held this position, jointly with that of general 
manager, from 1927 until his retirement in 1936. It 
was, while he was working with Mr. C. H. Merz that 
he devised a system of feeder protection which de- 
pends upon the balancing of the electromotive forces 
induced in current transformers at each end of the 
line. These transformers are connected by pilot 
wires with their secondaries in opposition, so that 
normally no current flows through relays associated 
with them. If, however, a fault occurs the balance 
is disturbed and the relays are energised, thus caus- 
ing the circuit-breakers to trip. 

Mr. Price was appointed an officer of the Order 
of the British Empire for his services to electricity 
supply in South Africa. He was elected an asso- 
ciate member of the Institution of Civil Engineers 

in 1910 and transferred to the class of members in 
1930. He became a member of the Institution of 
Electrical Engineers in 1909 and was a past-president 
both of the South African Institute of Electrical 
Engineers and of the South African Institution of 
Engineers. He was a Doctor of Science and a 
member of Council of the Witwatersrand University. 
He was also the founder of the Bernard Price Insti- 
tute of Geophysical Research in that University. 





MR. R. R. MARTINDALE. 


WE also regret to record the death of Mr. R. R. 
Martindale, which occurred at Beckenham, Kent, 
on Thursday, July 22, after several months’ illness. 
He was 55 years of age. 

Robert Ruthven Martindale was educated at the 
Rutherford and Armstrong Colleges, Newcastle- 
upon-Tyne, and afterwards obtained practical 
experience with Messrs. J. H. Holmes and Company, 
Limited, and the Wallsend Slipway and Engineering 
Company, Limited. He began his connection with 
the electricity supply industry in 1911, when he 
obtained an appointment with the Tynemouth 
Corporation. After serving a short time with the 
Cleveland and Durham Power Company, he took 
up @ post as assistant engineer at the Deptford 
East power station of the London Electric Supply 
Corporation in 1914. He was in the Army from 
1916 to 1919, serving with the North Russian 
Expeditionary Force and attaining the rank of 
Major. He then returned to Deptford, where he 
became chief assistant to the station superintendent 
in 1926. Six years later he was appointed station 
superintendent of the Battersea power station of 
the London Power Company. At that time, this 
station included many novel features, among them 
70-MW sets working with steam at a pressure of 
600 Ib. per square inch and a temperature of 875 
deg. F., and flue-gas washing plant. It soon proved 
itself to be the most efficient station in the country, 
and little was heard of the deleterious influence on 


surrounding amenities which it was presumed in 
some quarters that its operation would have. These 
results were due, to a large extent, to Mr. Martin- 
dale’s efforts during the first years of its life. In 
1938, he was appointed personal assistant to 
Sir Leonard Pearce and deputy chief generation 
engineer of the London Power Company, while two 
years later he became chief generation engineer and. 
executive assistant to Sir Leonard. In 1947, he was 
appointed chief executive officer of the company, 
and became deputy chief engineer (generation) of 
the British Electricity Authority on April 1, 1948. 

He was elected a member of the Institution of 
Mechanical Engineers in 1948, and became an 
associate member of the Institution of Electrical 
Engineers in 1919, being transferred to the class of 
member in June of this year. 


MR. B. E. DUNBAR KILBURN. 


Tue sudden death, on July 18, at the age of 76, 
of Mr. B. E. Dunbar Kilburn will have caused much 
regret in wide and diverse circles, for Mr. Kilburn 
was a man of varied interests who achieved personal 
distinction in many more directions than those of 
patent agency, in which his professional life was 
spent. 

Y ieee Edward Dunbar Kilburn was the son of 
an East India merchant and was born on February 1, 
1872. His schooling was received at Eastbourne 
College, whence he proceeded to Trinity College, 
Cambridge, graduating as a B.A. (afterwards becom- 
ing M.A.) and showing a particular bent for natural 
science, which he had the good fortune to study under 
Sir J. J. Thomson, Sir Richard Glazebrook and Sir 
J. A. Ewing. On leaving Cambridge in 1893, he 
was articled to Mr. A. J. Boult, chartered patent 
agent, and eventually became his partner, the style 
of the firm (now Boult, Wade and Tennant) being 
then Boult, Wade and Kilburn. In 1906, however, 
he went into practice on his own account, subse- 
quently taking into practice his own pupil, the late 
Mr. Maurice Strode. At the time of his death, he 
was still senior partner in the firm of Kilburn and 
Strode, and continued to take an active interest in 
their affairs. During the 1914-18 war, he served in 
the Secret Patents Department of the Admiralty. 

- Mr. Kilburn was President of the Chartered 
Institute of Patent Agents from 1921 to 1923, an 
Associate of the Institution of Civil Engineers, and 
a Companion of the Institution of Mechanical 
Engineers, in each of which his membership 
extended over 40 years or more. He was a Fellow 
of the} Royal Meteorological Society and of the 
Royal ||Society of Arts, a past-chairman of the 
Junior|| Institution of Engineers, a member of the 
Committee of the Royal Humane Society, a member 
of the Newcomen Society and, for a number of years, 
served jon the Council of the Society for Nautical 
Researth. Although, in the activities of all of 
these societies, he was an energetic and practical 
participant, he found time also to devote to more 
public work, as a Justice of the Peace for Oxford- 
shire and, in 1942-3, as High Sherift of that county. 
As a young man, he showed some promise in 
athletics, playing in the Cambridge University 
hockey team in two successive years; but in later life 
he was more attracted to yachting, being a member 
of the Royal Cruising Club, the Royal Corinthian 
Yacht Club, and others, and, for several years, 
Commodore of the Fambridge Yacht Club. During 
the war, of course, sailing was necessarily in abey- 
ance, but Mr. Kilburn maintained his interest in it 
to the end of his life. 





MR. E. C. WARD. 


Mr. Epwarp Cyrm Warp, whose death we 
regret to announce, was widely known in that 
branch of engineering concerned with electric power 
generation, and especially so in connection with the 
Barking power station, where he spent many years 
as resident engineer for the consultants, Messrs. 
Merz and Mclellan. A native of Ipswich, where 
he was born on December 27, 1886, Mr. Ward was 
educated at the Middle School and the technical 
college of that town and also served his apprentice- 
ship there with Messrs. Ransomes, Sims and 





Jefferies, Limited. He remained with them for a 





short time as a draughtsman before going to Lincoln 
as experimental engineer with Clayton and Shuttle- 
worth, Limited, where he was engaged in making 
improvements in thrashing machines. His next 
appointment, in 1909, was as a steam-engine designer 
with Davey, Paxman and Company, Limited, Col- 
chester, where he had his first experience in the con- 
struction of electric-generating plant. Six years later, 
he was engaged by Sir Douglas Fox and Partners for 
design and inspection work on the power station 
at the Royal Naval Cordite Factory, Poole, which 
occupied him until 1918, when he was appointed as 
engineer and chief designer to the firm of Railless, 
Limited, whose patented type of transport vehicle 
was developed very largely by him. Although this 
method of traction achieved a measure of success, 
the company eventually went into liquidation and 
Ward returned to power-station work, this time in 
the London office of the Victoria Falls and Transvaal 
Power Company. He remained with them for some 
years, joining Messrs. Merz and McLellan about 
1925, and being appointed almost at once as their 
resident engineer at Barking. Of the development 
of that station to its present size he had an almost 
unequalled knowledge, and he continued his close 
association with it to the end, although latterly, 
and especially in the war years, he had been con- 
cerned also with the Littlebrook station, and with 
various others. Though Mr. Ward had been an 
associate-member of the Institution of Mechanical 
Engineers for a quarter of a century, he was rarely 
seen at its meetings, but in his own professional 
field he had a wide circle of friends, who held him 
in high regard. 





LETTERS TO THE EDITOR. 


ENGINEERING UNITS OF FORCE. 
To THE Eprror oF ENGINEERING. 


Sm,—Mr. Lennie’s suggestion, in your issue of 
July 16, on page 64, for the adoption of “‘ gravities ” 
in the application of the formula, F = ma, has 
much to recommend it, if this approach is merely 
used as a supplementary explanation of the formula 
and when first introducing it to the student. In 
my original comments on this subject I suggested 
that the obvious practical way to deal with the 
formula was to convert it to :— 


F=Wx? . oh 
or 


F=~ xa 2 >» a 


In (1) 5 Tepresents “ gravities ” and in (2) > repre- 


sents “‘ slugs.” 

The first criticism of Mr. Lennie’s approach is that 
“‘ gravities ’ do not represent acceleration, but a 
dimensionless ratio. As a result, what Mr. Lennie 
refers to as mass in his equation is not mass but 
weight (as is obvious from his example) and is in 
fact the W in equation (1) above. 
The second criticism concerns other quantities 
embodying mass, to which Mr. Lennie makes some 
reference. Perhaps the best example of the need 
for a clear term to denote mass is to be found when 
dealing with density. The density used in aero- 
dynamics and many other branches of engineering 
is a “ mass density,” and for the sake of clarity we 
must be able to distinguish this from the common 
density, or specific weight, used in many other 
applications. The only satisfactory solution appears 
to be the adoption of such terms as “slugs per 
cub. ft.” for the one and “Ib. per cub. ft.” for the 
other. 
Finally, it is difficult to understand the objection 
to the term “slug,” since all the confusion that has 
ever arisen in connection with engineering units of 
force, etc., has been the direct result of an early 
error in making the pound (Ib., or any other abbre- 
viation) serve as the unit of two different quantities. 
Yours faithfully, 

R. H. Youne. 

54a, Creffield Road, 

Colchester, Essex. 
July 22, 1948. 
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THE ROYAL AGRICULTURAL 
SHOW AT YORK. 
(Concluded from page 91.) 


A PLEASING feature of the Show was the in- 
crease in the number of track-laying tractors of 
British manufacture which were being exhibited 
on the various stands, their sizes ranging from dimin- 
utive horticultural machines to those capable of 
hauling four- and five-furrow ploughs. . A tractor 
that can be considered as coming approximately 
midway between these two extremes is illustrated 
in Fig. 22, on this page ; it has been developed by 
Messrs. Glave, Limited, Caldecote Mill, Newport 
Pagnell, Buckinghamshire, and was being exhibited 
on the stand of Messrs. Gates and Hardy, Limited, 
66, Victoria-street, London, S.W.1l. The tractor 
exhibited, however, was still in its prototype form 
so it will only be possible to give a brief description 
at this stage. It is fitted with a Morris Commercial 
four-cylinder petrol engine having a bore and stroke 
of 75 mm. and 102 mm., respectively, which gives a 
capacity of 1,802 c.c. The gearbox provides three 
forward speeds and a reverse, the ratios for the 
forward speeds being: first speed, 3-198 to 1; 
second, 1-718 to 1 and third, 1 to 1. The final 
drive is through an L.G.1l, size 30, transmission 
assembly. This is similar in principle to that fitted 
to the Powersteer three-wheeled tractor, a descrip- 
tion of which was given on page 66, ante. In 
addition to performing the usual function of 
driving the tracks, the L.G.1 transmission also 
controls the steering by altering the relative speeds 
of the driving sprockets. The system is arranged 
so that it does not cross-steer when the engine is 
over-run ; furthermore, the differential does not 
come into action until a turn is made. The tracks 
are driven through sprockets at the rear of the 
tractor and each track is provided with five load- 
carrying wheels. The tracks are 9 in. wide and 
the length of track in contact with the ground is 
36 in.; with a tractor weight of 2 tons, this gives 
a ground pressure of approximately 6-60 lb. per 
square inch. The tractor has an overall length of 
9 ft. 6 in., a maximum width of 4 ft. 3} in., and a 
height of 4 ft. 6in. The ground clearance is 1 ft. 34 in. 
and the drawbar pull approximately 3,000 Ib. 

Another type of medium tractor is illustrated in 
Fig. 23, on this page ; this is the Loyd tractor, which 
has been developed by Messrs. Vivian Loyd and 
Company, Limited, Copped Hall, Camberley, 
Surrey, and was being shown on the stand of 
Messrs. Byron Farm Machinery, Limited, 23, 
College-hill, London, E.C.4. It is fitted with a 
Ford V-8 30-h.p. industrial petrol engine and 
gearbox unit, the gearbox providing four forward 
speeds and a reverse. The drive is transmitted to 
the rear axle through a crown wheel and pinion. 
A differential is incorporated in the final drive, and 
the tractor is steered by braking the half-shafts, 
which are fitted with Girling internal-expanding 
brakes. The tracks are similar to those fitted to 
the Bren carrier; they have a width of 9} in. and 
are set 43 in. apart at the centres. The engine is 
governed at 1,750 r-p.m., which gives a maximum 
speed in top gear of 5-5 miles per hour, the speeds 
in the intermediate gears being: first, 0-8 mile 
per hour; second, 1-70 miles per hour; and 
third, 3-20 miles per hour. The weight of the 
tractor, less fuel and operator, but including 
coolant and lubricating oil, is 5,000 lb., while the 
maximum draw-bar pull developed is in the neigh- 
bourhood of 4,600 lb. The complete machine has a 
length of 9 ft. 8 in., a width of 4 ft. 5 in., and a 
height of 4 ft. 84 in. If required, it can be fitted 
with a power take-off pulley, a winch and earth- 
moving equipment. 

Bristol Tractors, Limited, Earby, via Colne, 
Lancashire, were showing a new crawler tractor 
considerably more powerful than their previous 
tractors of this type. The new tractor is known as 
the Bristol 20, and is illustrated in Figs. 24 and 25, 
opposite. It is powered by an Austin four-cylin- 
der petrol engine having a bore and stroke of 
34 in. and 4% in., respectively, and developing 
22 brake horse-power at 1,500 r.p.m. The cylinder 
block and crankcase form a single casting and the 





detachable cylinder head is fitted with overhead | steel. The main shaft and layshaft are supported 


EXHIBITS 


JULY 30, 1948. 


AT THE ROYAL AGRICULTURAL SHOW. 





Fie. 22. Trackep Tractor; Messrs. GuaveE LiMiTED. 








Fie. 23. 


valves operated in the usual manner through push 
rods and rocking levers. Aluminium-alloy pistons 
are used and they are fitted with two compression 
rings and one oil-control ring. The crankshaft is 
counterbalanced and is carried in three main 
bearings of the steel-backed white-metal lined 
type. Forced-feed lubrication is used throughout, 
the oil passing first through a wire-mesh strainer 
and then through a full-flow Tecalemit filter. The 
engine is water-cooled, a tubular radiator being 
employed and cooling is assisted by a pump and a 
fan belt-driven from the engine crankshaft and 
situated just behind the forward-mounted radiator. 
The engine is fitted with a governor which controls 
the engine speed to a maximum of 1,500 r.p.m. ; 
the governor is of the centrifugal type and is driven 
from the crankshaft through helical gears. The 
engine can be supplied for running either on petrol 
or vaporising oil ; in the latter case, a dual carburet- 
tor is fitted which changes over automatically to 
petrol for starting and idling. 

The drive from the engine is transmitted to the 
gearbox through a single dry-plate Borg and Beck 
clutch having a diameter of 9 in. A graphite 
release bearing is fitted and, in addition to the usual 
driver’s clutch pedal, an auxiliary hand control is 
fitted at the rear of the tractor. The gearbox 
provides three forward speeds and a reverse, the 
gears being made from case-hardened nickel-chrome 














Loyp Tractor; Messrs. Vivian Loyp anp Company, LIMITED. 


by ball races and, in addition to its usual function, 
the layshaft is used for the drive to the power 
take-off. The drive from the gearbox is trans- 
ferred through a crown wheel and pinion to a 
countershaft located across the rear of the tractor, 
the crown wheel being supported by taper-roller 
bearings, while final drive is through straddle- 
mounted pinions and gearwheels. The steering 
clutches are fitted to the countershaft, and are 
of the dry multi-plate type, teeth formed on the 
peripheries of the driven plates engaging with 
internally serrated female members integral with 
the final drive pinions. The steering clutches are 
permanently engaged and are released through 
ball-thrust bearings operated by hand levers 
adjacent the driver. In addition to the clutches, 
foot-operated band brakes are provided. 

The roller frames are of fabricated-steel construc- 
tion and are pivoted from the transmission housing 
on case-hardened shafts which work within self- 
lubricating bushes. Three pairs of track rollers 
are fitted at each side and are provided with 
case-hardened spindles which run in an oil bath. 
The idler wheels are supported by the roller frames 
and are located by forks arranged to give single 
point adjustment. The tracks are of rubber- 
jointed construction. 

The tractor is of unit construction throughout, 
no chassis frame being employed, and the various 
assemblies, such as engine, transmission, steering, 
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Fig. 24. 





Fie. 26. 


clutches, etc., can be removed separately for 
servicing. A hydraulic power-lift can be fitted, 


the unit being located at the rear of the trans- | 


mission and driven from the gearbox layshaft. 
The unit comprises a constantly-driven four-cylinder 
pump, a power cylinder, lifting shaft and levers, 
end the control gear. The usual linkage for attach- 
ing the implement is provided, the upper link of 
which is arranged so that in the event of the 
implement striking an obstacle, the main clutch 
is released. The tractor has a length of approxi- 
mately 8 ft. and a width of 3 ft. 3 in., while the 
height, excluding the silencer, is 3 ft. 10} in. The 
ground clearance is 14 in. and the weight approxi- 
mately 3,000 lb. The speeds in the various gears 
are: 1-8 miles per hour in first gear, 2-85 miles per 
hour in second, and 5-85 miles per hour in third 
gear. 

The range of implements available for use with 
the tractor includes a toolbar frame fitted with 
seven cultivating tines, a three-furrow ridging set, a 
rotary cultivator and a two-furrow plough. The 
plough, which is known as the Tru-Trac is of parti- 
cular interest. Hitherto, a disadvantage of any 
crawler tractor has been the difficulty of ploughing 
a furrow of even width; as crawler tractors ride 
with both tracks on the land, the side-draught of 
the plough makes the tractor difficult to steer. 
The Tru-Trac plough, however, is attached directly 
to the rear of the tractor and the side draught is 
corrected automatically by a guide wheel which 
is integral with the frame of the plough and runs 
against the land side of the furrow in advance sf 
the leading plough share ; the guide wheel can be 
seen in operation in Fig. 25. The Tru-Trac plough 
can be supplied with either a semi-digger or general- 


“Sun ’’ Mecuanicat Cart; Sun Enorneerine (CRowxLE) Loren. 











| purpose body, and the depth of furrow is regulated 
| by a landwheel. 

As a general rule, mechanical transport on farms 
|comprises tractor-drawn trailers. During harvest 
| time, however, it is not always convenient to release 
a tractor for this purpose and the tendency is to 
produce mechanically-propelled vehicles designed 
in the first instance for general transport work on 
farms, but which can also perform some of the 
duties of a standard tractor. A vehicle of this type 
is illustrated in Fig. 26, on this page. It is known 
as the Sun mechanical cart and was being exhibited 
by the manufacturers, Sun Engineering (Crowle), 
Limited, Crowle, Scunthorpe, Lincolnshire. As will 
be seen from the illustration, it is a 3-wheeled vehicle 
with the single wheel at the front, an arrangement 
which gives good manoeuvrability and allows the 
vehicle to be driven between crop rows. It is 
fitted with a Ford 10-h.p. industrial engine and 
gearbox unit, the rear wheels being driven through 
a conventional transmission. It is steered through 
the single front wheel, but steering can be assisted 
by independently-applied brakes fitted to the 
rear wheels. The body has a capacity of approxi- 
mately two cubic yards and is pivoted about 
the weight-carrying axle for the rear wheels. The 
body is tipped through four pads fitted to the body, 
which are pressed against the inner side of the rear 
tyres and the vehicle reversed slowly. The body 
can be removed and the vehicle used subsequently 
for light cultivation and other duties. 

Although the tractor fulfils most of the power 
requirements of the average farm, it is often neces- 
sary for the farmer to use ancillary power units for 
such duties as pumping and electrical generation. 
'Many of the exhibits, therefore, were concerned 
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PETROL-PARAFFIN ENGINE ; COVENTRY 
Victok Motor Company, LriTep. 


with this aspect and the Coventry Victor Motor 
Company, Limited, Cox-street, Coventry, were 
showing a range of engines which included their 
N-type petrol-paraffn unit. This is illustrated 
in Fig. 27, on this page, from which it will be 


|seen that it is a two-cylinder horizontally-opposed 


air-cooled unit. The N-type engine can be supplied 
in four different sizes with outputs ranging from 
9 to over 16 brake horse-power; apart from the 
cylinder bore, however, the engines are identical. 
The cylinder barrels are manufactured from high- 
tensile cast iron, while the cylinder heads are of 
aluminium alloy. The pistons also are of aluminium 
alloy and are fitted with two compression and one 
oil-control ring. The connecting rods are 3 per cent. 
nickel-steel forgings and are fitted with white-metal 
lined big-end bearings and bronze-bush little ends, 
the gudgeon pin being of the fully-floating type. 
Side valves are fitted and these are operated in the 
usual manner through tappets, the camshaft being 
driven through helical gearing from the crankshaft. 
The crankshaft is a solid steel forging and is carried 
by two white-metal lined bearings. Oil is supplied 
under pressure from a gear-type pump to all bear- 
ings, the pump being fitted to the timing cover and 
driven from the camshaft. Ignition is by a B.T.-H. 
magneto provided with advance and retard mech- 
anism; alternatively, an impulse magneto can 
be fitted. As previously mentioned, the engine 
is air cooled but a water-cooled model can be 
supplied if required. 

There were, of course, many exhibits at the Show 
that we have been unable to mention. The ma- 
chines described have been selected mainly because 
they serve to illustrate present trends in the design 
of agricultural machinery. 
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100-KV ELECTRON MICROSCOPE. 


Fut details of the EM2 electron microscope, which 
was ne oe the Metropolitan-Vickers Electrical 
Company, Li ited, Trafford Park, Manchester, 17, 
and was the first British instrument of this t to be 
supplied for use in an industrial research ls ratory, 
have already been given in ENGINEERING, vol. 164, 
page 20 (1947). It may be recalled, however, that it 
consisted essentially of three components: the main 
tube, which was mounted on a cast-brass pedestal ; the 
contrel cubicle, 
connected to the pedestal by an armoured flexible cable 
and an oil-immersed 50-kV direct current set. Ro 
and oil diffusion pumps were also provided to maintain 
the necessary vacuum. Generally speaking, the micro- 
Scope was constructed so that i 
accessibility to the internal components; and it was 
designed to have a resolving power of less than 100 
Angstrom units and a direct magnification of 10,000 
diameters, or more. 

As a result of three years’ experience with this 
instrument, the Metropolitan-Vickers Electrical Com- 
pany have now designed a new pattern of electron 
microscope, EM3, which embodies some important 
modifications. To begin with, the incorporation of a 
second projector lens has enabled the size of the tube 
to be reduced compared with that in the earlier 
pattern. It has also allowed the magnification to be 
varied over a wide range without it being n to 
alter the focal length of the objective lens. In turn, 
this reduction in the size of the tube has resulted in 
greater rigidity and has enabled the evacuation time 
to be reduced to 2} minutes. In consequence, it has 
been ible to eliminate the air locks; and thus to 
ify the design of the specimen chamber and the 
i The decrease in the height of the 
microscope also enables the Operator to reach the 
controls without leaving his chair. 

The new electron gun, which is of the hot-cathode 
type, has been designed to provide beam currents 
15 times those given by the previous instrument. In 
consequence, direct electronic ification up to 
100,000 diameters can be employed, provided the speci- 
men under observation can withstand such intense 
electron bombardment. The windings for the magnetic 
lens are now outside, and not inside, the vacuum system; 
thus, it is claimed, improving the cooling and enabling 
more ampere-turns to be used in a given space. The 
electronic control circuits, which vide stabilised 
variable-current sources for each of the four lenses, are 
basically the same as those used on the earlier model. 
As, however, the objective lens works at a fixed focal 
length, it has been possible to stabilise the current for 
it to a much greater extent than or 

The equipment from which the power for operating 
the microscope is supplied, including the high-voltage 
constant-potential unit, is housed in a separate cubicle, 
primarily to avoid stray magnetic fields near the 
microscope. The high-voltage oil-immersed constant- 
potential unit is fed from a high-frequency source, 
& modification which has resulted in a great reduction 
in the overall size and weight. The output of the 
high-vol generator formi of this unit is 
stabilised a by @ feed-back caapllics, which controls the 
amplitude of the oscillator feeding the rectifier. Inte- 
gral with this high-vol generator is a low-voltage 
stabilised source of high- quency current from which 
the filament of the electron gun is supplied through a 
screened cable. 

Com: with the earlier instrument, simplifications 
been introduced into the pumping plant of 
microscope. This plant, which is manually 
Operated, consists of a rotary pump and a diffusion 
pump, the latter being connected to the manifold of the 
microscope through a valve. By arranging this valve 


on the high-vacuum side of the system, it is possible | Th 


for the microscope column to be opened to the atmos- 
sphere without switching off and cooling the diffusion 
pumps; and for air locks to be eliminated in the 
camera and specimen chamber. Valves are also 
provided so that the microscope can be connected 
directly to the rotary pumps to obtain a rough vacuum. 
To effect evacuation, both the rotary and oil-diffusion 
pumps can be operated together, as the former 
evacuates the microscope to 10-2 mm. of mercury in 
about 2 minutes, while the latter requires about 
15 minutes to reach the operating temperature; a 
lamp indicates when this temperature has been reached. 
The interlocks are then released so that the high- 
voltage and filament supplies can be switched on. 

As already stated, the illuminating system of the 
microscope is sufficiently intense for visual work at 
magnifications up to 100,000 diameters, while the speci- 
men stage is sufficiently stable for microphotographs to 
be taken at this magnification. Without changing the 
specimen holder, the magnification can be varied from 
1,000 to 100,000 diameters, the lower value being 
obtained relatively free from distortion owing to the 
presence of the double projector lens system. Provision 
is also made for obtaining stereoscopic micrographs. 


which was mounted on castors and was | di: 


there was maximum h 








LABOUR NOTES. 


THE views of the Engineering and Allied Employers’ 
National Federation, and the Shipbuilding Employers’ 
Federation, on the engineers’ and shipbuilders’ wage 
claims, have now been ascertained ’ Sir Robert 
Gould, the chief industrial commissioner of the Ministry 
of Labour and National Service. Sir Robert has also 
discussed the claims with representatives of the Con- 
federation of Shipbuilding and Engineering Unions, 
during the last few days. Arising out of these informal 
iscussions with both sides, the Minister of Labour and 
National Service, Mr. George Isaacs, has decided to 


tary | appoint two courts of inquiry to investigate the claims. 


The court to consider the engineers’ claims for a week] 
increase of 13s. will be set up immediately and the 
earing is expected to start about the middle of August. 
It is understood that the shipbuilders’ claims for a 


weekly increase of 15s. will be considered later. 





The Confederation of Shipbuilding and Engineering 
Unions, at their York conference on J uly 14, requested 
the establishment of these courts and demanded that 
they should be public. They also stipulated that the 
court dealing with the engineering claims should inquire 
into wage anomalies, and the whole question of profits, 
within the industry. Between 2,500,000 and 2,750,000 
engineers will receive at least 13s. more weekly if the 
increases are granted, at a cost to the industry of 
about 80 to 90 million pounds annually. Some 200,000 
shipbuilders and repairers, including 50,000 in Scotland, 
are involved in the shipbuilding claims, the annual 
cost of which is estimated to amount to a charge on 
that industry of about 10 million pounds. 


ne 


The Mini of Labour and National Service 
official indie tie of retail prices for “all items ” 
rose by two points, during the four weeks ending 
June 15, to the new high level of 110, after remaining 
at 108 since April 13. The index measures changes 
in the average level of retail prices, in the United 
Kingdom, of services and commodities in general use, 
including food, alcohol, tobacco and rent; the level 
on June 17, 1947, when the index started being taken 
as 100. The cost of living has thus risen by 10 per 
cent. in twelve months in spite of the food subsidies 
now amounting to 470 million pounds a year, and the 
Government’s efforts to check the upward trend of 
prices. The present rise in the index igure will mean 
Increases for large numbers of employees whose wages 
are pegged to the index. 





The cost-of-living index figures of retail prices, 
issued by the United States Bureau of Labor Statistics, 
show a similar upward trend. An increase of 9-3 per 
cent. was recorded for the twelve months ending June 
15, when the index stood at 171-7 per cent. of the 1935- 
39 average level of prices. Most price controls in the 
United States were abolished in June, 1946, and the 
current figure shows also an increase of 28-8 per cent. 
since that date. Retail food prices alone rose by 
1-5 per cent. between May 15 and June 15; and the 
increase of wholesale prices during early July will render 
a further rise in the cost-of-living index figure inevitable. 
The index is calculated on the same general principles 
as our Ministry of Labour index, being based on the 
average cost of a wide range of goods and services 
purchased by city dwellers of moderate income. 





The National Coal Board has authority, under the 
Coal Industry Nationalisation Act, to grant licences 
vo enable small mines, employing not more than thirty 
persons underground, to continue as private enterprises. 
ere are some 480 small mines of this description 
throughout the country, with an annual production 
exceeding two million tons. Since the nationalisation 
of the mines, they have been working under temporary 
licences, granted by the Coal Board, which expire on 
December 31 next. Representations have now been 
made to the Board by the Federation of Small Mines 
of Great Britain, which exists to Sponsor the interests 
of the small mines, as to the conditions on which new 
licences should be issued in January next. The Board 
have undertaken to consider the Federation’s sub- 
missions and to arrange for further discussion at a 
later date. 


Mr. Arthur Deakin, general secretary of the Trans- 
port and General Workers’ Union, writing in the 
July issue of the union’s Record, on the unofficial dock 
strike, says, “Let us make no mistake about this 
strike. It was a tragedy, inflicting suffering upon our 
own people, and injuring the Government we put into 
power. It has weakened the union’s authority, and 
has rendered more difficult its task of making dockland a 
decent place. Has it done any good at all? At first 
sight, none. The modification of the original penalty, 
and the proposals for the review of machinery, could 


y disciplinary code. 








have been brought-about without the loss of an hour’s 
work. But perhaps something of value may yet come 
of it, if every member of this union, lay and official, 
new and old, will take it as a warning.” 


— 


each of his readers to “ make 
: to understand and use his union 
machinery and the agreed rules under which he works ; 
to attend his branch meetings ; and to use the constitu. 
tional machinery whenever difficulties arise.” A 
national delegate conference of dockers has been 
summoned by the Transport and General Workers’ 
Union and associated unions, to review various aspects 
of the dock labour scheme and, in particular, the 
The conference will meet in London, 
its calling fulfils the promise made 
the Albert Hall meeting, when the 
strike was at its height, that the scheme should be 
fully examined. Since then, the working of the 
scheme has been discussed at ports throughout the 
country. The conference next month will consider 
what modifications, if any, are needed. 


on August 20, and 
by Mr. Deakin at 





The imperative need for self-discipline among the 
rank and file of the trade-union movement was stressed 
by Miss Florence Hancock, chairman of the Trades 
Union Congress, during her address to the Conference 
of the Amalgamated Union of Building Trade Workers, 
at Eastbourne, on July 22. Warning the delegates 
against unofficial groups who sought to stir up trouble, 
she said that one of the most important principles of 
the movement was that all its members, men and 
women, should stand four-square for constitutional 
procedure within their own ranks. Unless this were 
done, there was a danger that their great unions, 
and all they represented, would be destroyed. Miss 
Hancock said that they had not fought for a hundred 
years to build up their union to see it perish because 
of a few people who were anxious to get some political 
kudos out of it ; but many efforts were being made by 
unofficial bodies to break discipline and create disorder 
in their ranks. 





Miss Hancock commended the decision of the 
executives’ conference of the Trades Union Co on 
profits, wages and prices, saying that it was a decision 
of which they could all be proud. Given certain condi- 
tions, the decision of the conference not to press 
forward with general applications for wage increases 
marked a turning point in the fight for economic 
recovery. As trade unionists, it was the job of them 
all to maintain the country’s economic stability, for 
their welfare as working people was bound up with the 
welfare of the country as a whole. If, because of 
economic instability, "Britain lost her position as a 
great nation in the world, the first to suffer would be 
the working people. 


The Conference discussed various matters of interest 
to the building trades. A complaint was made that 
trade apprentices were prevented from becoming 
competent workmen by employers who did not work 
the national a prenticeship scheme. The general 
secretary, Sir Luke Fawcett, said that adequate 
facilities for the training of youths were lacking, but 
the Government were being urged to provide further 
opportunities for technical education. It was alleged 
that the introduction of Polish workmen had been 
followed by the dismissal of their British colleagues. 
Sir Luke promised that full investigations should be 
made into these criticisms. A resolution asking for a 
five-day week without loss of pay was approved, as was 
a resolution drawing attention to the position of trainees, 
many of whom, it stated, faced continued unemploy- 
ment. The union celebrated its centenary last week. 





RaILway WaGon CONVERSIONS.—Owing to the in- 
creased production of the iron and steel industry, British 
Railways have had to carry more coke; 25 mineral 
wagons (formerly privately owned) are therefore being 
fitted with bottom-door hoppers to facilitate rapid 
discharge, and with top rails to increase their capacities. 
Forty wagons sre also being converted to carry large 
Tolled-steel plates, as it is stated that some iron and steel 
firms are now rolling larger plates than hitherto, and the 
capacity of the erdinary plate wagons is insufficient. 





MACHINE TOOLS.—Messrs. Craven Brothers (Man- 
chester), Limited, Vauxhall Works, Reddish, Stockport, 
inform ~s that, as they are not exhibiting at the forth- 
coming Machine Tool and Engineering Exhibition, they 
will welcome visitors to their works during the period 
August 26 to September 11, to see demonstrations of 
some of their machine tools. There will be large lathes, 
a boring and turning mill, worm-thread milling and grind- 
ing machines, a gear-hobbing machine, and several special 
railway machine tools. Visitors are also invited to 
make a tour of the works. 
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STEEL CASTING-PIT PRACTICE 
AND INGOT DEFECTS.* 
By R. N. Duncan. 


In various publications the question of steel-ingot 
defects is examined generally from a theoretical point of 
view, such factors as teeming speed and temperature, 
and hot strength of steel at high temperatures being 
taken into consideration. This paper is an endeavour 
to present the more practica] points and perhaps explain 
some of the apparent contradictions. Tt will consider 
in turn, the ladle, the ingot mould, teeming speed and 
teeming, and stripping. It must be stated that although 
not all the defects arise in the casting pit, better work- 
manship and a clearer understanding of what happens 
in the casting pit will reduce the number of defects. 

Many papers have been written on the right type of 
brick to use for lining the ladle and on the effect on the 
steel by the erosion of the ladle lining, etc., but very 
little has been said about that most difficult operation, 
drying the ladle thoroughly. Yet metallurgists know 
that moisture is a source of ingot defects. In acid 
open-hearth practice with a ladle life of 45 charges or so 
it is bad enough, but in the basic open-hearth and basic 
electric practice it must be more troublesome since a 
newly-bricked ladle is a much more frequent occurrence. 
The ladle is lined with one or more courses of firebrick 
bedded in fireclay or ganister, and if the bricklayer uses 
this wet, and, in addition, does not make almost brick- 
to-brick joints, it is extremely difficult to get rid of the 
moisture. Some plants use only coal or coke fires in the 
bottom of the ladle for drying, others use gas of one 
kind or another, but no matter how efficient the 
generation of the heat, it is extremely difficult to get this 
heat to drive off all the moisture. 

One of the main reasons for the use of firebrick as a 
ladle lining is its low thermal conductivity. It is our 
common experience that the drop in temperature from 
tapping the furnace to the commencement of teeming is 
only about 50 deg. C., and thereafter a drop in tempera- 
ture of less than 1 deg. C. per minute during teeming. 
It is because of this that we can use a 3-in. magnesite 
nozzle to teem a 65-ton charge with a total teeming time 
of 90 minutes or more. Also for our stee] foundry the 
metal is tapped into the ladle and taken for a train 
journey of up to 45 minutes before teeming is com- 
menced. We have done this for over two years without 
a single mishap, not because the metal was hot (immer- 
sion temperature 1,590 deg. to 1,619 deg. C.), or the 
ladle was hot but because the ladle was dry. If the 
metal is dull or sticky, either the charge was out of 
condition when tapped or the ladle was damp. 

The very low thermal conductivity which allows us to 
do all this is the very thing which presents difficulties 
when it comes to drying the ladle thoroughly. It isa 
common experience, if the bricklayer has been at all 
neglectful, to see steam coming from the vent holes of 
the ladle casing during the teeming of the third or even 
the fourth charge after re-bricking. All that happens, 
even when a very efficient burner is used inside the 
ladle to do the drying, is that the moisture is driven 
against the steel plates of the casing where it condenses 
because the low thermal conductivity of the fire- 
brick prevents the heat from penetrating to the 
metal casing. The ideal method for drying the ladle 
would be in a drying stove, but in addition to the 
difficulty of the size of the stove and the handling, the 
metal casing, and particularly the trunnions, would not 
stand up to what would be, in effect, repeated low- 
temperature annealing. The more practical method is 
to reduce the amount of moisture during the relining. 
Our method is illustrated in Fig. 1, on this page. A 
backing of l-in. or 14-in. “ splits” is laid against the 
ladle casing using the very mininium of bedding 
material. This is dried out by means of a multi- 
nozzled burner consuming town’s gas, as shown in Fig. 1 
and the norma] ladle lining built on it with the minimum 
of jointing material. When the lining has to be replaced, 
the backing of l-in. or 1}-in. splits is not disturbed. 
If it must be disturbed, then it is replaced and dried out 
before the lining is built in. 

It should also be stated that the usual tall and 
narrow shape of ladle is very much against proper 
teeming conditions. It is well known that there is a 
proper teeming speed for each composition for each 
size of ingot. If this is not met, then defects arise. 
Thus with a ladle which is tall and narrow, the head of 
pressure varies very considerably from the beginning 
to the end of teeming and, in consequence, the rate of 
flow through the nozzle varies. This is bad enough in 
small ingots, with the wide end down, but in our own 
case using large ingots and where the whole charge of 
65 to 80 tons may go into one mould having the wide 
end up, it is a very serious consideration. Thus a 
difficult compromise has to be made when choosing the 
nozzle size, to allow for the decreasing drop in head of 
pressure with the increasing diameter of the mould 





* Paper read before the West of Scotland Iron 
and Steel Institute, Glasgow, on Friday, March 19, 1948. 
Abridged. 
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being filled. We also make small ingots and it is our 
experience that when making, say, 2-ton ingots, very 
much better results are obtained when the steel for 
these is made in a small furnace and teemed from small 
wide squat ladles. It is suggested that the ladle should 
be made of such a diameter that a reasonable slag 
covering will just prevent the formation of a skull] on 
the top of the metal. 

Much has been written and said on the various 
aspects of ingot moulds, such as design or general shape, 
taper, wall thickness, mould-weight to ingot-weight 
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ratio, mould dressing, and composition of mould iron. 
So far as general design or shape is concerned, namely, 
square, rectangular, round, octagonal, etc., this must be 
decided empirically having in view the subsequent work 
on the ingot and the product to be made. It should 
always be remembered, however, that it is not necessarily 
good practice to get the casting pit to do work which 
should be done at the mill or the forge. For example, 
we are asked to cast forging ingots in dead-killed steel 
in which the length of the ingot is four times the 
diameter. Except in very small diameters it is almost 
impossible to cast a sound ingot of these dimensions, 
and it is our experience that if the diameter is 25 in. or 
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more, then the length should not exceed 14 to 1} times 
the diameter. 

Ingot moulds fail in use for two main reasons, 
namely, major cracking and crazing. At present there 
is a sub-committee of the British Iron and Steel 
Research Association studying these problems and 
a large amount of information has been collected. 
At the Parkhead Works of Messrs. William Beardmore 
and Company, Limited, some years ago, it was noticed 
that if a hematite mould cracked early in its life, this 
crack appeared to relieve all] the stresses which had been 
the cause of the crack, in the same way that a“ clink” 
relieves the stresses in a steel bloom. If the cracked 
mould could be held together by binding straps or other 
means, the mould could continue in use, and eventually 
would be scrapped because of crazing after a normal life. 
From this experience was created our “ built-up” 
mould, which, in effect, is a mould with the cracks placed 
so that they cause the minimum of trouble. Over a 
period of ten years all our slab moulds from 10 tons to 
110 tons have been made in this way, and in not one 
case has a built-up mould, or part of a built-up 
mould, cracked. Fig. 2 shows the general lines of 
the parts and fitting for a 104-ton ingot mould. This 
is, in fact, a steel mould, the cast-on lugs of which are 
strong enough to hold the four pieces together without 
the use of binding straps. Fig. 3 shows the pes of the 
same mould, and Fig. 4 shows the detail of the joint, 
which is made in such a way that the four pieces can 
accommodate one another as the strains are imposed. 
A measure of the strain set up is illustrated by the fact 
that when the first batch of 17-ton steel moulds were 
made up, a 2-in. bolt was used, this being the size used 
for the 10}-ton mould, but the strain on the bolt was 
such that, after being used only once or twice, the 
threads were completely stripped. A 24-in. bolt put 
the matter right. 

Having solved the problem of major cracking we were 
still discarding moulds for crazing. When one of our 
large moulds, which had been scrapped for crazing, was 
broken up it was observed that the crazing penetrated to 
a depth of less than lin. Since the mould was made up 
from four flat slabs it was easy to dismantle it and have 
the crazed surface machined off. With moulds of 
normal] thickness this machining can be done at least 
twice. The machined face gives just as good service as 
the original. While this method overcame the crazing 
trouble it did not deal with its cause: It was conceived 
that the crazing was due to the graphite of the hematite 
iron being burned out, and that in order to do away 
with the crazing, some materia] other than hematite 
iron would have to be used for making moulds. The 
natural choice, of course, was steel, but it was remem- 
bered that experiments with steel moulds made fifteen 
years ago had been a failure owing to the difficulty 
experienced when trying to strip the ingot hot, the 
ingot was not welded to the mould but it could not be 
separated until it was almost cold. It appeared that 
the same stresses which caused the iron mould to crack, 
distorted the steel mould when it was hot. As the “ built- 
up ”’ system was so successful in relieving the stresses 
set up in an iron mould, we tried the same system in 
steel and it has proved completely successful. One of 
the first half dozen 104-ton moulds, measuring 30 in. by 
36 in., has been used 260 times and it is as as new. 
We have used it for semi-killed steels, killed carbon 
steels, nickel-chromium-molybdenum-vanadium steels 
and 3$ per cent. chromium-molybdenum steels. In 
every case it has been satisfactory. The composition of 
the steel used for making the moulds is carbon 0-15 per 
cent., and manganese 1-25 per cent. 

At the Parkhead Works no mould dressings are used 
because of the very varying results obtained when 
dressings were employed. It is a difficult operation to 
clean the inside surface of a mould and cover it evenly 
with any type of dressing. We use an iron or steel 
mould to give a chilled ingot, and if we coat the inside 
face of this mould with anything we alter the chill effect 
to some extent. If the coating is uneven, it introduces 
a further complication. When we coated the inside of 
the moulds with anhydrous tar or similar material, and 
stripped the ingot cold, there was a deposit of carbon of 
varying thickness on the surface of the ingot. "When we 
coated the surface of the mould with “ blacklead” a 
cold ingot showed so much “ ganister-like ” material on 
the surface that we had the “ blacklead ” analysed and 
found it to contain 40 per cent. ofash. It is not easy to 
get the workmen in the casting pit to realise the great 
difference which a coating can make on the uniform 
cooling of the ingot. To give a perfect mould wall and 
a perfect ingot surface, we have the inside face of the 
mould shot-blasted. This not only removes the 
adhering “splutter” from the previous ingot but 
leaves on the face of the mould a very fine even layer of 
graphite emanating from the graphite of the mould. 
An ingot from a hematite mould which has been sand 
blasted has a skin like velvet. One other thing, if an 
ingot mould has become wet, or a water mixture has 
been used as a mould dressing, it is very difficult to get rid 
of this moisture owing to the porous nature of the iron, 
and again we have defects arising from moisture. 
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It is widely held that cracks are caused through the 
inability of the initially-formed and weak skin of the 
ingot to withstand the stresses-set up by the various 
factors involved either during or shortly after teeming. 
There is very much more in this than appears at first. 
It is known that if the teeming speed is not right, 
defects occur aad it is not an easy task to make all the 
conditions so regular that one can be sure that the 
teeming speed is right ; but there is much more to it 
than just teeming It is also known that a 
splash can be the source of a defect. From our 
experience we know that, under the splash, there is also a 
patch of non-metallic materials, so we instruct the 
teemer to take care when opening the stopper that 
there will be no sudden rush of metal to make a splash. 
Most ingots are cast on a flat bottom plate which takes 
some time to be flooded, and a slowing up at the 
opening thus lengthens this time of flooding. This, in 
turn, results in the whole of the bottom becoming in 
fact one large splash, which may be almost solid and is 
certainly seriously oxidised. This semi-solid oxidised 
material, owing to the turbulent action of the stream 
of metal, is then mixed throughout the ingot. This 
manual control of the opening of the nozzle, freezing of 
steel on the bottom and its subsequent mixing in the 
ingot are all very variable, and the result may be 
anything from a solid piece of skull to a scatter of small 
non-metallic inclusions in the ingot. All our forging 
ingots are cast on a bottom of such a shape that a 
pool of metal is formed very quickly. This, which is 
shown in Fig. 5, on page 117, prevencs the initial splash 
and the sides of the bottom are sloped in such a manner 
that the gradual increase in diameter is never more than 
the teeming speed can control. This, of course, 
increases the amount of bottom-end discard, and has 
not been successfully applied to rolling ingots. 

Even when the splash on the bottom and the side are 
controlled, the operation of teeming creates turbulence 
in the pe Me the ingot during the time of filling. 
At the Parkhead Works when an ingot of 20 tons or 
upwards is being cast, it is observed that immediately 
the bottom is covered with metal, this metal has a 

tch of black looking scum floating on the surface. 

ing the time of filling the mould, this scum appears 
to be spread up the side and can actually be seen on the 
surface of the cold ingot. It never appears to get any 
less. The usual explanation of this is that it is due to a 
dirty mould or to erosion of the nozzle, but it is present 
even when the mould has been cleaned with a vacuum 
cleaner, and, at the commencement of teeming, there is 
no erosion of the nozzle. The analysis of this scum 
shows it to be essentially a manganese silicate, and it is 
suggested that it is formed as a result of oxidation 
caused by the turbulence during teeming. own 
method of overcoming this is to fill the mould with 
nitrogen just before commencing teeming and to do the 
teeming through a hole in a cover which fits snugly on 
the top of the headbox, thus excluding any air which 
would cause oxidation. Unfortunately there are difficul- 
ties in this practice which will be referred to later. 

It must be emphasised that it is a difficult operation 
to teem an ingot properly even with a nozzle of the right 
size. The art, for it is an , is to direct the stream 
from the ladle in such a er that the metal flows 
evenly across the surface and so builds up an ingot 
having a chill skin of even thickness all round. If the 
chill skin is uneven in thickness then defects develop 
during subsequent cooling or working. The difficulties 
in teeming are due to one or two factors which are not 
usually given the thought and care that they deserve. 
In spite of experiments, nozzles are still made from 
refractory materials which are irregular in their resistance 
to erosion, and this statement applies to magnesites as 
well as to fireclay. ing to this irre; wearing of 
the nozzle, constant watch has to be kept during the 
whole of the time of teeming, and skill employed so that 
the flow is maintained evenly across the surface. Also 
it is not an easy task to fit the nozzle in the ladle so 
that, when the latter is filled and hanging from the 
crane, the stream will be perpendicular ; nor to ensure 
that all the moulds are set perpendicular to receive the 
stream. If the stream enters the mould av an angle, or 
the flow is towards one side, the skin of the ingot at that 
side will be much thinner than on the opposite side. 
Moreover, any scum which is formed will collect in the 
corners of the slowly: filled side. We have had an 
extreme case of a forging showing cracks down one side 
due to a thin-skinned ingot, and non-metallic inclusions 
down the opposite side owing to the scum being trapped 
in the metal which was quite sluggish. It is during 
teeming that the experienced man can tell whether the 
charge has been of good quality or not. A charge which 
is good, has a cream-like appearance, distinct from the 
watery look of a poorer quality charge. From this 
point of view it is a most valuable experience for the 
steelmaker to see the ingots teemed, or even to be 
—— for the teeming. 

xperience shows that ingot defects can arise if a 
stripping-temperature chart is not followed. Our own 
practice is to try and strip each ingot at such a time 
that it will be out of the mould and into a furnace 





before the temperature of the ingot has fallen below 
600 deg. C., but this is not so easy as it might appear. 
With ingots of say 2 or 3 tons without hot tops, and 
where the length is not greater than 1} times the 
diameter, speed of handling is the main problem, but 
where the ingot is longer than this, the cooling from the 
bottom is such that there is considerable difference in 
temperature between the top of the imgot and the 
bottom, and this is much magnified when a hot top is 
used. All our ingots have hot tops, and by the time it is 
safe to lift off the hot top without tearing off the top of 
the ingot, the bottom third of the ingot is very con- 
siderably colder than the top third. In fact, when the 
hot top is taken off, the meta] there is incandescent, 
the temperature oeing, say, 1,000 deg. to 1,200 deg. C., 
while the bottom is not much more than 600 deg. C., 
and the more efficient the hot-top arrangements the 
greater the difference. At one time, a large number of 
6-ton 25-in. octagonal ingots were developing very 
bad surface defects under the press. This was remedied 
by reducing the thickness of the refractory lining of the 
hot top. The difficulty is to arrive at the best com- 
promise between the effectiveness of the hot top, that is 
the time the hot top should be kept at the maximum 
temperature to allow for the maximum “ feeding ” of 
the ingot, and the cooling effect at the bottom of the 
ingot. Another interesting observation is that if the 
ingot, even if of carbon steel of 0-15 per cenc., is not to 
be stripped hot and charged into a reheating furnace, 
then, if ingot defects are to be avoided, the ingot must 
be allowed to remain in the mould until it has cooled 
down to a temperature of at least 80 deg. C. It is 
suggested that'the volume change at about 600 deg. C. is 
critical, and that this is one of the prolific sources of 
ingot defects, particularly when the quality of the 
steel has not been the best, or if the teeming has not 
been all it might have been. 








THE “ BREEZE ’’ SYSTEM OF 
ELECTRIC WIRING. 


THE system of electric wiring devised by the Breeze 
Corporation, of Newark, N.J., has been developed in 
this country by the Plessy Company, Limited, Ilford, | 
Essex, for use on military aircraft and vehicles and 
similar service equipment where reliability, accessibility 
and speed in erection were vital. It is now being) 
employed on civilian aircraft and vehicles, as well as ina 
number of other applications. Essentially the system 
consists of a combination of —_ plugs and sockets | 
by means of which sections of pre-formed wiring can be | 
readily assembled and subsequently detached, if neces- 
sary, for maintenance purposes. Alternatively, by the 
use of special ferrules connections may be run from 
junction boxes, motor terminals and test gear. A 
special feature of the system is that every terminal pin, 
socket and connection is labelled, thus facilitating the 
tracing of a circuit, enaoling the time taken wo clear 
faults to be reduced and preventing wrong connections 
from being made. 

In the standard plugs and sockets, which were) 
originally designed for direct-current systems, the pins 
are @ so that it seems to be impossible for 
them to be mismated. The sockets are fully floating 
within their housings, so that the contact pressure 
is evenly balanced. Disconnection is effected simply 
by loosening a coupling nut, when the socket housing 
can be unscrewed from che plug shell. The housings 
themselves are obtainable in aluminium, brass and 
steel. Climatic and fireproof types are also made, 
the latter being capable of maintaining continuity at a 
temperature of 800 deg. C. for at least five minutes. In 
addition, pressurised bulkhead plugs for use on the 
cabin walls of aircraft, where pressures up to 15 lb. per 
square inch may be encountered, form part of the range. 
All the contacts are of silver-plated brass and .he 
pins, which may be either fixed or loose, are held in 
mouldings of insulating material. To increase the 
cree path, these mouldings are designed so that 
the pins stand either on a small pillar or in a cavity 
formed by a series of ridges. On the climatic, fire- 
proof and pressurised plugs, crimped solderless con- 
nections are used, to make which a special tool with 
four interchangeable dies is provided. On the standard 
plugs, the cables are soldered directly to the ends of the 
pins. No special tools are required for dismantling, 
since it is only nece to remove a “ Circlip ” from 
the socket housing to enable the moulding to be 
withdrawn. 








INSTITUTE OF TRANSPORT.—The undermentioned have 
been elected ordinary members of the Council of the 
Institute of Transport and will take office on October 1: 
Sir Alan J. Cobham, K.B.E., A.F.C., Mr. R. G. Grout, Mr. 
R. H. Hacker, Mr. R. G. James, Mr. A. G. Marsden, 
C.B.E., Mr. Donald Murray, Mr. G. F. Sinclair, C.B.E., 
Mr. P. J. R. Tapp, C.B.E., M.C., and Mr. J. V. Wood. 
Mr. Ernest Havers has been elected to serve on the 





Council as an associate member. 


EXTRACTOR FOR BROKEN TAPS. 


OnE of the most troublesome jobs in a machine shop 
is the removal of a tap or drill from a hole in which it 
has broken. Not only is the operation tedious, but 
there is considerable risk of damaging the work if the 
usual methods are employed. To remedy this, Messrs, 
E. H. Jones, Limited, Edgware-road The Hyde, 
London, N.W.9, have put on the market an electric 
machine, known as the Monaco tap extractor, which 
has been designed to reduce the task to a simple 
operation which leaves the hole undamaged. A 
m cameras of the machine is reproduced on this page. 

The extractor operates by burning away the core of the 
broken cap or drill by means of an electric arc formed 
between an electrode and the fragment, so that at the 
conclusion of the burning operation the laads fall 
inwards, leaving che threads or bore undamaged. The 
component is cooled, and thereby protected from 
damage due to the arc, by a continuous stream of water 
which flows through the electrode. As will be seen 
from the illustration, the machine incorporates a sub- 
stantial base, which contains a transformer, centrifugal 
water pump and switches, and forms, on one side, a tank 
for the cooling water. On the same side, a column 
carries a work bracket and the electrode arm, both of 
which are adjustable for height. The electrode mechan- 
ism at the end of the arm comprises a sleeve which may 
be moved up or down to adjust the height of the elec- 











trode above the work ; a spindle, to which the electrode 
is attached, and which is fitted in insulated bushes in the 
sleeve; and a magnet which is arranged to attract 
the spindle. In use, when the electrode touches the 
tap or drill, a heavy current flows in the secondary 
winding of the transformer, and this energises the 
magnet, which withdraws the spindle and electrode ; 
an arc is thereby formed, but almost immediately the 
electrode falls again and wouches the work. The 
repeated making and breaking causes arcing which 
gradually burns away the core of the tap or drill. 

The conductor for the current, and the pipe for the 
water are made in one, as a flexible pipe. A component 
may be clamped to the upper or lower side of the work 
rest, or, in the case of large jobs, the column assembly 
may be removed and fastened to the work by the 
bracket. The machine is provided with connections to 
suit 200-, 230- or 250-volt single-phase current at 
50 to 100 cycles. Several sizes of electrodes, from 

in. to } in. diameter, are provided, and an elec- 
trode slightly larger than the core of the broken tap or 
drill is used. The machine is 33 in. high, and the base is 
274 in. by 18} in.; the electrode is 10 in. from the 
centre of the column, and the table is 154 in. by 14 in. 
The weight of the machine is approximately 2 cwts. 
The speed of penetration is determined by the nature of 
the material and the diameter of the electrode. Typical 
results obtained on high-speed steel were: 9 minutes 
for penetrating to a depth of ~ in. with a } in. electrode, 
and 24 minutes for penetrating $ in. with a #-in. 
electrode. 
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OIL RESERVES OF THE WORLD.* 
By Dr. G. M. Lezs, F.R.S. 


THE vitally important problem of the extent and 
duration of the oil reserves of the world has been 
the subject of so many conflicting statements, both 
by experts and by technical journalists, that it must be 
difficult for an outside observer to know what 
to believe. The confusion arises largely through 
“proved” reserves being taken as synonymous with 
total reserves. The former is capable of measurement, 
even if not exactly, whereas the latter depends on the 
hazards of future discovery, and estimates can only 
be based on general opinions and, to some extent, on 
past experience. The oil reserves of the world also 
depend, in some measure, on the economics of oil-win- 
ning. A high price for crude oil will make it possible 
for some marginal fields to produce profitably and will 
also extend the life of old fields in their final or “‘ strip- 
per’ stage, whereas low prices will have a contrary 
effect. 

An analogy with coal estimates might be made. In 
1904, the Royal Commission on the coal reserves of 
Great Britain reported that these represented about 
500 years’ supply at the then rate of production; yet 
the recent survey of the position has reduced this 
estimate to something between one and two hundred 
years. The reasons are various, but a large factor is 
that, in 1904, it was profitable to mine coal seams of 
only 1 ft. in thickness, whereas at present only seams 
of greater thickness than 2 ft. are considered as 
economic assets. As with oil, only known or inferred 
reserves were calculated and no figure was given for 
possible new discoveries; yet surely there are still 
substantial prospects of discovery of new coalfields in 
this country. 

Oil reserves have a curious distribution throughout 
the world. Small oilfields are not so uncommon, but 
major oil reserves are limited to very few areas. In 
1947, 92-5 per cent. of the total production of the world 
came from eight countries—the United States, Vene- 
zuela, Russia, Iran, Saudi Arabia, Iraq, Mexico and 
Roumania, and the remaining 7:5 per cent. was 
divided among 33 other countries. The United States 
has hitherto played a dominant part in the oil world ; 
in 1947, it produced 62 per cent. of the world’s total 
and it has produced 63-9 per cent. of the cumulative 
total to date. 

Much doubt has recently been expressed on the 
adequacy of the reserves of the United States for main- 
taining the present high rate of off-take and the 
anticipated increase in demand in the years to come. 
The “ proved ” reserves of the States were estimated 
to be 20,873 million barrelst in 1947, or 11-7 years’ life 


at the production rate of 1,853 million barrels in 1947 ; | 1 


yet new discovery during the year more than offset the 
year’s production and 845 million barrels were added 
to the known reserves. No firm estimate can be given 
of the unproved reserve except in very general terms. 
Enough is known of the geological circumstances for it 
to be said quite definitely that what still remains to 
be discovered will be substantially less than the total 
of past production plus the present proved reserves, 
which together amount to 58,143 million barrels. If 
half as much as this still remains to be discovered, the 
combined proved and possible reserves would only equal 
about 27 years’ vane at the present rate, or less if 
production were to increase at its present rate from 
year to year. The total reserves of the United States 
are unquestionably so limited that it is reasonable that 
a nation whose way of life is so inextricably bound up 
with ample and cheap petroleum resources should be 
importantly concerned with its future position. 

e maintenance of supply to the United States will 
probably be by a combination of the following factors : 
import of oil from foreign sources; conversion of 
natural gas to liquid petroleum products; secondary 
recovery of exhausted oilfields and mining of oil sands ; 
oil from coal; and oil from oil shale. The last four of 
these possibilities could maintain petroleum supplies 
for as many hundred years into the future as it is 
possible to consider at the moment, but they can only 
be brought into operation when the price of petroleum 
products increases well above its present relation to 
the cost of labour. For some years to come, the differ- 
ence between United States demand and capacity to 
produce will be met by imports from foreign sources. 

Parallel with this expected dependence of the United 
States on foreign oil sources there will undoubtably be 
a greatly increased demand from other countries of the 
world for oil products of all sorts to meet increasing 
mechanisation and improving standards of life. Can 
oil reserves of sufficient magnitude be discovered and 
production maintained to meet such a demand? No 
other country in the world has been so intensively 





* Address given to the Fuel Luncheon Club at the 
Connaught Rooms, London, W.C.2, on April 20, 1948. 
Abridged. 

t Seven barrels equal 1 ton, approximately. The 
figures given are quoted from World Oil, February, 1948. 





explored and, doubtless, many surprises lie in store, 
but distribution of the major oilfield regions throughout 
the world is already fairly well established. 

Venezuela is now the largest supplier of oil outside 
the United States and there is still scope for many new 
discoveries of importance, both in new areas and at 
deeper levels in the older areas. In 1947, the produc- 
tion of Venezuela was increased by 12 per cent. over 
1946, to a total of 435 million barrels, and probably the 
current year will see a further increase. As the proved 
reserves are conservatively estimated at 20 years’ 
supply at the present rate, the total is probably twice 
this or more. The Soviet Union is the next largest 

roducer, estimated at 172 million barrels in 1947. 

nquestionably this immense country has oil reserves, 
but their discovery and development has been greatly 
retarded by insufficiency of mechanical equipment. 
The great bulk of oil is produced from a large number 
of individual wells and a considerable engineering effort 
is required to maintain, let alone increase, a large 
production. In the United States at present, the daily 
yield of 5 million barrels is obtained from 428,522 oil- 
wells, or an average of less than 12 barrels per well 
per day; 391,000 of these wells are pumpers or on 
air or gas lift, and the maintenance effort is substantial. 
In 1947, 33,646 new wells were drilled, employing at 
the year-end 4,901 drilling rigs. It has been estimated 
recently that the oil industry of the United States, in 
all its activities, requires about 15 million tons of steel 
per year. 

The present production rate of the Soviet Union is 
estimated at about 471,000 barrels per day, or 24 mil- 
lion tons per year, and, as this is just under 10 per cent. 
of the United States production, the engineering effort 
required must be approximately in the same proportion. 
The Soviet five-year plan envisages an increase of pro- 
duction to double the present rate, and the extent to 
which this will be possible depends on the availabilit 

steel, mechanical means and skilled personnel. 
Without doubt, there is oil in the ground to meet this 
demand without undue strain. 

The Middle East countries—Iran, Saudi Arabia and 
Traq—come next in the list of producing states, and in 
1948 Kuwait will probably equal or perhaps rank higher 
than Iraq. The figures for 1947 production for the 
Middle East countries are given in the table, herewith. 


Oil Production in the Middle East, 1947. 




















Pro- Daily Per cent. | Per cent. 
duction Average Differ- of 
= in 1947, |Production ence, World’s 
Barrels. Barrels. 1946-47. Total. 
ran .. .-| 152,684,000 | 418,312 + 4-1 5-11 
Saudi Arabia 89,079,000 | 244,052 + 48-6 | 2-98 
Iraq .. ..| 31,834,000 | 87,217 | — 10-7 1-07 
Kuwait 17,850,000 48,904 +201-0 0-6 
Bahrein 8,998,000 24,652 + 12-3 0-16 
Total ..| 300,445,000 | 828,137 | + 17°38 4-44 
} 








The Middle East oil province differs importantly from 
any oilfield region elsewhere. By an exceptionally 
favourable conjunction of all the geological factors 
which control the accumulation of oil in underground 
reservoirs, the oilfields are of unusual size and produc- 
tivity. The yield per well is many hundred times the 
world average, and all wells flow with natural pressure, 
thereby obviating the necessity and additional effort 
of artificial lift. consequence, the engineering effort 
required to produce oil from the ground in the Middle 
East is small compared with almost any other produc- 
ing region, but in the past this great advantage has been 
largely offset by: unfavourable geographical position 
relative to the important markets of the world. The 
tanker haul from the Persian Gulf around the Arabian 

ninsula, combined with high Suez Canal dues, has 
en one great handicap, and the rather intractable 
quality of the crude oil for manufacture of high-quality 
=. has been another, though the latter is no 
onger a problem, thanks to important new advances 
in refinery technique. | 

The early development in the Middle East, that is, in 
Iran and Iraq, was pioneered by the British Anglo- 
Iranian Oil Company, but, as the importance of this 
great oil reserve to the world as a whole has become 
apparent, companies of other nations have acquired 
interests. French and American companies share with 
two British companies control of the Iraq Petroleum 
Company, American companies have gained concessions 
in Saudi Arabia and Bahrein, and an American com- 
pany is a partner with the Anglo-Iranian Oil Company 
in the development of the giant oilfield of Kuwait. 
The belief that the internal oil reserves of the United 
States are insufficient to satisfy the steadily increasing 
demand has forced Americau oil interests to secure 
adequate reserves abroad. The two important 
sources available to them are Venezuela and the Middle 
East, and of these the latter is much more favourable 
for a large increase in production owing to the lesser 
engineering effort required, if only the geographical 


handicap can be reduced. With characteristic dis- 
regard for geography, our American friends are demo- 
lishing this handicap. 

Before the war, the largest oil pipelines were of 10-in. 
or 12-in. diameter, with a throughput of two million 
tons per year. During the war, a 24-in. pipeline 
over 1,000 miles in length was laid from Texas to New 
York State, and this made history in its day. Now a 
33-in. pipeline is under construction from the Persian 
Gulf ollfelds, Abgaiq and Damman, to the Mediter- 
ranean coast—a distance of 1,075 miles—which will have 
@ carrying capacity of 20 million tons per year. The 
economics of pumping oil through pipelines are com- 
pletely changed when throughputs of this magnitude 
are involved, and so the Persian Gulf oilfields will soon 
be able to load tankers at terminals on the Levant 
coast, thereby overcoming the geographical handicap. 

At present, pipeline construction across the Syrian 
and Arabian deserts is in course. The Iraq Petroleum 
Company, which already has two pipelines of 12-in. 
diameter from its great oilfield at Kirkuk to terminals 
at Haifa and Tripoli, has a new 16-in. line, which is 
nearly complete, to Haifa, and a further 16-in. line to 
Tripoli will follow. The American Arabian Oil Com- 

y has recently begun the construction of its 33-in. 
ine from the Persian Gulf fields and a second 33-in. 
line will be laid by a joint Anglo-Iranian and American 
company to carry Iranian and Kuwait oil to the 
Mediterranean. Within about five years the capacity 
of pipelines reaching the Mediterranean coast may, 
therefore, be of the order of 50 million tons per year, 
and within 10 years perhaps twice this amount. Ship- 
ment of crude oil and of products from the great 
refineries of Abadan and Ras Tanura will continue to 
serve Eastern and African markets, and this will be 
additional to the pipeline deliveries to the Mediter- 
ranean. On the technical side, therefore, there is 
every reason to expect that the total Middle East out- 
ut may reach 100 million tons per year, or 2 million 

rrels per day, within the next few years. 

Nowhere else can any increase in production be 
expected comparable with that of the Middle East. 
Mexico passed its production peak of 500,000 barrels 
per day in 1921 and in 1947, in spite of urgent demand, 
a rate of 156,000 barrels was the most that the Mexican 
nationalised industry could achieve. New discoveries 
will surely be made, but it is unlikely that Mexico will 
ever again play a really important part in the inter- 
national oil trade. Roumania also its produc- 
tion peak of 174,000 barrels per day in 1936, and in 
1947 a rate of 78,000 barrels per day was the maximum 
possible. The older fields are in an advanced stage of 
decline, and new discoveries have been insufficient for 
many years past to offset this decline. A number of 
other countries may contribute a larger quota to the 
world’s total than at present; but, all in all, there is 
little likelihood of spectacular increases. The Dutch 
East Indies and British Borneo may regain and even 
exceed their pre-war production of about 8 million 
tons per year. Colombia, Ecuador, Peru, the Argen- 
tine, Canada, and many other countries may increase 
and even double or treble their present production, but 
their contribution to the world’s total will still be small. 

It follows from this rapid survey that there is no 
likelihood of an oil shortage for many years to come, 
although the geographical distribution of the main 
sources of supply will be very different in the future. 
During the next few years, the United States will find 
itself increasingly unable to meet its great and ever- 
growing internal demand, and will become dependent on 
imported oil for the difference. For some years to 
come, the export surplus of crude oil and oil products 
for the deficit countries of the world will come largely 
from Venezuela and from the countries of the Middle 
East. The Middle East has the greatest capacity for 
large increase in output for a relatively small engineer- 
ing effort and consumption of steel, and its geographical 
handicap is rapidly being overcome. Looking farther 
into the future, there can be no doubt that the oil sup- 
plies of the world will not suffice for more than perhaps 
a century at the rate of consumption likely to be 
required by a world making such rapid increases in 
mechanisation. A shortage of crude oil as won at 
present from oilfields will, however, bring into economic 
operation other secondary sources, such as oil from coal, 
oil from shale and oil from vast tar-sand deposits. 





BRITISH INDUSTRIES Fair, 1949.—As already an- 
nounced, the British Industries Fair will be held in 
London and Birmingham next year from Monday, May 2, 
to Friday, May 13. Application forms for space, which 
have been dispatched to all previous exhibitors, are 
returnable by Saturday, August 7, 1948, and, we under- 
stand, that there is every indication that the demand 
will be exceptionally heavy. Interested manufacturers 
who have not received an application form should there- 
fore apply immediately to either the Export Promotion 
Department (Exhibitions Branch), 27, Old Queen-street, 
London, 8.W.1, or to the Birmingham Chamber of 
Commerce, 95, New-street, Birmingham. 
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ANNUALS AND REFERENCE BOOKS. 


The British Journal Photographic Almanac, 1948.— 
The eighty-ninth edition of this well-known year book of 
photography is now available and, as has been the case 
with previous issues, it not only reviews new photo- 
graphic apparatus and materials and new processes and 
techniques, but contains a great deal of miscellaneous 
information of interest to both professional and amateur 
photographers. Of particular importance, perhaps, are 
articles dealing with the use of visual filters, colour 
peowcgrenhy, and the photographic specifications of the 

ritish Standards Institution, while a detailed descrip- 
tion of the applications, production and presentations 
of film strip will be found useful by institutions, 
educational authorities, apprentice-training committees 
and other bodies concerned with the preparation of 
illustrated lectures. As usual, the pictorial gravure 
supplement to the book constitutes an attractive 
feature. The book is edited by Mr. A. J. Dalladay, and 
is published by Messrs. Henry Greenwood and Company, 
Limited, 24, Wellington-street, London, W.C.2. The 
price, in paper-board covers, is 53. net, and, bound in 
cloth, 6s. net. 


Water Engineer's Handbook and Directory.—A 
directory of water undertakings in England and Wales, 
Scotland, Northern Ireland and Eire, is one of the 
principal sections of The Water Engineer's Handbook 
and Directory, the 1948 edition of which has recently 
come to hand. The information given for each 
undertaking includes the names of the chief officers, 
the sources of supply, the local authorities supplied, 
the character of the water and its treatment, the 
number of consumers’ meters, the amount of the 
water rate, the total capital expenditure of the under- 
taking, and development in progress or in prospect. 
Other sections of the directory include waterworks 
statistics, lists of officers and other particulars of 
catchment boards, lists of water engineers and managers, 
and particulars of Government departments and 
institutions and associations concerned with water 
supply. The hand-book portion of the volume takes up 
about one-third of the total space and contains a 
chapter on the “ Rainfall over Great Britain and 
Northern Ireland during 1947,” by Dr. John Glasspoole, 
and ten sections giving technical data. These deal 
with such matters as rainfall, storage and compen- 
sation, distribution, pipe data, water-flow measure- 
ment, prime movers and pumps, and the purification 
of water supplies. The book is published, price 
15s.. by Water and Water Engineering, 30 and 31, 
Furnival-street, Holborn, London, E.C.4. 


Pocket-Book for Mechanical Engineers.—The success 
which has attended the revision of his father’s well- 
known pocket-book by Mr. Bevis Low is attested 
by the fact that, since the appearance of the first 
revised edition in 1938, three new issues have been 
needed. The first two of these appeared in 1942 
and 1943, and the third, marking the issue of 61,000 
copies, has appeared recently. The original volume, 
representing five years’ work by the late Professor 
David Allan Low, was published in 1898, and in 
the various revisions which have been made the 
book has retained its initial character. It is a mechani- 
cal-engineering pocket-book and does not stray into 
other fields as some of its contemporaries are apt to 
do. Many pocket reference books attempt to cover 
so much ground, and to describe so many practical 
developments, that fundamentals are apt to be 
obscured by a mass of detail. This does not imply that 
matters of fundamental importance may not progress 
in the course of 50 years, and it is natural that in its 
own field the book should have required revisions and 
additions to its original form. It now contains some 
240 pages more than the first edition. The latest 
changes are in the sections dealing with chains, chain 
slings, and crane hooks; manila and wire ropes; 
screw threads; pipes and pipe joints; steam tables ; 
and locomotives. The book is published by Messrs. 
Longmans, Green and Company, 6 and 7, Clifford- 
street, London, W.1, and the price is 15s. net. 





APPRENTICE TRAINING SCHEMES.—A well-illustrated 
booklet, issued by the Electric Construction Company, 
Limited, Wolverhampton, deals with the four apprentice- 
ship schemes which are now available in that organisation 
for those wishing to enter the electrical industry. They 
include a five-year course of craft apprenticeship, 
primarily in one of 13 trades, but including good general 
experience ; a drawing-office apprenticesbip, which also 
extends over five years from the age of 15; a technical 
apprenticeship, lasting four years, for entrants holding 
the ordinary or higher school certificates and who do 
not propose to take a full-time course at a technical school 
or university ; and an engineer apprenticeship of three 
years, part of which may be taken during the vacations, 
for those attending full-time courses at a technical school 
or university. Full details of all these courses, the 


ENGINEERING. | 
** ENGINEERING "’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification prestige 
is stated in each case; where none is mentioned, t 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 
Copies of Soottins may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is given after the tract in 

each case, unless the Patent has been sealed, when the 

word ** Sealed” is appended. 

Any person may, at any time within two months from the 

date of the advertisement of the acceptance of a Complete 

Specification, give notice at the Patent Office of 

opposition to the grant of a Patent on any of the 

grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


598,963. Electro-Mechanical Tuning Fork. Muirhead 
and Company, Limited, and H. Shorland, both of Becken- 
ham, Kent. (4 Figs.) March 19, 1945.—This invention 
relates to electro-mechanical tuning forks of the type 
which are maintained in vibration by means of a 
thermionic valve. Such a tuning fork consists of an 
ordinary tuning fork made of magretic material, with 
each tine of which is associated one or more coils mounted 
on iron cores, normally laminated, and polarised by 
means of a permanent magnet or megnets, the free end 
of each core being mounted close to but not touching its 
adjacent tine. The coils associated with one tine are 
connected to the input of an amplifier of suitable gain, 
and coils associated with the other tine are connected to 
the output, so that the fork vibrates at or nearits resonant 
frequency. The object of the invention is to enable the 
frequency of vibration of the fork to be varied. In the 
drawing, 1 is a metal screening pot within which is 
located a tuning fork 2 made of magnetic material, 
with each tine of which is associated two coils 3 mounted 
on iron cores 4. The cores are connected together 
in pairs and polarised by means of permanent mag- 
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merged, i.e., below the normal ink level L in the reservoir 
13. The direction of rotation (as indicated by the arrows) 
of the upper roller 6 is such that ink fed to it from the 
ports 18 is carried away from the partition plate 25 and 
thence some will pass between that roller and the roller 7 
where it is worked, while some will pass down into the 
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sub-reservoir 27 where it will be “ picked-up ” by the 
roller 7; some of the ink having passed between the 
rollers 6 and 7 will also be carried around by the roller 7 
to the sub-reservoir 27. Thus the ink will, on the whole, 
be passed not once but more than once between the 
rollers 6 and 7 so that ink in the main reservoir 13 will 


have been well worked by the rollers. (Sealed.) 
MISCELLANEOUS. 
599,045. Shaft Coupling. The Bristol Aeroplane 


Company, Limited and R. A. Clapham, both of Bristol. 
(1 Fig.) September 19, 1945.—The invention is a 
method of coupling co-axial shafts in such a way that 
axial loads on the shafts are balanced out, thus relieving 
the shaft bearings. This is done by providing a circum- 
ferential channe! around the coupled ends of the driving 
and driven shafts to receive lubricating oil. The hy- 
draulic pressure generated by centrifugal action on the 
lubricating oil is applied to both shafts to balance the end 
thrust. The drawing shows a sectional elevation of a 
part of a gas-turbine power plant which incorporates 
such acoupling. The turbine 1 consists of a pair of rotor 
discs 5 and 6 through which the gases pass in series, a 
shaft 7 which carries both rotors, and first- and second- 
stage stator blades 8 and 9, respectively. The shaft 7 is 
supported by a bearing 10 within the turbine casing 11 
and transmits the drive from the turbine 1 to the com- 
pressor 2. To form the coupling, there is splined to the 
shaft 7 a sleeve 12 carrying around its inner peripheral 
edge a number of teeth 13 which engage with correspond- 
ing teeth on a part 14. The latter is splined to a shaft 15 
which is suitably coupled to the drum 16 of the compressor 
2. The shaft 15 is supported by a bearing 17 from the 





nets (not shown) situated below the cores 4. The 
coils associated with one tine are connected to the input 
of an amplifier and the coils associated with the other 
tine are connected to the output, so that the fork is 
maintained in vibration at or near its resonant frequency. 
For securing variation of flux density in the magnetic 
circuit, to vary the frequency, a further magnet 6 is 
mounted directly behind one of the polarising magnets 
on a shaft 7 which can be rotated by a knob 8, or by the 
knob 9 by way of a friction drive 10. On the shaft there 
is also fitted a contact arm co-operating with a rheostat 
located in the box 11. The rotation of the magnet about 
the axis of the spindle to which its middle point is 
secured will increase or decrease the-flux density in the 
air gap between the iron cores 4 and the associated fork 
tine. The rheostat 11 is connected in the output control 
of the oscillator. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 


598,959. Inking Mechanism for Printing Machines. 
R. Hoe and Company, Limited, and J. O. Crabtree, both 
of London. (5 Figs.) February 27, 1945.—This inven- 
tion relates to inking mechanism for printing machines, 
its object being to enable the ink to be fed to the inking 
mechanism before it has had time to settle or deteriorate. 
This object is achieved by providing a mill to work or 
knead the ink as it passes to the ink reservoir of the 
inking mechanism. A typical ink-pump arrangement 
consists of a casing 12 which forms an ink reservoir 13 
having in it a float 14 which operates to maintain a 
constant ink level in the reservoir. The box 12 also 
houses ink-pump units to supply ink through the p 
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casing 18 of the compressor. When the turbine and 
compressor are in operation, there is an axial thrust on 
the shaft 7 in the direction of the arrow P and an axial 
thrust on the shaft 15 in the direction of the arrow X. 
The free extremity of the shaft 12 is outwardly flanged at 
23 and formed with a cylindrical portion 24. The cylin- 
drical portion 24 carries the teeth 13. The part 14 is 
formed with a radial flange 25 and a skirt 26 which carries 
the teeth that co-operate with teeth 13 and also with a 
piston-ring seal 27 to form the pressure-tight joint be- 
tween the portion 24 of shaft 12 and the part 14. Lubri- 
cating oil is admitted to the turbine shaft 7 and, passing 
forward, collects in the trough 28 which is bounded by the 
radial flanges 23, 25 and the cylindrical wall 24. To 
ensure that the oil within the trough 28 has a constant 
depth, a drain hole 29 is provided, through which excess 
oil can escape. During rotation of the turbine shaft 12 
and consequently of compressor shaft 15, oijlin trough 28 





24 to the printing mechanism. The ink mill comprises 
two driven rollers 6, 7 having different peripheral speeds : 
the roller 6 is placed below the inlet ports 18 so that the 
ink as it is supplied to the box 12 passes from those ports 
directly on to that roller. Near the periphery of the 
roller 7 is a partition plate 25 mounted on a baffle 26 
which forms a sub-reservoir 27 in which the roller 7 is 





arrangement of which seems to be excellent, are given, 





is subjected to centrifugal action, and as a result 
hydraulic pressure is generated within the trough. The 
hydraulic pressure acts in opposite directions upon the 
flanges 23 and 25 and exerts a thrust on them, the two 
thrusts being equal. The thrust applied to the flange 25 
is transmitted by part 14 to shaft 15 and acts in the 
opposite direction to the thrust X. Similarly, the thrust 
on flange 23 actsin opposition tothe thrust P. (Accepted 





almost wholly contained, the sub-reservoir being sub- 


March 3, 1948.) 


vir 
8) 
he 
nd 
M7 
he 


he 
he 


e 


he 
ill 


ne 
1. 


at 
ng 
m- 


id 


ial 


4 


To 
nt 
ss 
12 
28 
it 
he 
he 
vO 
25 
he 
ist 


AuG. 6, 1948. 


_BAGINERRING. _ 








JET CALIBRATION. 
By D. A. N. Sanpirer. 


DuRinG the war the author was invited to investi- 
gate the subject of jet calibration in collaboration 
with.the Ministry of Aircraft Production. It was 
suggested that the work should include a critical 
examination of a jet-calibrating machine, Mark XC, 
serial number 2224, a type in general use for the 
calibration of carburettor jets and jets employed in 
metering air or gas, supplied by Amal, Limited, of 
Birmingham; visits to firms using such machines, 
to compare methods ; and a study of the effects of 
varying fuel density and viscosity. The machine 
supplied had two scales, the left-hand one D cali- 
brated to cover a range of 200 to 1,000 ml. per 
minute, and the right-hand scale F to cover 1,000 
to 5,000 ml. per minute. A detailed description of 
this machine is included in B.S. 720-1937. With 
the machine were two reference jets marked 500 
and 2,500 ml. per minute, respectively, one for 
each scale. Four gallons of each of the fuels in 
Table I were obtained from the Petroleum Board, 
together with a quantity of S.B.P.4. Fuels 1, 2, 
3 and 5 have the same density ; the remainder the 
same viscosity. 

The Amal machine had a few minor defects, but 
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these were mainly such as could be rectified when in 
use. There was a tendency for the level of the petrol 
in the gauge glass for scale. F to be unsteady when 
using jets of 2,500 size and over, the variations 
being about 0-3 cm. This may be due to the 
limited capacity of the upper petrol tank (about 
2 gallons). The special cocks B and D (B.S. 720- 

















TABLE I. 
Kinematic 
Reference Specific 
Number Gravity ok Ww Der. 
of Fuel. at 60 Deg. F. Centistokes. 
— u _ 
RDE/K/1 .. 0-710 0-520 
RDE/K/2 0-7106 0-806 
RDE/K/3 0-7101 0-904 
RDE/K/4 0-688 0-652 
RDE/K/5 0-7103 0-648 
RDE/K/6 .. 0-740 0-650 
RDE/K/7 .. 0-770 0-647 
RDE/K/8 .. 0-8001 0-6496 





1937) had to be taken apart and cleaned frequently 
to prevent dirt from entering the gauge glasses. The 
subdivisions on Scale D are inconvenient, most of 
them being 12} ml. per minute, which makes it diffi- 
cult to estimate intermediate readings. Visits were 
paid to three firms using the jet-calibrating ma- 
chines, and they were all found to set a very high 
standard in the work of the calibrating shops. Petrol 
density was checked frequently by hydrometer, 
variations being kept small by adding low-density 
fuel. Reference jets were checked periodically by 
direct measurement of discharge. A range of cali- 
brated Amal jets was checked in the machine 





supplied, and although in some sizes there was a 
variation in ratio of length to diameter of orifice as 
high as 17 per cent., the head and quantity varia- 
tions were only about 1 per cent., which was the 
order of accuracy expected by the makers. Typical 
results using fuel §.B.P.4, are given in Table II, 
page 122. In this table, the prefix AP refers to Amal 
production jets, and AR to an Amal reference jet. 
The head in centimetres over the inlet to the jet 
orifice was measured by means of a scale, not sup- 
plied with the machine. The quantities were ob- 
tained using a 5,000 c.c. glass flask and stop-watch. 
It will be observed that the quantities discharged do 
not agree with the nominal jet sizes, due to the fact 
that the jets were intended to discharge their nominal 
quantities only under the standard head of 50 cm. 
employed in the standard jet calibrator. Thus the 
nominal size of 430 should discharge 430 a = 
457 ml. per minute under the mean head of 56-7 cm. 
in Table II, and this is very close to the mean of 
461 actually obtained. Tests designed to measure 
the effects of changes in density and viscosity were 
next carried out, the readings being given in 
Tables III to X, page 122. Tables III to VI are for 
fuels of viscosity 0-65; the others for fuels of 
density 0-71. 

It will be observed that all the tests in these 
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tables were carried out with the same range of Amal 
production jets, the scale being first set by using 
an Amal reference jet. A few readings were taken 
of the quantities discharged from the reference jet, 
in case these might be of use later, but all the 
averages and percentage variations were calculated 
for the range of five production jets only. If the 
mean values of the heads over the jets and the 
quantities discharged are calculated for each of the 
Tables III to X, and the total variations of these 
heads and quantities for each fuel are then expressed 
as percentages of the means in each case, it will be 
found that the percentage variation in head is 
always within the range 0-39 to 0-97, and that the 
percentage variation in quantity lies within 0-39 
and 1-41. There is in fact only one percentage 
above unity ; that forthe quantity with RDE/K/3., 
These are in keeping with those previously 
obtained with Amal jets, and are very satisfactory. 
The mean values for quantity in Tables III, IV, V 
and VI are 508, 507, 507-8 and 507-6 ml.. per 





minute, respectively, which indicates that for the 
range of densities represented the quantity is 


remarkably constant ; in fact, both the mean head 
over the jets and the quantity discharged are quite 
independent of density. The mean heads in Tables 
VI, VII, TX and X are also practically constant, 
and all fall between 50-64 and 50-8cm. The mean 
quantities, however, are definitely related to the 
kinematic viscosity, as may be seen from Table XI. 

The values of quantity given in Table XI, page 
122, are plotted against viscosity in Fig. 1, on this 
page, from which it is evident that a straight-line 
relationship exists over the range of viscosities 
tested. In order to eliminate the effect of variation 
in the mean heads for these four fuels, each of the 
quantities was corrected to a value corresponding to 
a standard head of 50 cm. Thus for RDE/K 1 the 
mean head was 50-66 cm., so that the corrected 
quantity is 513 (aa) = 509 ml. per minute. 
The corrected quantities for the other three fuels 
are 503, 498 and 494 ml. per minute, in that order, 
and these values are also plotted in Fig. 1. 

The equations to the lines in Fig. 1 are Q = 
533-8 — 40-3v and Q, = 529-7 — 39-9», respec- 
tively, where Q is the quantity, Q, the corrected 
quantity, and v the kinematic viscosity. These 
equations give maximum values for Q and Q,, when 
v = 0, of 533-8 and 529-7, respectively, and zero 








quantities when »v is about 13 centistokes, but 
Fig.4. JET AR.2500. 
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obviously it is unwise to assume that the straight- 
line relationships exist very far beyond the range of 
viscosities tested. A check on the measured quan- 
tities in Table XI is obtained from the orifice 
formula 

Q = wrt (2gn)h. 
Taking the mean head for all the tests as 50-7 cm., 


_|and the mean diameter, as measured, 0-1877 cm., 


this equation gives 

Q = 8-75 c.c. per sec. = 525 c.c. per min., 
but there is of course no allowance here for variation 
in viscosity. 

The information so far obtained may be used to 
calculate the coefficients of discharge for the Venturi 
jets (or standard orifices) of the calibrating machine, 
for the Amal reference jets AR 2500 and AR 500, 
and for tkg series of five Amal production jets 
AP 500/1 to AP 500/5. Cross sections of these jets 
are shown in Figs. 2 to 7, on this page. The head h, 
upstream of the Venturi jets is constant for all tests, 
and is determined by the level of petrol in the float 
chamber. On machine No. 2224, this head was 
found to be 72-3cm. Actual quantities discharged 
through the small Venturi jet corresponding to 
scale D are given in Tables III to VI for the four 
fuels of kinematic viscosity about 0-65, and are 
repeated in Table XII, page 122, each quantity 
being a mean for the five production jets AP 500. 

As already observed, there is practically no 
quantity variation with density, so that the mean 
actual quantity Q, may be taken from Table XII, 
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quantity measurements for the large Venturi jet 
corresponding to scale F are not included in the fore- 
going tests, so trials were carried out for this side of 
the machine, discharging through the Amal refer- 
ence jet AR2500. The quantity collected was 
5,000 c.c., as before, so that the runs lasted two 
minutes only, but successive tests gave very con- 
sistent results, the mean of which appears in 
Table XII. 

As shown in Figs. 2 and 3, page 121, the Venturi 
jets have a taper giving a smaller outlet than the inlet 
diameter, and ifthe diameters in Table XTV are com- 
bined with the lengths in Figs. 2 and 3!it will be 
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The mean values of h, — A, in Table XV are 
calculated from those for h, given in Table XVIII. 
The coefficients of discharge for the Amal reference 
jets are given in Table XVI, the figures for Q, and 
hy being taken from Tables IV, V, VII, XIII, and 
the values of Q, varying with h'. The coefficients 
obtained agree very closely with the formula used 
by Amal’s for reference jets, viz :— 





Q 
a = 87,000 sq. in. 
where Q is in millilitres per minute, and the head over 
the jet is the standard 50 cm. 
Discharge coefficients have been worked out also 




























































































used as a basis in calculating the values of Q, in 
Table XVIII. The other columns in this table are 
also mean values for this series of jets, taken from 
Tables III to X. Table XVIII gives a mean (C, 
for the first four fuels of 0-965 (kinematic viscosity 
about 0-65). For the last four fuels Cg falls over 
the range by about 3-1 per cent., a similar figure to 
that quoted under Venturi jets. Summarising. the 
coefficient of discharge for the Venturi jets is a}jout 
0-87, for the reference jets about 0-92, and for the 
AP 500 jets about 0-96. 

By making use of the foregoing work, a discharge 
formula allowing for viscosity may be derived, 
The usual formula for the discharge Q from a jet or 

























































































TABLE II. TABLE VII.—Fuel RDE/K/1 (Kinematic Viscosity 0-52). TaBLE XIII.—Fuel RDE/K/7. 

| Head | Quan | | | | 

Head | Quan- Baro- | Room | Fuel | Scale | Quan 

Jet Baro- | Room | Fuel | Scale | Over | tity, | ag meter, | Temp., | Temp., | Read- or we Jet | Baro- | Room | Fuel | Scale _— tity 
No. meter, | Temp.,| Temp., | Read- | Jet, | Ml. Cm Deg. C. | Deg. C.| ing. Cn . w No. | meter, | Temp., | Temp., | Read- | Jot Q,, 
Cm. | Deg. C.| Deg. C.| ing. Cm. a. | a. | " | Cm. | Deg. C. | Deg. C.| ing. | ,5 om. oe pee 

np res an s a ws saa | nh. 
| | ca | rn Eas Dates silat ele eat eee 
AR 500 74-0 19-9 18-0 | 500 49-3 sum AR 500 75-1 18-8 | 16-9 | 500 | 49-4) 510 sie | Mad - | sig poet | aa | _ 
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AP 430/3 74-0 18-8 17-1 425 | 56-8 460 500/4 75-1 | 19-0 16-8 | 499 | 50-8 | 511 TABLE XIV.—Venturi Jets. 
epee) we) mee) tee | as ) eee] Oe eae) os | Se | tse | oe | eel oo (———— hacia nt 

480/5| 73-9 | 10-2 | 17-1 | 429 | 56-5| 464 i | 0 | | l 
AP 430/6| 78-9 | 19-5 | 17-5 | 425 | 56-8 | 462 : eer Actua | Theore | co. 
TABLE VIII.—Fuel RDE/K/5 (Kinematic Viscosity Yet | Veet | Ge | eae | = 
TaBLE III.—Fuel RDE/K/4 (Density 0-688). 0-648). Seale. dia.,d,, | dis.,dy | Qq, i | Dis- 
| j In. In. Ml. per | wy net charg: 
ABR500 | 75-8 | 18-7 | 16-8 | 500 | 49-3) — |AR500 | 74:7 | 19-5 | 14-5 | 500 | 40-5) — a | it ied 
AP500/1} 75-8 | 18-8 | 16-8 | 501 | 50-5 | 509 |AP500/1| 74-7 | 19-5 | 14-9 | 503 | £0°¢ | 507. | — ——— i . 
AP 500/2| 75-8 18-5 16-5 499 50-7 508 AP 500/2| 74-7 20-0 16-1 501 | 50-7 506 | 0-2015 0-1916 2.500 2,840 0-870 
AP 500/3 75-8 18-6 16-5 50-6 508 AP 500/3 74-7 20-2 16-6 501 | 50-7) 509 D | 0-1000 } 0-0871 507°6 | 584 | 0-870 
AP 500/4| 75-8 | 18-7 | 16-5 | 496 | 51-0| 507 |AP500/4| 74-7 | 20-4 | 16-9 | 500 | 50-8| 507 
AP 500/5| 75-8 | 19-0 | 16-5 | 499 | 50-7| 508 |AP500/5| 74-7 | 20-0 | 17-3 | 500 | 60-8 | 507 | — ——_____—_____—--- 
: TABLE XV.—Fuels of Density 0-71. Small Venturi Jet. 
TaBLE IV.—Fuel RDE/K/6 (Density 0-74) TaBLE IX.—Fuel RDE/K/2 (Kinematic Viscosity 0-306).| ——}_, |. +4) 
el Page] RR | abe | p= 2 
agsoo | 75-0 | 17-7 | 16-7 | 496 | 50-2| 508 |aRsoo | 75-5 | 21-2 | 15-5 | 500 | 49-4) — —_ Min | tm. | Min. | SO 
apema| ies | wa | et | ee | Bs) eB lee! es | Be [a | esl ss a ee a Ti 
° ° 5 50-9 508 - | ° e ° } a 
AP 500/3| 74-7 | 38-6 | 16-7 | 507 | 50-8| 507 |AP500/3| 75-5 | 22-1 | 18-0 | 502 | 50-6 | 503 | RDE/K/1 | 613-0 | 32-04 | 586 | 0-876 
. ‘ | 51-1 | - | 75-58 | 99. , “1 | RDE/K/5 507-2 32-88 | 585 0-867 
/4| 74-6 | 18-8 | 16-5 | 502 | 51-1 | 505 | AP500/4| 75-5 | 22-3 | 18-6 | 498 | 51-1) 501 | BDE/E/S > eae Be 
. - | . . 99. . . / | } 
AP 500/5| 74-4 | 18-9 | 16-2 | 504 | 51 0| 507 AP 500/86 75-5 | 22-7 19-2 | 501 | 50-8| 503 | BDEES 497-4 | 32-06 | 587 | 0-847 
‘ | | bots we 
TaBLE V.—Fuel RDE/K/7 (Density 0-77). TABLE X.—Fuel RDE/K/3 (Kinematic Viscosity 0-904). Tanux XVi.—Reference Jets. Fie. 2. 
an soo | 74-4 | 20-3 | 18-2 | 499 | 50-0| 500 |aR500 | 75-2 | 17-9 | 15:8 | soo | s-2) — | Pons Gee | | 

| | P ot | Qe, | Bond) a, | Cem 
AP 500/1| 74-4 20-4 18-4 502 51-1 | 507 |AP500/1| 75-2 | 17-9 | 15-3 | 499 50-7 | 499 Fuel et Dia., | Ml. per Jet. Ml. per; Qa 
AP 500/2| 74-4 | 20-3 | 18-0 | 500 | 51-3| 509 | AP500/2| 75-2 | 17-9 | 16-0 | 500 | 50-6 | 494 % | Tn.” | Min. | 2% | Min. | ~Q, 
AP 500/3| 74-4 | 20-4 | 18-0 | 501 | 51-2, 508 |AP500/3| 75-2 | 17-8 | 15-9 | 501 | 50-4| 501 | | z Om. | 

600/4) 74-4 | 19-9 | 17-7 | 500 | 51-3| 507 | AP5O0/4| 75-2 | 18-0 | 15-8 | 498 | 50-8 | 495 
AP 500/5| 74:4 | 19-5 | 17-6 | 500 | 51-3| 508 |AP500/5| 75-2 | 18-3 | 15-9 | 499 | 50-7| 498 l 
| | | | RDE/K/7 | AR 2500 | 0-1679 |2,500 | 49-1 | 2,654 | 0-942 
RDE/K/1 | AR 500 | 0-0768) 510 | oe 558 | 0-915 
TaBLE VI.—Fuel RDE/K/8 (Density 0-8001). _—Relation bets Quantiti RDE/K/6 | AR 500 | 0- . 63 | 0 
— 7 “ ae aN aay Mean Quantities and) POR /K/7 | AB 500 |0-0708| 509 | 50-0| 560 | 0-910 
‘inematic Viscosity. | | | 
AR500 | 74-1 | 20-1 | 18-2 | 500 | 50-0; — 
| | | ; S .-—Producti 00. 
AP 500/1| 74-1 | 20-1 | 18-2 | 501 | 51-3| 500 Table | uel Kinematic ioe see ee oe : 
AP 500/2| 74-1 | 19-5 | 18-0 | 503 | 51-1| 505 No. ; | Viscosity. Mi per Min | | 
AP 500/3| 74-1 | 19-0 | 17-3 | 505 | 51-0| 509 | , . Jet | Inlet Dia, | Throat Dia, | Outlet Dia., 
AP 500/4| 74-1 | 18-6 | 17-0 | S01 | 51-3 | 508 No. | dyin.” | dmin. ” | dyin. 
AP 500/5| 7 8-7 | 16-7 | 503 | 51-1] 507 vi | RDE/K | ose. 513-9 | 7 
: : z ie ; ‘ AP500/1__..| 0-0741 | 0-07845 (min.)| 0-071 
found that the taper is about 1 in 100 on the dia- | | SDE ae | (ll sons || O-orre | 0-07475 (min.)} 0-0752 
meter for the large Venturi and about 1 in 58 for the | ae +) See | eee eat °oas 
smallone. The values of Q, in Table XIV are taken AP 50/8 " 0-074 0-07355 (mia )} 00738 
; TABLE XII.—Fuels of Kinematic Viscosity 0-65, Jets tts | 
from the two preceding tables; and the values of 4P 500 
Q, are calculated from Q,= r*(2gh)t where : TABLE XVIII.—Production Jets 4P 500. 
= i do : Mean Qg, —_——— 
h.= h, — h, in each case, r = > and h, is the head Fuel. Ml. per Min. ieee | Mean . 
- | . H Qt, 
downstream of the Venturi jet. For the AP 500 Fo. =| yiSer | over Set, | aM Mer | Ca= Ge 
production jets, the head h, is 11-3 cm. greater than | RDE/K/4 pM th aif) 508-0 = | Min. 
hy, and for the AR 2500 jet, h, is 9-8 cm. greater | EDE/K/7 we ee al 507-0 : 
than hy. Bearing in mind the fact that Q, is for | RDE/K/8 eae en ee 507-6 RDE/K/4 ..| 508-0 | 50-70 525 | 0-967 
RDE/K/7 with the large Venturi and for a mean 2L RDEK/6 = ..| 507-0 | 51 2 526 | 0-964 
s . . . . o- « . ola ve . 
of the four fuels in Table XII for the small Venturi, | for the range of AP 500 production jets. These jets ae "| 507-6 | 51-06 526 | 0-965 
the correspondence in the values of Cz is very good. | appear to have been manufactured with a bore con- a <aa-e 0-66 525. | 0-078 
The variation of quantity Q, with kinematic | verging slightly towards the outlet, the taper being aH “| 507-2 50-72 525 0-965 
viscosity already demonstrated will corres- | in most cases about 1 in 150 on the diameter. The ona ye 4 = oar 
ponding variations in C, for the range of fuels having | jets are then reamered out, to give the correct scale I 


the same density of about 0-71. The mean quan- 
tities for these four fuels, using the AP 500 jets, have 
been taken from Table XI, and compared with the 
theoretical quantity for a head of 72-3 — h, over 
the small Venturi corresponding to scale D, in 
Table XV. There is the same linear decrease in 
Cg with increasing kinematic viscosity as that illus- 
trated in Fig. 1 for Q,. Incidentally, it is worth 
noting that the total variation in C, is only about 
3-3 per cent. for the range of viscosities from 0-52 
to.0-904. A similar series of results could of course 
be obtained for the large Venturi co: ing to 
scale F, with the same range of gar ca 





reading, by means of a tapered reamer, giving a taper 
diverging towards the outlet, which in most cases 
extends back from the outlet to about the middle of 
the length of the bore. These conclusions may be 
deduced from Figs. 6 and 7, page 121, and the Table 
XVII of jet diameters. 

In Table XVII the minimum diameter of each 
jet has been indicated, showing that four jets have 
a throat at about the middle of the length, while jet 
AP 500/3 has been reamered out along the whole of 
its length, giving the minimum at inlet and no throat. 
If the mean of the minimum diameters is t.sken, this 








orifice, namely, 

Q = 60 Cg mr? (29 rn)? ml. per min. re 
takes no account of the effect of changing viscosity, 
but it has been shown above that Q depends on the 
kinematic viscosity v. Thus for the AP 500 jets 

Q = 533-8 — 40-3 v ml. per min., o* 
where »v is in centistokes. Comparing these for- 
mulz, it is evident that (1) gives Qnax. = 525 when 
h = 50-7 cm. and Cy = 1 (see Table XVIII), while 
(2) gives Qmax. = 533-8 when w=0. These 





is found to be 0-0739 in., and this figure has been 





values correspond to within 1-7 per cent., and this 
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means that equation (2) must hold good not only 
over the viscosity 
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Table XI (0-52 to 0-904), but also (see Fig. 1) over 
the range 0 to 0-52 centistokes ; in fact the straight- 
line relationship exists for all viscosities from zero up 
to that of water. 

In view of the fact that the throat diameters of 
the AP 500 jets vary a good deal, and that Qmex. 
from equation (1) depends on this diameter, it seems 
wise to assume that the best value for Quay, is 
given by equation (2). This equation may be 


written 
Q = 533°8 — 40-3 vy = a(l — Dd vp) 
or 
Q = 60 mrt (Qgh)* (1 — by) 
where 
a= 60 mr? (29 h)* = 533-8, 
40° 
——— = 0-0755, 
533 
and 


Cg = 1—bv =1 — 0-0755 v. 


Checking this value of Cz against those in Table 
XVIII for the first four fuels, all of which have a 
kinematic viscosity of about 0-65, we get 


Ca = 1 — 0-0755 (0-65) = 0-95, 


as compared with 0-965 in the table. Taking into 
account the diameter variation of the AP 500 jets, 
it is probable that the figure of 0-95 is the more 
accurate. The difference is only about 1-5 per cent. 
of Q, which can be produced by } per cent. variation 
in r, and the variations shown in Table XVII are 
greater than this. 

Considering Table XV for the small Venturi jet, 
we have again 

Q = 533-8 — 40-3 pv 


since the final discharge Q, in the table is through 
AP 500 jets. The mean Q, from this table is 586, so 
that for the small Venturi jet we may write 


Qt = 60 wr? (2g nye = 586, 


where 
h =h, —hy 
and 
Q = 533-8(1 — 0-0755 pv) 
= CQ; (1 — 0-0755 »). 
Also 
533-8 
= —— =0°91 
586 
and 
Ca = C(l — bv) = 0-91 (1—0-0755 ») 


Checking this value of C, for the first and last 
fuels of Table XV gives Cz = 0-875 when »v = 0-52, 
and Cg = 0-847 when v = 0-904. From the fore- 
going special cases it is clearly possible to generalise, 
and say that for any jet, providing v lies between 
0 and 1 centistoke, the flow is given by 


Q =CQ (1 —bv) = Cag Q 
where 


Q: = 60 wr? (2g nyt 


and the values of C and b depend on the form of jet. 

Acknowledgments are due to Professor G. F. 
Mucklow, of Birmingham University, for encourage- 
ment and the provision of facilities in his depart- 
ment. 





GRIMSBY-IMMINGHAM LINE.—The 4} miles single 
tailway track between Grimsby and Immingham (West 
Marsh Junction) is to be doubled. It was originally a 
double-track line, but one track was removed during the 
1914-18 war. At the present time the line is inadequate, 
owing to the volume of timber traffic and developments 
on the Grimsby Corporation’s industrial estate. 





COMMERCIAL WORK IN ROYAL DocKYARDS.—A com- 
mittee has been appointed by the Admiralty to examine 
the manufacturing capacity of the engineering depart- 
ments of the Royal Dockyards at home, with particular 
reference to the facilities available for commercial work, 
and to advise whether such work can be undertaken 
without prejudicing the primary function of the dock- 
yards. The committee is under the chairmanship of 
Mr. Cecil Bentham, C.B.E., M.I.C.E., M.I.Mech.E., con- 
sulting engineer, Temple Chambers, 33, Brazennose- 
street, Manchexter, 2, and the other members are Sir 
John Stephenson, C.B.E., a past President of the Con- 
federation of Shipbuilding and Engineering Unions, and 
Captain (E) L. A. Taylor, C.B.E., R.N. 





Free Expression in Industry. By James J. GILLESPIE. 
The Pilot Press, Limited, 46, Great Russell-street, 
London, W.C.1. [Price 10s. 6d.} 

Tur development of Mr. Gillespie’s views on the 
sociological problems of industry is very clearly 
reflected in the succession of books which he has 
written on various aspects of works organisation. 
In the essentially technical studies which preceded 
the present volume, there was always discernible 
the working of a highly critical faculty questioning 
the most fundamental tenets of modern systems of 
time study and organisation and management. 
His book on Dynamic Motion and Time Study was, 
indeed, an outspoken attack on the school of motion 
study which analyses human activities into minute 
discrete acts lasting fractions of a second, on the 
grounds that any such technique which neglects the 
variations between individual human beings cannot 
be reliable. Mr. Gillespie’s scepticism, has now 
reached what may be assumed to be its ultimate 
end. He questions whether any of the elaborate 
systems of incentives and controls now in vogue 
can ever be really effective, because they tend to 
reduce the worker’s personal sense of responsibility 
by circumscribing ever more closely his freedom of 
action and by appealing exclusively to his individual 
acquisitiveness. ‘‘Taylor’s greatest contribution 
to management method was job analysis with the 
aid of instrumental timing,” writes Mr. Gillespie, 
“and his impact on industry extended from top 
to bottom of the structure. Within the framework 
of the absolutist management structure Taylor’s 
methods were very effective. They reduced cost 
and reduced real freedom of the operator and, in 
my Opinion, the economic advantages were in the 
long run counterbalanced by the psychological 
losses arising from his methods.” 

Mr. Gillespie has made a considerable study of 
psychology, and the practical reader may tend to 
become impatient over the chapters dealing with the 
psychology of the worker at work and in leisure. 
The author is no mere theorist, however, but went 
into industry as a boy labourer in a foundry at the 
age of 13, and has been shop-steward and foreman 
in his day. He has checked the findings of the 
psychologist against personal experience when he 
writes: “Work is becoming more repetitive and 
thoughtless . . . the inevitable result is flight or 
fight on the part of the worker, apathy or destruc- 
tiveness, psychic regression.” He points out that 
the mental environments of the worker at work and 
in leisure are incompatible. In his leisure he is an 
equal member of a democracy, with his share of 
personal responsibility ; at work, he is the subject 
of an absolute authoritarian regime, beneficent in 
intention it may be, but in essence disci 
Such democratic leadership as the workers have 
themselves built up or contributed to, in the form 
of shop stewards and joint consultation councils, 
tends merely to focus the conflict between their 
interests and those of management. So, at least, 
runs Mr. Gillespie’s diagnosis of the situation, and, 
at any rate, it can be acknowledged to be a diagnosis 
proceeding from an unusual readiness to face facts. 
What is Mr. Gillespie’s solution? The separation 
of technical and moral responsibility, the latter 
being entirely in the hands of the employees through 
& system of groups with elected leaders, 
in a top-ranking executive (who would attend 
directors’ meetings), coupled with a system of real 
profit-sharing ; not bonus shares. 

So brief a summary of Mr. Gillespie’s proposals 
may elicit an impatient response on the part of 
many managers; certainly, his views are tinged 
with idealism. But no short can do the 
book justice. We believe the book to be of real 
importance in the widest sense. As a test of this, 
the author’s remarks on the effects of nationalisa- 
tion may be quoted: “I think that one of the 
gravest mistakes of adherents of socialised industry 
is to think that the structural change in ownership 
will inevitably produce active social consciousness 
and increase work effort. In fact, and this is 
unfortunate, with the removal of the channelled 
drive of the profit-seeking owner and fear of dis- 
missal and the like, the effort put into work might 


or not the reader sympathises with Mr. Gillespie’s 
contention that the paradox between social citizen- 
ship and management autocracy generally is bad 
under private ownership, and that it would be 
ludicrous under social ownership, it cannot be 
denied that here is a clear and courageous analysis 
of one of the most important social problems of this 
age. The discussion of these problems has too long 
been left to the exaggerations of the non-technician 
and the prejudices of politicians, and it is to be 
hoped that engineers themselves may make further 
contributions, as thoughtful and constructive as 
this, to the solution of problems which are the 
direct result of their own technical activities. 


60 Years with Men and Machines. An Autobiography. 
By Frep H. Cotvin, in collaboration with D. J. 
DvuFFIN. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
3.50 dols.]; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 178. 6d.] 

THE Comtesse de la Briére, in Barrie’s play, What 

Every Woman Knows, on hearing that John Shand, 

M.P., was a former boiler-scaler, exclaims, ‘‘ The 

fun men have!’ Somewhat similar must be the 

reaction of any one who reads this autobiography 
of Mr. Fred H. Colvin, the first editor of the American 
journal, Machinery, and now “editor emeritus ” of 
the American Machinist, after 30 years on its editorial 
staff; but there is a great deal more in his book 
than the mere causerie that its title might suggest. 
In his descriptions of the engineering shops of 60 
years ago, his skilful pen-portraiture of the men 
who owned and staffed them, and the accounts of 
his experiences as a “‘ roving editor,” he contributes 
much that is of permanent worth to the history of 
engineering, and especially of American mechanical 


engineering. Not the least feature, among 
the impressions that will be left upon the mind of 


the thoughtful reader, must surely be that of the 
essential youthfulness of the American engineering 
industry—for it is comparatively youthful, in spite 
of its present immense size and highly advanced 
performances ; the kind of ebullience that comes 
naturally from the mens sana in corpore sano. Much 
of Europe has forgotten the sensation of tackling 
its daily work in that confident and cheerful fashion, 
and it is bracing to recapture the atmosphere. 
Incidentally, Mr. Colvin throws an interesting light 
upon the problems and the opportunities associated 
with American technical editing and publishing, so 
different in many respects from those of this and 
most other countries, if only because of the much 
greater amount of travelling involved. Reading 
between the lines, it is possible to discern the 
influence of such factors upon the characteristic 
style and development of American technical 
journals, their relations with the great and vigorous 
industries that they serve, and the advantages that 
they enjoy—often, no doubt, without appreciating 
their good fortune—in the general accessibility of 
those in American high places. There are many 
lessons to be learned from this book, which may be 
commended alike for its humour, philosophy, and 
professional interest as well as for its quality as 
an autobiography of the doyen of American technical 
journalism. 





Teach Yourself Chinese. By Dr. H. R. WILLIAMSON. 
Hodder and Stoughton, Limited (English Universities 
Press), Warwick-square, London, E.C.4. [Price 7s. td. 
net.] 

Tuts excellent little book will provide the reader 

with an adequate basis for learning to speak Chinese 

(Mandarin dialect, now called “ national speech,” 

and current through a large part of the country) as 

well as with a sound notion of reading and writing 
the language. Two classes of engineers are likely 
to be interested in the subject, namely, those visiting 

China or concerned with work in China, and those 

who want a hobby which is “different.” To the 

first is offered a possibility of grasping the essentials 
in, say, six months and to the second an unending 
source of distraction. As a hobby, Chinese is by no 





means despicable. A language spoken by a sixth of 
the world’s population and with an antiquity, on 
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the most modest reckoning, of 3,000 years’ standing, 
cannot but be of importance, especially since 
nationalist considerations may reduce the extent to 
which European languages may be used in China. 

It is a common belief among Europeans and 
Americans living in China that those who study 
Chinese become “queer.” Certainly, those who 
attempt to master its 40,000 characters, its vast 
literature, and its local dialects, may well be as 
peculiar as the modern poet, the ardent classical 
scholar or the profound mathematician ; but it may 
be suspected that this belief arises mainly from a 
desire to avoid effort than from a wish to avoid 
“‘queerness,” ger se. In actual fact, ordinary 
Chinese is less difficult than many other non- 
European languages. There is a very simple gram- 
mar in which syntax is the main feature, and the 
construction of sentences is logical and straight- 
forward. The three main problems are pronuncia- 
tion, similarity of words, and the method of writing. 
Dr. Williamson has done his best to overcome these 
difficulties. The characters which stand for the 
words are initially the most forbidding feature, 
seeming to present an infinite variety. In fact, 
every character contains one of 214 “radicals ” 
and is made up of one, two or three of some 900 
elementary parts. This may seem an appalling 
alternative to an alphabet but there is some system 
in it and, approached properly, it is by no means so 
difficult as it appears. The author gives 1,200 
characters, which are those in common use and this 
is about the same number that educators of the 
illiterate in China consider necessary. The Japanese 
(who use them also, although their language is quite 
different) rarely use more than 2,000. 

To the practising engineer it may be said that a 
knowledge of numbers, measurements, prices, names 
of materials, and the like is essential in China, even 
if he goes no farther than this. The psychological 
advantages of having a smattering of the language 
are enormous, especially if it is remembered that 
the Chinese have a vast contempt for those who do 
not understand their language, even if they be 
mechanically very able. For those who have some 
knowledge of this subject, it may be mentioned that 
the Wade system of romanisation is employed, 
which is fairly easy to use provided that Italian, 
not English, pronunciation is followed ; it is stan- 
dard in Consular and Customs ‘practice and is also 
followed by most English-speaking “‘ sinologues.” 





A Duna-Tisza Csatorna. By Huecé Lampt and FERENC 
Hatiéss¥. The Hungarian Ministry of Agriculture, 
Bureau of Irrigation, Méria Valéria-utca, 10, Buda- 
pest V, Hungary. [No price quoted.] 

AT a time when, in some quarters, canals appear to 
be regarded as a more or less obsolete means of 
communication and transport, it is interesting to 
see so much detailed consideration given to a 
canal project as is shown in this handsomely- 
produced book on the Danube-Tisza canal, designed 
to link the two main rivers of Hungary. The idea 
of such a canal is far from being novel—the book 
devotes a lengthy introductory chapter to a history 
of the exploratory investigations, extending over 
some 200 years. The scheme now stated to have 
been adopted is for a waterway 106 km. in length, 
designed to provide two-way navigation for vessels 
of 1,000 tons. The excavation entailed will amount 
to some 22,000,000 cub. m., and other construc- 
tional work will include the building of 34 bridges 
and nine locks. At the Danube end, however, an 
alternative proposal is to provide a ship lift, which 
would avoid the need for three of the locks. One 
pumping station, it is estimated, will suffice to 
supply water to the summit reservoir, and this 
would deliver 5 cub. m. per second. Plans and 
elevations of the canal and its terminals, and the 
designs for the locks, are contained in a pocket in 
the back cover of the book. 





INCORPORATED PLANT ENGINEERS.—A South Wales 
Branch of the Incorporated Plant Engineers has been 
formed to operate from Cardiff. The inaugural meeting 
of the branch will be held at the South Wales Institute 
of Engineers, Park-place, Cardiff, at 7.30 p.m., on 
Tuesday, September 28. Further particulars are obtain- 
able from the secretary of the Institution, Mr. Hadleigh 
8S. Seabourne, 48, Drury-lane, Solihull, Birmingham. 


THE THIRD CONGRESS ON 
LARGE DAMS. 


(Continued from page 65.) 


As was indicated in the introductory portion of 
our report on the Third Congress on Large Dams, 
held in Sweden from June 10 to 17, the first plenary 
session, in the morning o* June 11, was concerned 
with “ A Critical Exposition of the Measurement of 
Uplift Pressures and Stresses Arising Therefrom.” 
Eleven papers were submitted on this subject, 
three of which—those of Mr. L. F. Harza (United 
States), Serge Leliavsky Bey (Egypt), and Mr. D. 
McHenry (United States)—dealt with the scientific 
definition of the factors determining upward pres- 
sures. Of the seven which examined the question 
of upward pressures from the practical aspect, their 
experimental determination in existing structures 
was dealt with by Mr. C. E. Blee and Mr. Ross M. 
Riegel (United States) in a joint paper, and by Mr. 
Milton G. Speedie (Australia), Mr. G. Laporte 
(France), and, in separate papers, by Professor S. 
Kratochvil and Mr. V. Bezdicek (Czechoslovakia) ; 
and the influence of these upward pressures on the 
design of masonry or concrete dams, and the stresses 
thus induced, by Mr. E. Reinius (Sweden) and Mr. 
B. F. Jakobsen (United States). The eleventh 
paper, that of Professor A. Myslivec (Czechoslovakia) 
was on infiltration through earth embankments, and 
the properties requisite in sealing materials to stop 
such infiltration. We give below. somewhat 
abridged, the review of these papers by the general 
reporter on Question 8, Mr. W. Schurter, Chief 
Federal Inspector of Public Works, Switzerland. 


THe MEASUREMENT OF UPLIFT PRESSURES AND 
SrTRESSEs. 


The diversity of existing official instructions or 
of methods employed, relating to the problem form- 
ing the subject of Question No. 8, said Mr. Schurter, 
well illustrated the difficulty encountered by engineers 
for many years in dealing with designs for new 
dams, having regard to the fact that the upward 
water pressures were determined by the product 
of two factors, of which the true values were 
unknown ; these being the values per unit surface 
area of the upward pressures acting on any section 
of a dam structure, and the portion of such section 
experiencing such upward pressures. During the 
past few years, efforts had been made to elucidate 
this problem, both on the scientific level by deductive 
analysis and laboratory experiment, and on the 
practical level by seeking to define the determining 
values from the observation of existing structures 
or from exploratory measurements. The transition 
from the former conception of the upward pressures 
as acting in the seams or fissures (cracks) of struc- 
tures, to that of the porosity of the material and the 
consequent action of the upward pressures as a 
hydrostatic pressure of the water in the pores, or 
interstitial pressure, had proved to be of funda- 
mental importance in the clarification of the 
problem. Mr. Schurter then summarised the results 
obtained from analytical reasoning and scientific 
research, based on the theory of porosity. 

Mr. Harza examined, for the case of porous solid 
bodies, the question of the surface area exposed to 
upward pressures, starting from the general assump- 
tion of upward pressures such as exist in a com- 
pletely immersed body. Since concrete contained 
usually up to 10 per cent. of cavities, he considered 
this material as constituted by a large number of 
small vertical cylinders, bounded at the upper 
and lower extremities by pores, and, on this assump- 
tion, deduced that the upward pressures act on 
the entire area of the horizontal cross-section of an 
immersed body. Proceeding thence to compare 
the forces exerted by upward pressures on immersed 
bodies with those acting on the cross-section of a 
perfectly triangular dam exposed to upward pressures 
decreasing linearly from the upstream to the 
downstream face, he deduced again that, in the case 
of a triangular dam exposed to a unilateral external 
hydrostatic pressure, the effective surface area 
actually exposed to upward pressures must be equal 
to the entire horizontal cross-section. Mr. Harza 
did not propose to determine the magnitude of the 





upward pressures or their variation in the interior 
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of the structure, these values being capable of 
modification by artificial or natural means: jut 
solely to demonstrate that they must always act 
on the entire horizontal surface, whatever their 
intensity per unit area. Finally, he showed that 
this definition of the action of upward pressures, as 
proceeding on the whole area of the particular 
horizontal plane, was valid for any arbitrary }orj- 
zontal section of a dam, whether coinciding with a 
working joint or seam, or situated between two such 
joints, or represented by the surface of contact or 
interface between the dam structure or wall, and 
the bedrock, He considered that measurements on 
existing structures should be of great value for 
determining the specific intensity of the upward 
pressures, and recommended that such measure. 
ments should be made. 

Leliavsky Bey likewise started from the assuiup- 
tions of the theory of porosity, as presented by 
recent researches. Experimental measurement of 
the pressure of the interstitial water up to failure 
of the sample, simultaneously exposed to axial 
stress, he said, led to the determination of a 
coefficient f,, defining the relationship between the 
partial surface exposed to such interstitial pressure, 
and the total cross-sectional area of the body. 
This coefficient f, was given by the expression : 

dN 
Ie Adp 
where A = the fracture cross-section (total cross- 
section), p =the pressure of interstitial water 
causing failure of the sample, and N = the axial 
load. Analysis of 95 tests arranged in 12 series 
indicated a mean value of the “ effective superficial 
porosity ’ corresponding to f,=— 0-91, with a 
probable error of +1-4 per cent. Since concrete 
experienced an increase in weight of the order of 
7 per cent. by the presence of water in its pores, 
it was necessary, in practice, to use for wet concrete 
a value of f, = 0-91 — 0-07 = 0-84 only. He 
recommended a round figure of 0-85. 

Mr. D. McHenry started from the following pro- 
positions. If the pores of a body of concrete con- 
tained water under pressure, this water would carry 
a portion of the excess load, which would operate 
to reduce the compression stresses on the solid 
portions of the body. The resultant of the upward 
pressures in the interior of the material was a 
function of the pressure of the water and of the 
surface area effectively subjected to such pressure. 
While the value of the water pressure was capable 
of determination by experiment or by calculation, 
determination of the effective area affected was con- 
siderably more difficult. Mr. McHenry employed 
for the purpose an indirect method, measuring the 
influence of the interstitial pressure on the resistance 
to shear. According to Coulomb and Mohr, 


Y=C-+ X tan ¥, 


where Y = the resistance to shear, C = the cohesion 
strength, X = the normal stress, and 4 = the angle 
of internal friction. The values of C and y were 
most suitably determined by tests in tri-axial 
compression, without interstitial water pressure. 
To determine the effective surface area, tests in 
tri-axial compression were made, in which the 
lateral component was furnished by fluid pressure ; 
hence the pores of the test piece were exposed to 
identical pressure. The inevitable differences be- 
tween individual samples and their conditions of 
failure required a great number of tests to be made. 
Making use of the mathematical expansions given 
in the report, and correcting the results. obtained 
by the method of least squares, an evaluation of 
337 tests made, arranged in 15 series, gave a mean 
value of the boundary porosity of 1-02 + 0-019, 
or about 1-0, this boundary porosity defining the 
surface area effectively subjected to the action of the 
interstitial water pressure, referred to the area of 
rupture. The report included figures of the resistance 
of the test pieces to axial and shearing loads, with 
and without interstitial pressure. 

Summarised, the reports by Harza, Leliavsky 
Bey and McHenry confirmed the opinion stated by 
Professor Terzaghi in 1934-36, as a result of 
theoretical considerations and from tests made on 
samples exposed to the action of external forces 
with or without pressure of water in the pores, 
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namely, that, within the limits of error of the 
measurement, the surface area effectively exposed 
to the action of upward pressures was equal to the 
total cross-sectional area of the hody. 

Mr. C. E. Blee and Mr. R. M. Riegel, dealing with 
the activities of the Tennessee Valley Authority, 
and referring particularly to Question No. 9,* 
communicated the results of measurements of 
upward pressures made on dams of the Authority. 
In view of the care usually taken in the treatment 
of the surface of contact between the concrete and 
the bedrock, they stated, upward pressures in the 
foundations manifested themselves rather in the 
bedrock than at the interface. The pressures were 
measured by means of boreholes, 3 in. in diameter, 
arranged in inspection tunnels and containing 
pressure gauges. In general, drainage arrangements 
were provided behind the upstream core wall, 
consisting of boreholes 9 m. to 12 m. long, spaced 
2-5 m. to 3:0 m. between centres, and connecting 
with the inspection tunnel (the examples given 
were from the Cherokee, Douglas, Hiwassee and 
Fontana dams). In all these cases, the curve of 
upward pressures fell rapidly from the value of the 
hydrostatic pressure, at right angles to the upstream 
skin or waterface, to the value corresponding to the 
height of the drain discharges in the inspection 
tunnels, continuing thence to the downstream 
level with a flat convex gradient. On the Norris 
and Wheeler Dams, where no drainage was pro- 
vided, considerably higher values of the upward 
pressures had been measured. On the Wheeler 
Dam, the curve of upward pressures rose above the 
straight line joining the pressures corresponding to 
the upstream and downstream levels, respectively ; 
but these values were reduced subsequently by the 
provision of additional boreholes. The pressure 
of the interstitial water in the concrete, which 
they had endeavoured to reduce by vertical drains 
placed near the upstream face of the dam, was 
measured by means of membranes balanced by 
compressed air where the pressures did not exceed 
the equivalent of a 60-m. head, or by piezometer 
gauges where the pressures were higher. 

On the Fontana Dam, where the hydrostatic 
pressure at the measuring points reached a value 
of about 400 ft. head, interstitial pressures were 
observed, during the years 1945-46, rising to 97 per 
cent. of the hydrostatic pressure at 6 in. behind the 
upstream face of the dam, and diminishing to 80 per 
cent. of the hydrostatic pressure at 12 in., and 59 per 
cent. at 42 in., in the interior of the structure. On 
the Hiwassee Dam, where the static head was about 
210 ft. above the measuring point and the concrete 
was far denser than in the Fontana Dam, the inter- 
stitial pressures in 1947, that is, after seven years’ 
service of the dam, attained values only about half 
those measured on the Fontana Dam at corre- 
sponding distances from the face. At 16 ft. inside 
the structure, the interstitial pressures were only a 
few per cent. of the hydrostatic pressure. 

Mr. Milton G. Speedie communicated the results 
of measurement of interstitial pressures in an earth 
embankment (Eildon Dam, Australia), of which the 
core consisted of concrete, with a puddle-clay facing 
on the upstream side. The measurements were 
similarly taken by means-of membrane boxes in 
which the interstitial pressure was balanced by 
compressed air, these gauges being accommodated 
in steel piezometer tubes. Measurements were 
recorded both in the clay puddling applied to the 
concrete central core, and in the clay forming the 
foundation course of the embankment. They 
extended over 3} years and the report indicated 
the rate at which the measurements were recorded 
during this period. The interstitial pressure varied, 
generally, with the water level in the reservoir, 
elthough there was no direct proportionality, and 
the phase displacement was considerable. The 
peak values of the interstitial pressure might exceed 
those of the hydrostatic pressure. In the clay 
foundation course, the interstitial pressure was high, 
but its fluctuations were less than those of the water 
level in the reservoir. 

M. G. Laporte gave results of the measurements 
of upward pressures made in the foundations of the 





* “ Research Methods and Instruments for the Measure- 
ment of Stresses and Deformation in Earth and Concrete 
Dams.” 


power-station river barrage at Roche-au-Moine in 
France. This barrage was founded on a bedrock 
of gneiss with transparent mica. The maximum 
static head on the foundation surface was 19-5 m. 
The measurements, made by means of piezometer 
tubes, showed that the upward pressures varied 
generally with the water pressures in the reservoir, 
without any direct proportionality being apparent. 
They were somewhat higher in winter than in 
summer (probably because the fissures were more 
open during the cold season) and attained 51 per 
cent. maximum, or 11-5 per cent. minimum, of the 
difference of pressure between the upstream and 
downstream sides. During the course of these 
observations, which continued for 14 years, neither 
the characteristics nor the absolute values of the 
upward pressures experienced any change; thus 
the permeability of the foundation rock appeared 
to have retained a permanent value. 

Professor Kratochvil dealt with the influence 
of upward pressures on the foundations of the 
concrete dam at Kninicky (height of structure, 34 m. ; 
foundation bedrock, compact diorite; sealing 
arrangements, normal; upward pressure values 
assumed for calculation, 50 per cent. upstream, 
0 per cent. downstream), and cited the following 
results, obtained by means of piezometer gauges. 
The upward pressures in the foundation plane were 
between 50 and 60 per cent. of the hydrostatic 
pressure. After additional injections had been 
made into the structure and the foundation bedrock, 
the upward pressures decreased to 30 to 40 per cent 
of the hydrostatic pressure. 

Mr. V. Bezdicek gave a survey of the upward 
pressures determined in the earth embankment of 
the Frystak Dam. The base of the dam was formed 
of compact sandstone covered by a layer of sandy 
gravel of 3-0 to 6-0 m. thickness, and a clay bed 
of 2-50 to 3-0 m. thickness, on the last of which 
the embankment rested. The core wall, of clay, 
was placed on the upstream side and went down to 
bedrock, being bonded to the latter by a concrete 
foundation containing an inspection tunnel. For 
reasons of economy, the very compact bedrock 
foundation was not grouted with cement. The water 
level above the ground level was 10 m., and the 
hydrostatic pressure on the concrete-bedrock inter- 
face, about 18 m. Observations showed that the 
bedrock was permeated with infiltrations ; these 
were the original cause of the upward pressures 
measured in the overlying gravel and clay beds and 
these upward pressures still attained significant 
values under the downstream toe of the embank- 
ment. The upward pressures varied directly as the 
level of the water in the reservoir. Grouting 
contemplated in the foundation bedrock was 
expected to reduce the upward pressures consider- 
ably. 

Mr. Reinius treated of the influence of upward 
pressures on the stresses in the concrete and of the 
stability of dam walls, and summarised Swedish 
opinion on these questions. Following the results 
of recent researches, he suggested that the upward 
pressures were effective over the whole surface of 
the dam sections affected, supporting this inter- 
pretation of the effects of porosity of the material 
by showing micro-photographs of the crystalline 
structure of the pure cement mix after setting, which 
clearly exhibited a very porous structure. For the 
determination of the movement of water in aggre- 
gates according to Darcy’s Law, he suggested four 
different methods; that favoured in Sweden was 
the graphical method based on the theory of potential 
flow. It was necessary to take account of the 
permeability of different sections of the structure, the 
influence of grouting and the drainage conditions. 

In Sweden, gravity dams were calculated as solid 
piers, on the assumption that the upward pressures 
on the upstream face equalled 100 per cent. of the 
hydrostatic pressure ; hence they were postulated 
as decreasing linearly downstream, provided that 
no drainage arrangements open to inspection were 
provided, and that there was a possibility of main- 
taining the sealing of the dam: base by supplemen- 
tary grouting. It was likewise assumed that the 
upward pressures acted on 100 per cent. of the area 
of the horizontal cross-sections, that is, also on 
the foundation section. Allowance was made, 





also, for a possible increase of the water pressure in 


the pores, towards the downstream side, due to 
secondary causes such as icing, limestone deposits, 
etc. The report demonstrated the favourable effect 
on upward pressures of grouting, draining, shafts 
and boreholes. On the other hand, drains had the 
inconvenience of increasing the effect of infiltrations, 
causing greater scouring of the cement. Drains 
should therefore be suitably designed to form a mean 
between an arrangement particularly adapted for 
decreasing upward pressures, and arrangements 
specifically intended to lengthen the path of infil- 
trations. 

For some time, Mr. Reinius’s report continued, 
no solid gravity dams of any size had been built in 
Sweden, due to their high cost and the troubles 
experienced with their maintenance. Instead, the 
type of dam recommended by Maurice Lévy had 
been constructed, in which a screen wall was applied 
to the upstream face of the dam, to protect the latter 
from upward pressures; this type of structure 
allowed of a considerable reduction in the quantity 
of cement required for the construction of the dam 
itself. Recessed dams (buttressed dams or slab 
dams) were preferred in Sweden, since the upward 
pressures were then smaller and easier to control. 
The present tendency was to use slender buttresses, 
well reinforced at their heads, which reduced the 
cost, and the danger of fissuring. In Sweden, 
dams of this type attained a height of 35 m. In 
Finland, a similar structure was being built to a 
height of 50 m. 

Mr. Jakobsen also dealt with the influence of 
upward pressures on the design of gravity dams, 
giving his conclusions on the question of upward 
pressures in the body of the structure, in the founda- 
tion ground, and at the foundation surface, on the 
resistance to overturning, and, finally, on the 
stresses arising in each particular case. According 
to his view, the total volume of the pores in a 
good-quality concrete was between 12 and 15 per 
cent. Although he referred to the work of Terzaghi 
and Leliavsky, he was of the opinion that, in 
accordance with results of porosity and permeability 
tests made, these two factors played only a very 
subordinate part if the concrete was prepared accord 
ing to accepted standards, and the hydraulic 
gradient was that usual for gravity dams: The 
porosity of the bedrock varied between 1 per cent. 
for granite and 20 per cent. for porous sandstone ; 
experiments showed that the permeability, and 
consequently the transmission of the water pressure, 
were not proportional to the porosity, since only a 
part of the pores were intercommunicating. The 
intensity and the effect of the upward pressures on 
the foundations and on the interface between 
the concrete and the bedrock depended greatly on 
the manner in which the bedrock was stratified. If 
the beds were practically vertical, the upward 
pressures acted principally through faults and 
fissures, while, if the stratification was horizontal, 
the upward pressures might act on up to 100 per 
cent. of the horizontal cross-section. On the 
basis of other considerations, he arrived at the 
conclusion that it was advisable to operate with the 
lowest possible values of the upward pressures, the 
accelerations due to earthquake and slip, and the 
resistance to overturning: on the assumption, 
naturally, that adequate measures had been taken 
for protection against upward pressures, such as 
grouting and draining. 

Profersor Myslivec submitted a report dealing 
with infiltrations through earthwork embankments, 
and the suitable materials for sealing such dams. 
Following Darcy’s Law, he calculated the volume 
of infiltration through a clay puddle seal, both for 
the case of a skin on the waterface and a proper core 
wall. To simplify analysis, he assumed that all 
other parts of the embankment were perfectly 
permeable. To determine the necessary properties 
of a sealing material, he investigated the variation 
of the permeability coefficient k as a function of 
the granular composition of the material, and 
arrived at the following condition to be satisfied 
by any material suitable for sealing, namely, that 
the coefficient k of such material should be equal to 
or less than a value 6f 0:02 cm. perday. Astandard 
curve of grain size was drawn up on the basis of 
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8, said Mr. Schurter in conclusion, it appeared that 
the upward pressures acted on practically the whole 
geometrical surface in question, whatever their 
specific values at particular points, whether in a 
plane intersecting the dam or in the plane of the 
foundation. On the upstream side, the value of 
the specific upward pressures was equal to the hydro- 
static pressure of the water in the reservoir ; on the 
downstream side this value was zero, excepting 
in the presence of special conditions, when it was 
determined by the latter. Between the two extreme 
edges of the cross-section, it varied, in general, 
linearly, allowing for the effect of any structural mea- 
sures designed to reduce the intensity of the upward 
pressures. Appropriate structural measures should 
be adopted to prevent to the greatest extent possible 
the appearance of upward pressures in the base 
of the dam, on the foundation surface, or in the 
body of the structure ; thus controlling the mecha- 
nical and chemical effects of the interstitial water, 
and its influence on the strength of the materials. 
Continual and effective supervision and maintenance 
should be applied to ensure and preserve the 
efficacy of these structural measures. 


(To be continued.) 





ELECTROTHERMAL HEATING 
MANTLES. — 


A BaNnGE of electrical heating mantles, designed 
primarily for the controlled heating of laboratory 
flasks from 230-volt alternating-current supplies has 
been produced by Messrs. Electrothermal Engineer- 
ing, Limited, 270, Neville-road, London, E.7. These 
units are of special advantage where it is desired to 
avoid the use of naked flames, as for example, in the 
presence of inflammable liquids, or in cases where a 
steady source of safe heat is needed over long periods. 
The heating element consists of a non-inductively wound 
coal of nickel-chromium resistance wire. This is sewn 
with glass yarn to the underside of a flexible knitted 
glass fabric, which is made in various sizes to fit snugly 
round the hemispherical base of standard sized flasks. 
The fabric is held between flat annular rims, secured by 
screws to the top of a cylindrical aluminium housing 
mounted on rubber feet, the space between the housing 
and the fabric being loosely packed with glass-wool to 
minimise loss of heat. The use of aluminium minimises 
radiacion losses, and, combined with the glass-wool 

ing, enables the heating element to operate at 
black heat, thus reducing fire risks. The resistance 
wire is coiled from the bottom upwards in turns of 
increasing pitch, so that heat is concentrated towards 
the lower portions of the flask. Flat-bottomed flasks 
can also be used, though in such cases only those sizes 
should be employed which allow the fabric to fit 
snugly against the base of the flask. 

A built-in thermocouple enables the temperature 
at the outer wall of the flask to be measured, and, if 
this is required, suitable pyrometers are available. 
An off-on control switch with a colour-coded supply 
plug, and a small indicating lamp, protected by a 
shunt resistance, are fixed to the cylindrical side of 
the aluminium housing. In the larger models, however, 
there are up to four separate heating circuits which can 
be switched on or off as required. Indicating lamps, 
similarly protected, show the circuits connected across 
the supply. Although the mantles can be safely 
switched directly across 230 volts, they are each 
intended for use with some form of external regulator, 
such as a variable-ratio transformer, or a bi-metallic 
temperature controlling device. Such devices are usually 
supplied with each unit, the bi-metallic type being sup- 
plied as standard equipment for alternating-current 
mains. This type may be calibrated in terms of thermo- 
couple temperature against regulator setting ; the latter 
can be adjusted to give a fairly steady temperature of up 
to about 400 deg. C. The mantles are also supplied 
for operation from 230-volt direct-current mains, though 
in this case the control is effected by an external series 
resistance or by a potentiometer. They are made in 
sizes to suit flask capacities ranging from one-twentieth 
of a litre to 100 litres, with a corresponding total 
wattage range from 60 to 3,500 watts. Units for 50- 
litre and larger-sized flasks contain four heating 
circuits. 





NATIONAL GAS AND OIL ENGINES.—The National Gas 
and Oil Engine Company, Limited, Ashton-under-Lyne, 
state that the manufacture of a number of sizes of their 
engines is being discontinued, in order to increase the 
output of those sizes in greatest demand, which, it is 
hoped, will result in earlier deliveries. The directors 
emphasise that no negotiations of any kind are in 
_progress to alter the company’s status, or to link it with 
other oil-engine manufacturers ; nor are any intended. 





NOTES FROM SOUTH AMERICA. 


Sourn America is sharing in the severe world 
shortage of dollars, and there are talks of ible large 
loans from both the Export-Import Bank a Washington 
and the World Bank; but Latin-American hopes 
appear to lie chiefly in being included in the Marshall 
Plan, whereby exports to Europe might be converted, 
at least in parts, into dollars, which could then be used 
to pay for imports from the United States. Meanwhile, 
however, prospects for trade with Britain and the 
sterling area generally have become much brighter 
because, following upon the Andes Pact with Argentina, 
Britain has now signed a trade agreement with Brazil, 
and negotiations with Chile also are proceeding. 

Argentina, particularly, is feeling the shortage of hard 
currencies, which tends to restrict trade with the 
United States. On the other hand, import exchange 
control was drastically relaxed on June 23 to attract 
foreign capital and to allow for the resumption of 
trade with the United Kingdom and other Euro 
countries which, for some time previously, had lem 
suspended or hampered. Import permits will now 
be granted automatically to the sterling area for an 
extremely lengthy list of goods, which includes a large 
variety of raw materials, machinery, tools and manu- 
factured goods. Argentine public works expenditure 
during 1948—the second year of the Five-Year Plan— 
has been authorised at over 70,000,000/., chiefly for 
transport, navigation, roads, and the Buenos Aires 
city airport. As a direct result of the Andes Pact, 
Britain has become again the chief supplier of coal to 
Argentina, whereas, during the past few years, the 
United States and South Africa were the leading 
suppliers. Contracts have been signed with the M. W. 
Kellog Corporation, of the United States, for the 
construction of two new oil-refining plants. 

Both the Argentine Government and private indus- 
tries continue to call for supplies of general engineering 
equipment ; for example, the Ministry of Public Works 
is inviting many tenders for pumps, and the Harland 
Engineering Company, of Alloa, recently secured a 
contract valued at 200,000/.. in the face of keen inter- 
national competition, for the installation of electrical 
pumping plant for the supply of water to Buenos Aires. 

connection also with the widespread schemes for 
development of electric power which are being pursued, 
tenders are continually being invited for the suppl 
of general electrical equipment. Transport items—rail, 
road, sea and air—continue to be ntina’s most 
urgent necessity, in spite of heavy deliveries from 
abroad, and further large orders have been placed 
recently, particularly in the United States. The 
Argentine Government have appointed a Railway 
Purchasing Committee to proceed to London, and they 
are expected to make a prolonged stay in Europe. 

Under a recent trade agreement with Spain, Argentina 
has placed orders in Spanish shipyards for 17 vessels, 
including oil tankers and -cargo ships. 
Tankers have also been ordered from Holland, Sweden 
and the United States. Under another agreement, 
Czechoslovakia will supply coal, steel, machinery, 
locomotives, wagons, hydraulic plant, etc. An increasing 
number of concessions are being granted to Italian 
firms to set up factories in Argentina. Rolls-Royce 
Limited, have made arrangements with the Argentine 
Government to build Derwent jet aircraft engines in 
Cérdoba. Among many important developments in 
road transport, the Argentine Government have invited 
tenders in the United States for motor "buses and 
tramcars for the Buenos Aires City Transport Corpora- 
tion, up to a total cost of some 40 million U.S. dols. ; 
and a recent decree authorises an initial expenditure of 
about 6,000,000/. on the extension of the underground 
railway system in the city of Buenos Aires. Eighteen 
firms in different countries have tendered for the 
building of a double tunnel for motor traffic under the 
River Riachuelo, which separates Buenos Aires from 
Avellaneda; each tunnel will be 31 ft. in diameter, 
with a capacity of 5,000 vehicles an hour. 

News is still awaited of the approval by the Brazilian 
Congress of the Five-Year (Salte) Plan for transforming 
Brazil’s economy through the expenditure of enormous 
sums upon developing transport, hydro-electrification, 
etc. Meanwhile, the outlook for Anglo-Brazilian 
trade is much brighter by reason of the trade and 
oo agreement signed in Rio de Janeiro in 

ebruary, under which Brazil is to supply to the 
United Kingdom during 1948 farming products worth 
31,000,000. In exchange, Britain has promised to 
supply Brazil this year with goods worth 37,125,0001., 
including petroleum and petroleum products to the 
amount of 7,000,0001., 500,000 tons of coal, 3,000 tons 
of tinplate, 1,000,0001. worth of steel tubes, wire, etc., 
agricultural machinery and implements to the value of 
750,0001., 1,250,000/. of electrical machinery and 
equipment, principally industrial, textile machinery 
costing 2,500,000/., and other machinery totalling 
3,500,0001., and locomotives, ms, ships, aircraft, 
vehicles and parts to the value of 9,000,0001. Brazil 
has large coal reserves and important coal mines, but 





the quality of the coal is poor. Prospects for imported 
coal are excellent, therefore, and are likely to continue 
for as long as can be seen ahead, especially as the 
development of hydro-electric power must take a long 
time. In any case, there is ample room for the develop- 
ment of both hydro-electric and coal-burning power 
plants. A certain amount of oil is produced in Brazil, 
mainly in the State of Bahia, but this production has 
not yet become an important factor. Brazil’s imports 
of coal up to 1939 were mainly from the United King- 
dom and Germany, but during and since the war they 
have come chiefly from the United States, though 
there have been appreciable shipments also from South 
and East Africa. The post-war sources of petroleum 
supplies have been principally the Netherlands West 
Indies and Venezuela. 

Brazil continues to devote large sums to the improve- 
ment of port facilities and extensions to railways. 
Orders have been placed during the past two years for 
the equipment of the port works and docks at Santos, 
the most important in Brazil, but delivery is taking 
much longer than was expected. The Brazilian 
Government recently authorised a special credit of 
about 500,0001. to finance the purchase of 20,000 tons 
of rails and accessories for lines at present under con- 
struction, and steady progress is being made in linking 
up the Brazilian railway system with that of Bolivia. 
The relatively high cost of farming production in 
Brazil is due to rudimentary methods which can only 
be remedied by increased mechanisation ; therefore, 
the Brazilian Government have ordered 2,000 tractors 
* annum over five years from the Brazilian National 

otor Factory, in addition to the plant to be installed 
by the Cleveland Pneumatic Tool Company to assemble 
2,000 tractors annually from parts shipped from the 
United States. Considerable progress is being made 
with the various schemes of hydro-electrification. 

Government approval has been given for a loan of 
7,500,000 U.S. dols., from the Export-Import Bank 
of Washington, on behalf of the Cia. Vale do Rio Déce, 
which operates the Itabira iron-ore deposits. The 
proceeds of the loan will be used for the improvement 
of the mining equipment and for the completion of 
the Vitéria-Minas ilway, which carries iron ore to 
the port of Vitéria. It is estimated that, with this new 
equipment, the company will be able eventually to 
produce over 1,000,000 tons of iron-ore annually for 
export. At present, the ore produced is used at the 
Volta Redonda steel plant, about 90 miles from Rio de 
Janeiro. Production at Volta Redonda commenced 
during the second half of 1946, and the output in the 
full year 1947 was 146,544 tons, compared with 241,482 
tons from other plants. Without this contribution. 
Brazil’s output of steel over the past few years would 
have shown very little increase. At present, Brazil 
could easily consume up to 900,000 tons annually, 
though it is believed that consumption in 1947 did not 
exceed 800,000 tons, of which approximately 408,000 
tons were imported. The cost oF production at Volta 
Redonda is said to be excessive, due in part to the 
fact that the designed capacity of about 300,000 tons 
annually has not been reached yet, and also because 
of the high investment costs carried; it is estimated 
that the price of Volta Redonda products is between 
50 per cent. and 100 per cent. above the c.i.f. cost of 
similar imported steels. Although it is generally 
believed that these costs will be substantially reduced, 
it is thought in some quarters that the local product 
will be unable to compete with imported steel when 
the supply catches up with the demand, unless it is 
protected or subsidised. 

In Chile, also, a new industrial era is expected to be 
ushered in by the new steel plant entitled Cia. de 
Acero del Pacifico, situated on the coast at Huachipato, 
near the port of Concepcién; preparations, which 
started late in 1946, are p ing fairly satisfactorily. 
The work of construction is in the hands of the United 
States firm of H. A. Brassert and Company, and a 
management contract is reported to have been awarded 
to the Koppers Company, Incorporated, of Pittsburg. 
Production is scheduled to commence towards the end 
of 1949 or early in 1950. Steel will be manufactured by 
the Bessemer converter, electric furnace and Siemens- 
Martin open-hearth systems, and the initial output is 
expected to he approximately 250,000 tons of ingots 
per annum, which would permit a yearly total of 
150,000 tons of finished steel products—sufficient to 
supply almost all Chile’s present requirements. Nego- 
tiations between a British mission and the Chilean 
Government continue in Santiago regarding a definite 
trade agreement, but, meanwhile, a payments agree- 
ment has been signed which should result in increased 
trade between Chile and the United Kingdom and the 
rest of the sterling area. For 1948 alone, the Chilean 
Government has decreed an expenditure upon public 
works of 375 million pesos, particularly on irrigation, 
highways and bridges, railways, port improvements, 
and water and drainage plant. Hiydro-electrification 
plans have proceeded steadily, despite the difficulties 
encountered during the war, and positive results are 
now beginning to appear. 
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OVERHEAD TRAVELLING CRANE OF ALUMINIUM 


DOMINION BRIDGE COMPANY, LIMITED, LACHINE, QUEBEC, 











ALLOY. 


CANADA. 





ALUMINIUM-ALLOY CRANE AND 
BRIDGE. 


A 15-Ton overhead travelling crane of 97-ft. span 
has recently been constructed in aluminium alloy by 
the Dominion Bridge Company, Limited, Lachine, 
Quebec, Canada. On February 18, 1948, the same 
company were also given a contract, by the Arvida 
City Council, to construct an aluminium-alloy single- 
arch bridge, with a span of 290 ft. from skewback centre 
to centre, over the Saguenay River. The company 
state that it is believed to be the first all-aluminium 
highway bridge of its type in the world. We may 
remind our readers of the 100-ft. aluminium plate- 
girder span recently built into the Grasse River Bridge, 
in the State of New York (ENGINEERING, vol. 164, page 
529 (1947)). 

The accompanying illustration shows the crane 
assembled in the manufacturers’ works. It has been 
built for the rod mill of the Aluminium Company of 
Canada, Limited, and is fabricated from extruded 
channels and angles, and rolled plate—all in high- 
strength aluminium alloy. The rivets and bolts are 
also of aluminium alloy. The lattice-girder construc- 
tion of the crane is apparent from the illustration. The 
strength of the costello approximately the same as that 
of structural steel, but its elasticity is greater, and in 
order to avoid excessive deflection, it was necessary 
to provide girders of greater depth than would have 
been the case with steel. The loss of headroom 
occasioned by this was offset by placing the crane 
trolley between the two girders—instead of on the 
upper surfaces—and fixing the trolley rails to joists 
on the inside of the girders. A conventional crane of 
this type and size, constructed in steel, would have 
weighed about 94,000 Ib. (42 long tons), but the weight 
of the aluminium-alloy crane is 51,735 lb (slightly over 
23 tons). This represents a reduction in weight, com- 
pared with a steel crane, of 45 per cent. ; or, to express 
it another way, a steel crane would be 582 per cent. 
heavier than the aluminium-alloy crane. As a result of 
this saving, 30 per cent. less power is required for the 
travelling motion than for a standard crane. It was 
also found possible to reduce the weight of the support- 
ing steelwork. The builders state that maintenance is 
expected to be less expensive, as the aluminium alloy 
will never require painting. Experimental work, 
especially on riveting, preparatory to the construction 
of the crane, was carried out jointly by the aluminium 
laboratories and the industrial engineering department 
of the Dominion Bridge Company. 

The aluminium-alloy bridge, which is now being 
designed, will span the Saguenay River between Arvida 
and Shipshaw, and its length will be 504 ft. from abut- 
ment to abutment. It will weigh about 400,000 Ib. 
(178 tons), compared with about twice that figure for a 
similar steel structure. The reduction in weight will 
show an economy in the cost of transporting the 
materials to the site, and it will simplify the foundation 
work and facilitate erection. Maintenance of the 
bridge after completion will also be reduced. The main 
Span will be a fixed-type arch, with a rise of 47 ft. 6 in. 
on the centre-line of the arch rib; the span being 


way will be 24 ft. between curbs, and there will be a 4-ft. 


sidewalk on each side. ‘ Alcan 26-ST” aluminium 
alloy will be used in the construction of the bridge, and 
there will be two box-section main arched members 
braced together, each consisting of two web plates 
54 in. wide by * in. thick, two cover plates 32 in. by 
? in., and four angles 6 in. by 4in. by $in. The deck 
and sidewalks of the bridge are to be formed from 
pre-cast concrete slabs, with reinforcing rods welded 
at the site and the slabs grouted together into a con- 
tinuous mass between expansion joints. An asphalt 
roadway surface will be applied over the concrete. 
The structure is being designed to, conform to the 
specifications of the Canadian Standards Association 
for highway bridges and with those of the Department 
of Public Works of the Province of Quebec. The 
specified live load is U 100, or two 20-ton lorries abreast. 





THE THEORY AND MANUFACTURE 
OF HELICAL-SPRING WASHERS. 


Messrs. ToLEDO WoopHEAD SprrRincs, LIMITED, 
Neepsend-lane, Sheffield, 3, have taken over a former 
Government factory at Darlington, and equipped it for 
the manufacture of helical-spring washers. It is now 
known as the Reliance Works, Aycliffe, and is stated 
to employ plant and quantity-production methods not 
previously used in this country. We have been pro- 
vided with a note on the theory of helical-spring washers 
and a brief account of the manufacturing processes. 
The washers are of the type in which there is a single 
turn of rectangular-section wire, set to a slight helix. 

It is stated that it is not sufficient merely to lock a 
nut to prevent it from working loose. A castellated 
nut, for example, depends on the erroneous principle 
that a nut works loose initially by turning backwards 
on the bolt due to vibration. Similarly, in this con- 
nection, it is irrelevant whether a lock nut is placed 
below or above the thick nut. It has been proved that 
initial loosening is due to four main causes: (1) a 
gradual stretch or “‘ creep” of the bolt or screw under 
the tensile stress ; (2) a lapping, or wearing down, to a 
closer bearing of rough contacting surfaces; (3) the 
breakdown of the contacting surfaces due to fretting 
corrosion ; and (4) the breakdown of paint, enamel, 
dirt, scale, etc. Any one or a combination of these 
factors may easily cause initial looseness of, say, 
0-001 in. 

When it is considered that, in the case of a heat- 
treated -in. bolt with 24 threads per inch, one sixth of a 
turn, representing a vertical movement of 0-007 in. of 
the nut, is the difference between wrench-tight and 
finger-tight, it will be seen that an initial looseness of 
0-001 in. due to the causes enumerated will reduce sub- 
stantially the stress in the bolt. It will lessen the 
friction and adhesion of the threads so that further 
vibration will greatly hasten the action, to the point 
at which the assembly becomes only finger-tight, and 
the nut can begin to turn backwards on the thread. 
Thus, the cause of initial looseness is not backward 
turning, but the backward turning is the result of 
initial looseness. It is therefore neces to prevent 


the danger point, by fitting something which will com- 
nsate for the real cause of looseness. The most satis- 
actory method it is stated, is to insert a helical-spring 
washer, which acts as a compressed spring. This action 
persists well beyond the point of initial looseness. 
At the Reliance Works, the spring-steel wire from 
which the washers are made is first inspected and 
tested, and then worked in a special machine to a key- 
stone cross-section. The object of this is to ensure that, 
after the wire has been coiled into the shape of a spring 
washer, it is of rectangular section: the outer edge 
having been reduced in thickness due to the tension in 
it during coiling, and the inner edge having been 
increased in thickness due to the compression. In 
the coiling machine, each washer is formed, cut off, 
and the helical set imparted to it. The washers are 
proportioned so that they will not become entangled 
with each other, and for this reason they have been 
given the trade name of “ Kantlink ” spring washers. 
After coiling, the washers are hardened by heating in 
an automatically-controlled gas furnace, and quenched 
in oil, after which they are tumbled in barrels to remove 
the scale. Finally, they are tempered. 

A proportion of each batch of washers is tested. The 
hardness should be from 43 to 52 Rockwell C scale, 
corresponding to a tensile strength of between 86 and 
105 tons per square inch. The exact hardness is deter- 
mined according to the size and purpose of the washer. 
The temper of the washer is tested by ensuring that, 
after a first compression, the free height of the washer 
is at least 1-66 times its thickness, and that repeated 
compressions will not reduce the free height. A test 
to check that, when the washer is seated and fully 
compressed as in normal use, it does not spread or 
uncoil, is also carried out, and finally one half of the 
washer is gripped in a vice and the other half is twisted 
through 90 deg. There must be no sign of fracture 
under these conditions. 





UGANDA ELECTRICITY BOARD.—In reply to a question 
by Mr. F. J. Erroll in the House of Commons on Wednes- 
day, July 28, the Under Secretary of State for the Colonies 
(Mr. D. Rees-Williams) said that the newly-formed 
Uganda Electricity Board consisted of Mr. C. R. Westlake, 
chairman ; the Financial Secretary, or his representative ; 
the Director of Public Works ; Sir John Kennedy ; Mr. 
H. R. Fraser; Mr. A. N. Maini, and Mr. C. H. Bird. 





LAMINATED PLastic.—The laminated plastic known as 
formica is now being produced in this country by De La 
Rue Insulation, Limited, 84, Regent-street, London, 
W.1, at their new factory in West Chirton, North Shields, 
Northumberland, manufacturing rights having been 
acquired from the Formica Insulation Company, of 
Cincinnati, Ohio, U.S.A. Formica is a sheet material 
made from a paper and resin base on which is pressed a 
surface particularly resistant to abrasion. The surface, 
it is claimed, is harder than that of other plastics, and is 
almost unaffected by acids, oils, alcohol, or by burning. 
The material, which has been used in this country 
already, will be manufactured primarily for furnishings 
subject to hard wear and cleaning, or for decorative and 








290 ft., as already mentioned. The width of the road- 
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architectural purposes. 











PERFORMANCE , OF GERMAN 


Fig. 1. 


PERFORMANCE OF GERMAN 
‘* GIANT ’’ HOBS. 


EXPERIMENTS in the performance of “ giant ’’ hobs 
which were discovered in Germany by a British Tech- 
nical Intelligence Commission, have been described in 
B.1.0.8S. Final Reports Nos. 442 and 642.* A Pfauter 
hobbing machine, already modified to accommodate 
these exceptionally large hobs, was shipped to the 
Park Works of Messrs. David Brown and Sons (Hudders- 
field), Limited, together with some 6-mm. module 
giant hobs. The firm have sent us particulars of the 
experiments carried out in their works. Fig. 1 shows 
the machine with a giant hob machining a gear blank. 

It was known that Pfauter designers had frequently 
visited the Huckeswagen works of W. Ferd. Klingeln- 
berg Sohne to gain experience in synchronism milling, 
a method—well established there—of generating spiral 
bevel gears. It was also known that the hob drive of 
the machine had been copied from the cutter head of 
the Huckeswagen bevel-gear generators, and that the 
hobs had been designed and manufactured there. 
Messrs. Klingelnberg had stated that, with 10 hours 
uninterrupted working time, a milled tooth length of 
360 mm. (14-2 in.) per minute could be achieved. This 
was four times greater than normal practice ; and the 
hob was not overworked. The David Brown tests 
showed that the advantages of these large hobs were 
not sufficient to outweigh other considerations, and that 
the prototype machine was not capable of employing 
them to the best advantage. It is considered possible, 
however, that by modifying the set-up, such large 
hobs might be useful for, say, automobile manufac- 
turers. 

The modified Pfauter hobbing machine had been 
fitted with a robust hob saddle, with the hob spindle 
driven by belt from an air-cooled motor mounted on it. 
Motion em the spindle to the table drive and feed 
gears was transmitted through trains of gears in the 
vertical head. The original drive gear was housed in 
the base of the machine in the normal manner. The 
hob spindle, 3,-in. in diameter, had been designed to 
accommodate large hobs, two of which were supplied 
with the machine—of }-in. and 4,-in. modules, and both 
about 10 in. in diameter. One of the giant hobs is 
shown in Fig. 2, beside a David Brown hob of similar 
pitch. The rows of teeth fit in the hob in dovetail 
fashion, and each row of teeth and each hob groove is 
tapered longitudinally so that the teeth can be driven 
firmly into the body. Hardness tests and the appear- 
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Fig. 2. 


ance of the grinding sparks 
showed that the teeth were 
of high-speed steel, and not 
of tungsten carbide. 

Two nickel-steel gear 
blanks, 13-4 in. in diameter 
and 6-15 in. wide, were first 
cut; this face width being 
the maximum that would 
ensure a complete entry and 
run-out for the heb. The 
surface finish on the gear 
teeth proved to be extremely 
poor; it was apparent that 
the efficiency of the hob was 
adversely affected by the 
unsatisfactory performance 
of the machine, the vertical 
head vibrating severely, 
0-007 in. forwards and back- 
wards, and 0-003 in. later- 
ally. A more rigid work 
arbor, and two steadying bars 
attached to the arbor and to 
a fabricated platform on the 
vertical head, were therefore 
made and fitted as shown 
in Fig. 1. In justice to the 
German engineers, it should 
be stated that they also had experienced the necessity 
for bracing the head of the machine. 

Further cutting tests were then carried out. As in 
the previous test, the hob speed was 65 r.p.m., giving 
a cutting speed of 170 ft. per minute, and the hob feed 
was 0-06 in. per revolution of the table. The feed 
motion of the hob saddle being opposite to the motion 
of the hob teeth in the cutting zone, the action was that 
of climb cutting. A 57-tooth blank was fed in to the 
full depth—0-5 in.—and the hob feed was set in 
motion for the roughing cut. This was followed by a 
finishing cut, 0-010 in. in depth, and when half the 
Jength of the gear teeth had been finish cut, the machine 
was stopped to permit examination of the surface 
finish. Fig. 3 shows the appearance of the gear at 
that stage, as well as the characteristics of the half- 
tone process permit. The finish of the roughly-cut 
surface on the upper half of the blank was superior 
to that of the finish-cut surface, owing to the inter- 
mittent entry of each row of hob teeth into the work 
when finish cutting; and both were far superior to 
those obtained in the first test. Vibrometer tests at 
the head of the machine showed that vibration had 
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been reduced to 0-003 in. forwards and 0-001 in. 
laterally. A series of tests to determine the cutting 
properties of the hob was stopped after cutting three 
blanks, with 57, 53 and 50 teeth, owing to obvious signs 
of distress, and the hob teeth were sharpened. Worn 
bands at the tips of the teeth were 0-020 in. wide, and 
the top faces of the teeth were indented near the 
cutting edges at the tips. In another test after sharpen- 
ing, a worn band 0-015 in. wide developed on the most 
active teeth. 

From these series of tests it was concluded that the 
performance of the giant hob under climb-cutting 
conditions, at a rotary hob speed of 65 r.p.m., a cutting 
speed of 170 ft. per minute, and a feed of 0-060 in. 
per revolution of the gear, was 9} in. of hobbed tooth 
length per minute, with a good finish and a life between 
sharpenings of the hob of 8} hours. The cutting rate 
and life of the hob not agreeing with the claims of the 
German manufacturer, possibly owing to differences in 
work-piece or hob speeds, the hob-feed rate was 
increased in the next test, and a blank was cut with 
double the feed previously employed. Little trouble 
was encountered until the hob was half way across the 
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SOUNDING-BOARD FOR CONCERT HALL. 














Fic. 2. Sounpinc-Boarp In Position. 


blank, from which point the machine became noisy | 
and the finish poor. After cutting two blanks in this 
manner, the hob needed re-sharpening, and the test was 
abandoned. Two tests were made later, however, in 
an attempt to compare the conventional method of 
hobbing (the direction of the hob feed motion and that 
of the hob teeth in the cutting zone are the same), 
with the method of climb hobbing. The conventional 
method was tried in both directions—up and down ; 
in the latter case it was only necessary to reverse the 
direction of the hob feed from that of the previous 
tests, and for an upward feed the hob was reversed 
onits arbor. In both cases there was excessive chatter 
and a very poor finish resulted. 

The investigators concluded that there was no 
evidence that the giant hob was appreciably superior 
to a hob of normal size run at the same cutting speed, 
although it may be expected to have a proportionately 
longer life between successive re-sharpenings owing 
to its larger number of cutting edges—a point of impor- 
tance in production. On the other hand, it is more 
expensive, and each re-sharpening reduces its value 
by an amount proportionately greater than in the case 
of a normal hob. 





GENERATION OF ELECTRICITY.—The official returns 
rendered to the Ministry of Fuel and Power show that 
3,379 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during June, 
1948, compared with 2,842 million kWh in June, 1947, an 
increase of 527 millien kWh, or 18-9 per cent. The total 
electricity generated during the first six months of 1948 
was 23,332 million kWh, an increase of 7-7 per cent. 





over the corresponding period of 1947. 


RETURN TO SERVICE OF S.S. “ CARTHAGE.”—The 
Peninsular and Oriental Steam Navigation Company’s 
liner, Carthage, which saw considerable service during 
the war, first, as an armed merchant cruiser, and, subse- 
quently, as a troopship, has been extensively recondi- 
tioned by her builders, Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, Glasgow, S.W.1. She has 
now returned to the company’s service and sailed from 
Southampton on July 30, for Malaya and China, via 
Ceylon. The Carthage is a twin-screw vessel of 14,200 
tons gross, and 543 ft. in length, carrying 180 first-class 
and 213 tourist-class passengers, in addition to 6,293 
tons of cargo. Her single-reduction geared turbines, of 
14,000 h.p., give a speed of 17 knots. 


ELECTRICAL ENGINEERING COURSE AT SOUTH-EAST 
LONDON TECHNICAL COLLEGE.—In addition to the 
courses for the National Certificate and City and Guilds 
Examinations in electrical engineering, telecommunica- 
tion engineering and applied physics, 15 special courses 
have been arranged to take place on one evening per 
week during the coming session, at the South East 
London Technical College, Lewisham-way, London, 
S.E.4. The subjects to be covered irclude high-voltage 
engineering (25 lectures with 12 practical evenings at 
Queen Mary College); industrial electronics (about 
25 lectures); radio-frequency measurements (about 
10 evenings, including practical work); applications 
of the cathode-ray tube to industrial problems (6 lectures) ; 
electrical-engineering economics (about 30 lectures), and 
communication-engineering economics (about 30 lec- 
tures). Details will be supplied on application to the 
Head of the Electrical Engineering and Applied Physics 
Department. 





LIGHT-WEIGHT SOUNDING-BOARD 
FOR CONCERT HALL. 


A LARGE sounding-board, the frame of which is of 
aluminium alloy, has been constructed recently for 
use in the Harringay Indoor Arena,Green-lanes, London, 
N.4. The board is shown partly erected in the arena 
in Fig. 1, and hoisted into its correct position in Fig. 2. 

The building is rectangular in plan, with the corners 
“* bevelled,” and is about 310 ft. in length, 220 ft. in 
width, 62 ft. in height above the floor to the underside 
of the roof girders, and 110 ft. in height to the top of 
the roof. The walls are of brick, with steel columns 
at intervals to support the roof girders, and the roof 
consists partly of asbestos-cement sheets and partly of 
glass. The arena is used mainly for sporting and 
athletic events, especially ice-hockey, and on such 
occasions the building will accommodate about 8,000 
persons. When almost the whole of the arena floor 
space used for spectators—as in boxing matches or 
concerts—another 2,000 can be seated. The acoustics 
of the building, in its original state, were not 
suitable for orchestral concerts. Thus, when it was 
decided to hold the London Music Festival in the 
arena in June of this year, it was necessary to provide 
a sounding-board at a suitable height above the 
orchestra seated in the centre of the arena. The board 
had to be made as easy as possible to dismantle and 
erect, as it is removed after concerts, to restore day- 
light and headroom for sporting and athletic events, 
and for circuses. Another sounding-board, with a 
frame of tubular-steel scaffolding, had been in use for 
about a year, but it required an unduly long time to 
erect and dismantle. The walls of the building have 
also been lined on the inside faces with acoustic tiles 
to improve its suitability for concerts. 

The sounding-board is 104 ft. long and 90 ft. wide, 
and is in two halves, each 52 ft. long, the transverse 
join being on each side of a square hole formed in the 
centre, to allow the board to be hoisted past an ice- 
hockey clock. Each half frame of the sounding-board 
consists of five lattice girders of aluminium alloy, 50 ft. 
in span, with secondary lattice girders around the clock 
opening, and bracing members to stiffen the structure 
and resist the stresses due to lifting. Framing rails or 
bars on the underside of the lattice girders support 
small-section galvanised T-bars at 2-ft. centres. These 
T-bars carry the flat asbestos sheets which form the 
sounding-board surface, the sheets being held in posi- 
tion by wooden wedges through holes in the vertical 
webs of the T-bars. The framing of each half of the 
sounding-board is erected on 3-ft. trestles on the floor. 
A hand winch is fixed to the end of each girder, wire rope 
being taken from the winch, passed over a pulley on 
the bottom tie of the roof truss, and brought back to 
the winch. The half frame is then lifted by the winches 
to a height of 6 ft. above the floor, and the asbestos 
sheets are fixed. When each half of the sounding- 
board is completely assembled, it is raised to a 
height above the floor of approximately 46 ft. by 
operators who stand on the ends and work the winches. 
The hoisting operation is co-ordinated and directed by 
means of the arena loudspeaker system, and when it is 
finished independent connections are made between the 
sounding-board frame and the roof girders, as a safety 
precaution. 

The time taken to erect the sounding-board for the 
first time was 60 hours, but it is thought that, with 
practice, this figure can be reduced by 20 per cent. to 
25 per cent. The time is much less than that required 
for the previous steel structure, which is an important 
factor, as the arena cannot be used during erection or 
dismantling of the sounding- board, and revenue is there- 
by lost. The aluminium-alloy frame has therefore 
been constructed in units which can be rapidly assem- 
bled in the arena. The total weightof the sounding-board 
is 23 tons,the aluminium-alloy frame weighing only 
3} tons. The aluminium-alloy structure was designed 
and built by Messrs. Structural aad Mechanical De- 
velopment Engineers, Limited (a member firm of the 
Almin group), Slough, Buckinghamshire, to the speci- 
fication, and under the direction, of Dr. Oscar Faber, 
O.B.E., consulting engineer to Harringay Arena 
Limited. 





LECTURES ON Roap CoONSTRUCTION.—The Road 
Research Laboratory are arranging to hold two lecture 
courses from Wednesday, September 29, to Wednesday, 
November 17, and from Monday, November 29, to 
Wednesday, February 2, 1949, respectively. During 
these courses the results of recent research will be 
described to practising highway engineers, under the 
headings of soil mechanics, concrete and bituminous road 
construction. The fundamental preperties of the 
materials concerned will also be dealt with and the 
results of research and their application to road practice 
described. Full particulars and forms of application can 
be obtained from the Director of Road Research, Road 
Research Laboratory, Harmondsworth, West Drayton, 
Middlesex, the envelopes being marked for the attention 
of Mr. A. G. Tarrant. 
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ELECTRONIC COUNTER AND 
BATCHER. 


A MACHINE for counting and batching small objects 
of similar size, such as nuts, bolts, buttons and tablets, 
has been constructed by Messrs. C. E. King and Sons, 
Limited, Staines, Middlesex, with the co-operation of 
Mullard Electronic Products, Limited, Shaftesbury- 
avenue, London, W.C.2. This consists essentially 
of a cylindrical metal hopper about 14 in. in diameter 
and 6 in. deep, in which a metal disc is fixed, fitting 
closely to the ne and just clearing the vertical wall, 
Near the periphery of this disc are two rings of holes, 
the diameter of which is just large enough to pass 
the objects to be counted one by one. Discs with 
different-sized holes for dealing with objects of varying 
sizes are available and can be rapidly placed in position. 

In operation, a number of, say, nuts, are discharged 
into the hopper. The disc is then set in rotation by 
switching on an electric motor and carries the nuts 
round with it. The latter, in turn, are swept into the 
holes by flat brushes and pass over the mouths of 
two chutes into which they drop. In falling down 
these chutes into a container, they pass a photo-cell, 
which operates a flap when a pre-determined number 
have been delivered and this diverts the stream into 
a second container. As regards the electronic arrange- 
ments, the pulses from the photo-cell, caused by 

‘ the passage of the nuts are fed into a “shaping ” 
circuit, so that the distortion due to the effect of the 
holes and any irregularities in the nuts is smoothed out. 
The single pulses are then passed into sealing circuits, 
which can be adjusted to give one output pulse for 
any pre-determined number of input pulses from the 
shaping circuit. On the arrival of the last pulse in the 
series, which corresponds to the number of nuts that 
have passed the photo-cell, the plate mentioned above 
is electromagnetically operated and the stream of nuts 
diverted. The machine is capable of delivering ten 
gross of objects per minute, the number discharged into 
each box being pre-determinable over an unlimited 
range. Plug-in units are used throughout so that 
maintenance and replacement by unskilled personnel 
are easy. 





CONTRACTS. 


Messrs. METAL SEcTIONS LiurreD, Oldbury, Bir- 
minghaim, a subsidiary of Messrs. TUBE INVESTMENTS 
LIMITED, have secured an order from the Bombay 
Provincial Government for 225 sets of prefabricated 
omnibus skeleton components. These consist of stan- 
dardised steel tubes, prefabricated steel and aluminium- 
alloy sections and sheet-metal parts. 


MESSRS. VICKERS-ARMSTRONGS LIMITED, Vickers 
Heuse, Broadway, London, S.W.1, have contracted to 
build a twin-screw turbine passenger steamer, of about 
14,590 gross tons, for Messrs. Furness, Withy and Com- 
pany, Limited, Leadenhall-street, London, E.C.3. The 
vessel, which is designed to carry 440 passengers in one 
class accommodation, will be built at the Naval Yard, 
Newcastle-upon-Tyne. The company’s marine engineering 
department at Barrow-in-Furness will supply the 
machinery. 


MESSRS. ASSOCIATED BRITISH OIL ENGINES, LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
S.W.1, have received an order from the Sadiq Vegetable 
Ghee and Allied Industries, Limited, Pakistan, for five 
Diesel-electric generating sets. Each set will comprise 
a six-cylinder superscavenge two-stroke ““SS6” Diesel 
engine developing 576 b.h.p. at 600 r.p.m., manufactured 
by Messrs. PETTERS LIMITED, Falcon Works, Lough- 
borough, coupled to an alternator of the salient-pole 
protected single-pedestal bearing type, developing 350 kW 
at 400/440 volts three-phase 50 cycles, built by the 
BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, 
Loughborough. 





*“* BULLETIN OF LABORATORY PRACTICE IN ELECTRICAL 
ENGINEERING.”—In January, 1948, all universities and 
colleges dealing with electrical engineering work of 
degree or Higher National Certificate standard received 
an invitation from Dr. J. E. Myers, principal of the 
Manchester College of Technology, to participate in a 
scheme for the “* more effective interchange of information 
on teaching and laboratory practice in engineering.” 
The essence of this scheme was that it should provide a 
medium whereby developments pioneered by individual 
members of the staff and individual colleges might be 
made available throughout the country. The results 
of this appeal, which have been most encouraging, are 
to be found in the first issue of the Bulletin of Electrical 
Engineering Laboratory Practice. Its further success, 
however, necessarily depends on the co-operation of 
those whom it is intended to serve. Its protagonists 
therefore hope that all concerned wil] suppert it by 
submitting contributions. 





BOOKS RECEIVED. 


Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on the 23rd January, 1948, 
at London Bridge Station (Southern Region, British 
Railways). H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 1s. net.] 

The Royal Society Empire Scientific Conference. June to 
July, 1946. Report. In two volumes. The Royal 
Society, Burlington House, Piccadilly, London, W.1. 
[Price 42s. net the two volumes. ] 

Science News. VIII. Edited by J. L. CRAMMER. 
Penguin Books, Limited, West Drayton, Middlesex. 
[Price 1s. 6d. net.] 

Centenary of the Irish Mail, 1848 t0 1948. By V. STEWART 
HarRaM. Regional Press Office, London Midland 
Region, The Railway Executive, Eversholt-street, 
London, N.W.1. [Price 2s. 6d.] 

Mechanics and Applied Heat, with Electrotechnics. A 
Textbook for Engineers. By S. H. MOORFIELD and 
H.H. WinsTanLtEY. Second edition. Edward Arnold 
aod Company, 41 and 43, Maddox-street, London, W.1. 
[Price 7s. 6d. Also published without Electro.echnics 
at 6s.] 

La Machine Locomotive. Manuel Pratique Donnant la 
Description des Organes et du Fonctionnement de la 
Locomotive & V’ Usage des Mécaniciens et des Chauffeurs. 
By Epovarp SavvVAGE and ANDRE CHAPELON. Tenth 
edition. Librairie Polytechnique Ch. Béranger, 15, 
rue des Saints-Péres, Paris (VIe). [Price 950 francs.] 

Atoms, Electrons and Rays. By JOHN ROWLAND. 
Paul Elek Publishers, Limited, 38, Hatton-garden, 
London, E.C.1. [Price 4s. 6d. net.] 

Eleventh Annual Proceedings of the Railway Fuel and 
Traveling Engineers’ Association, 1947. The Railway 
Fuel and Traveling Engineers’ Association, 327, South 
La Salle-street, Chicago 4, Illinois, U.S.A. 

** Mechanical World’? Monographs. No. 46. Heat 
Convection from Finned Tubes. By E. HARRISON. 
Emmott and Company, Limited, 31, King-street West, 
Manchester 3. [Price 2s. 6d. net.] 

Plasticity in Engineering. By F. K. TH. VAN ITERSON. 
Blackie and Son, Limited, 66, Chandos-place, London, 
W.C.2. [Price 8s. 6d. net.] 

The Directory of Quarries, Clayworks, Sand and Gravel Pits, 
etc., 1948. The Quarry Managers’ Journal Limited, 
Salisbury Square House, off Fleet-street, London, 
E.C.4. [Price 10s. 6d. net.] 

The Anglo-American Year Book, 1948. Editor: PHYLLIS 
TURNER. American Chamber of Commerce in London, 
7, York Buildings, Adelphi, London, W.C.2. [Price 
15s. net.] 

The Somerset and Dorset Railway. By D. S. BARRIE 
and C. R. CLINKER. The Oakwood Press, Tanglewood, 
South Godstone, Surrey. [Price 7s. net, paper cevers ; 
8s. 6d. net, cloth bound.] 

Model Railways for the Beginner. Part IV. An Intro- 
duction to Real Scale Railway Modelling. By ERNEST F. 
CaRTER. Percival Marshall and Company, Limited, 
23, Great Queen-street, London, W.C.2. [Price 3s. 
net.] 

Richard Sutcliffe. The Pioneer of Underground Belt 
Conveying. By R. J. Sutcuirre and Epwarp D. 
SvuTcLiFFE. Richard Suteliffe Limited, 235, Vauxhall 
Bridge-road, London, S.W.1. [Free to approved 
applicants. ] 

Lancashire Boiler and Economiser Defects and Repairs. 
By SYDNEY D. Scorer. John D. Troup, Limited, 
99, High Holborn, London, W.C.1. [Price 6s8., post 
free.] 

Neuere Anwendung der Unterfangungsbauweise im 
Tunnel- und Stollenbau. By Dr.-Inc. Kari WIEDE- 
MANN. Third edition. Wilhelm Ernst und Sohn, 
Hohenzollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 4:20 R.M.] 

Universal Directory of Railway Officials and Railway Year 
Book, 1948-1949. Compiled under the direction of 
the Editor of The Railway Gazette. The Directory 
Publishing Company, Limited, 33, Tothill-street, 
London, 8.W.1. [Price 30s.] 

Technical Descriptive Geometry. By PROFESSOR B. 
LEIGHTON WELLMAN. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 4 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 24s.] 

Mechanics of Machinery. By Proressor C. W. Ham and 
E. J. CRANE. Third edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 5 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 30s.] 

Electronic Engineering. [Electronic Devices and Their 
Applications. General Editor: E. MoLLoy. George 
Newnes Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 5s. net.] 

Architects’, Builders’ and Civil Engineers’ Reference Book, 
1948. Editorial Panel: EVELYN Drury, F. E. 
Drury and A. C. PaLtLor. George Newnes Limited, 
Tower House, Southampton-street, Strand, London, 
'W.C.2. [Price 52s. 6d. net.] 


antes 


PERSONAL. 


MAJOR-GENERAL A. W. SPROULL, C.B., C.B.E,, 
F.C.G.1., B.Sc. (Eng.), M.I.Mech.E., Past-President of 
the Junior Institution of Engineers, has left the Ministry 
of Supply and has been appointed a director of the 
British Photographic Industries, Limited, Fulbourne. 
road, London, E.17. 


Mr. T. S. Pick, B.Sc. (Eng.), M.I.E.E., formerly 
substation engineer, has been appointed Electrica} 
Engineer in the department of the Chief Engineer, 
London Transport Executive, 55, Broadway, London, 
S.W.1. Mr. Pick will be responsible to the Chief Engineer 
for the whole of the electrical generation and distribution 
systems of London Transport. 


Mr. G. R. WHITE, acting managing director of Messrs, 
Duple Motor Bodies, Limited, Edgware-road, London, 
N.W.9, has been made managing director. Mr. C, ¢, 
BaILeEY, works manager of Messrs. Leyland Motor, 
Limited, has accepted the position of director and 
general manager to Messrs. Duple. ~ 

Mr. GEORGE ORTON, until recently chief public rela- 
tions officer, West Region, British Railways, has now 
taken up his duties as public relations officer to the 
Road Transport Executive. 

Mr. K. BEDWARD, M.I.Mar.E., has been appointed 
works superintendent and chief engineer at the College 
of Technology, Manchester. 

Mr. ARTHUR Dyson, M.I.C.E., has retired from hig 
position as joint managing director of Messrs. Horseley 
Bridge and Thomas Piggott, Limited, Tipton, Stafford- 
shire, to which he was appointed in 1928. He will remain 
a member of the board and will continue to act in a 
consultative capacity. Mr. J. W. BAILLig, F.C.L1.S., will 
in future, act as sole managing director to the company. 

Mr. K. J. McKILyop, secretary of the Water Tube 
Boiler Makers’ Association, 14, Old-square, Lincoln’s Inn, 
London, W.C.2, has been appointed director of the 
Association, with effect from August 1. 

Mr. R. B. DEELEY has been appointed a director of 
Messrs. Lightalloys, Limited, Willesden, London, N “W.10, 

Mr. H. N. Epwarps has been appointed assistant 
managing director, and Mr. A. T. CHEESLEY a director, of 
the Metropolitan-Cammell Carriage and Wagon Company, 
Limited, Saltley, Birmingham, 8, and their subsidiary 
company, the Patent Shaft and Axletree Company, 
Limited, Wednesbury, South Staffordshire. 

Mr. PETER S. Avis, M.C., M.J.I.E., is retiring from his 
position with Messrs. Edgar Allen and Company, Limited, 
Imperial Steelworks, Sheffield, after 30 years’ service. 

Mr. JoHN Houston, M.I.Mar.E., has resigned his 
position as maintenance engineer with Messrs. John 
Readhead and Sons, Limited, South Shields, and has 
taken up an appointment as development engincer with 
Messrs. Venesta, Limited, Silvertown, London, E.16. 
““The recently-formed INTERNATIONAL ROAD FEDERA- 
TION has opened offices at 18, South-street, London, W.1, 
which will serve the European and Eastern region of the 
federation. Mr. B. O. Masst has been appointed director 
and Lrevut.-Cot. K. E. Boome, assistant director. The 
federation will promote the construction, maintenance 
and use of roads, and the development of road transport 
throughout the world ; and will co-ordinate, on an inter- 
national level, the work of existing road organisations. | 


MEssks. KUSTON AND HORNSBY, LIMITED, Lincoln, 
announce that their northern region office was trans- 
ferred to more commodious premises at 42, Bothwell- 
street, Glasgow, C.2, on July 26. (Telephone: Central 
7906. Telegrams: Ruston Glasgow). The Glasgow 
branch of their associate firm, Messrs. Davey, Paxman 
and Company, Limited, will remain at 54, Bothwell- 
street, for the present. 

THE PRINTING, PACKAGING AND ALLIED TRADES 
RESEARCH ASSOCIATION have removed to the new 
laboratories at Leatherhead and, as from August 10, 
their address will be Patra House, Randall-road, Leather- 
head, Surrey. (Telephone: Leatherhead 4041.) The 
library, now at Leatherhead, has resumed its loan 
services. 

The Westinghouse Ticket Machine Company, 
Limited, has been re-named WESTINGHOUSE GARRARD 
TICKET MACHINES LIMITED, in consequence of arrange- 
ments whereby the company will be provided with new 
capital by the Westinghouse Brake and Signal Company, 
Limited, York-way, London, N.1, and the Garrard 
Engineering and Manufacturing Company, Limited, 
Swindon. As from July 1, the Westinghouse-Garrard 
Company has undertaken the design, development and 
selling of ticket machines and has taken over the interests 
of the Westinghouse Brake and Signal Company in these 
machines. 


Messrs. REYNOLDS LIGHT ALLOYS, LIMITED, are 
transferring their purchasing-office organisation to the 
company’s works at Studley-road, Redditch, Worcester- 
shire, with effect from August 9. The purchasing depart- 
ment has previously operated from the head office at 





Tyseley, Birmingham, 11. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—There was a fairly general re-start at 
West of Scotland steelworks last week, the output on 
the first day exceeding even the most optimistic expecta- 
tions. Some of the essential repairs proved too extensive 
for completion in time for the resumption, but the pro- 
portion of plant unable to start-up through this cause was 
relatively small. An opportunity was taken during the 
holidays to improve the raw-material position, and the 
progress made has ensured a satisfactory supply of heavy- 
steel scrap and iron ore for the immediate future. These 
factors have improved the prospects of record-breaking 
steel outputs from Scotland this year. Re-rollers and 
sheetmakers also made a good re-start, but the supply 
position for billets and bars is less satisfactory. A quan- 
tity of scrap material in round form suitable for utilisa- 
tion in the old type of re-heating furnaces has been 
available to augment billet supplies, but no square- 
section material for modern push-bar furnaces has come 
forward. Sheetmakers have very well-filled order books, 
and current delivery quotations are in the second half 
of Period 4, while a percentage of orders has been booked 
already for delivery well into 1949. 

Scottish Coal.— All pits on holiday during the Glasgow 
“ Fair ’’ resumed on the appointed day last week, but 
the output showed no improvement on that of a year ago, 
with attendances averaging some 75 per cent. of possible. 
The good weather last week resulted in continued high 
absenteeism, and outputs were considerably affected. 
Coke-ovens had some difficulty in maintaining maximum 
throughputs, but sufficient supplies were secured. Con- 
sumer stocks are generally better than those of a year 
ago. Gas and electricity stocks are some 50 per cent. 
higher, iron and steel works almost 300 per cent., other 
industries about 50 per cent., and engineering groups 
2 per cent.; railway stocks are more than double, while 
merchants’ stocks of housecoal and anthracite fuel are 
75 per cent. higher. Coal loadings at East Coast ports 
were curtailed by the reduced colliery outputs, and only 
moderate tonnages were shipped to Eire, Sweden, Finland, 
and Denmark. Numerous inquiries circulating in the 
export trade included 12,000 tons for the Danish State 
Railways, while Swedish buyers were in the market for a 
considerable tonnage of gas coke, a small quantity being 
shipped last week. After an initial shipment of 1,000 
tons of duff, pearls, and singles from Leith to Germany 
last week, further business has been under negotiation. 
The anthracite position is fairly satisfactory, and a 
quantity of large and sized sorts has been shipped to 
London, while orders for large and gum have been booked 
for the Continent. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

Welsh Coal Trade.—In a final message on relinquishing 
his position as chairman of the South Western Divisional 
Coal Board, General Sir Reade Godwin-Austen referred 
to the improving record of the Division and gave some 
interesting facts and figures. The output of saleable coal 
in the Division in the first six months of this year was 
11,868,531 tons, compared with 11,210,060 tons in the 
same period of last year, an increase of 5-9 percent. The 
output per man-shift worked rose over the same period 
from 15-7 cwt. to 16-4 cwt., or 4-5 per cent., while the 
loss incurred by the Division dropped from 5,084,0001. 
in the first half of 1947 to 3,706,0001. Exports rose by 
836,000 tons. or 121 per cent., to 1,526,000 tons. The 
Divisional Coal Board confirmed during the past week 
that they had purchased the 50-roomed Ystrad Fawr 
house, at Ystradmynach for conversion to offices for the 
No. 5 (Rbymney Valley) area administrative staff. At 
present the staffs are spread over a very wide area, due to 
lack of office accommodation. Operations on the Welsh 
steam-coal market throughout the past week have 
remained very difficult, owing to the lack of coals. 
Holidays at various pits severely affected outputs, with 
the result that operators on the market found it difficult 
to arrange business; and the indications were that 
conditions would remain difficult for some time. Exports 
to Spain were on active lines, while trading with Portugal 
and South America was on steady lines, but there was no 
improvement in the French and Italian trades, both of 
which remained practically at a standstill. Home 
requirements were heavy and all the better sorts were 
almost wholly disposed of in this section. Cokes and 
patent fuels were busy. 

Swansea Steel-Sheet Industry—The market report 
issued last week by the Incorporated Swansea Exchange 
states that the demand for tinplate was again very strong 
and that the difficulties of customers in placing new 
business continued, mainly owing to the manufacturers 
having their order books for the present quarter well 
filled. Steel sheets are again in demand and the makers 
are being asked for increased supplies. The urgent 
demand for iron and steel scrap continued unabated. In 
the export market, sales were somewhat less plentiful 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A resumption of production at steel 
and engineering works has been made after the week’s 
annual holiday and the Bank Holiday break; much 
maintenance work has been carried out during the 
holidays. Plans have been made for intensive production 
from now on to the Christmas break. Sheffield steel- 
makers are to apply a new steel-making process due to the 
scientists of the British Iron and Steel Research Associa- 
tion in co-operation with the staff of a Leeds steel foundry. 
One Sheftield firm is installing the necessary plant for the 
process by which the air blast in side-blown Bessemer 
converters is enriched with oxygen. All railway-material 
departments are heavily booked, as well as the forges and 
foundries supplying castings and forgings to British 
Railways. Many months’ work is on the books of 
colliery-engineering concerns, and the engineering works 
producing American-type machinery for opencast coal 
sites. 

South Yorkshire Coal Trade.—Supplies of coal are short 
as a result of the annual pit holidays and the Bank Holiday 
break. Prior arrangements permitted railways to receive 
ample locomotive hards for holiday train traffic. Some 
curtailment has had to be made in allocations of coal for 
shipment abroad and for the coastwise traffic. The 
demand for coking coal has been supplied ; house coal 
is very quiet. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage output of iron 
and steel remains at a high level but the imminence of the 
customary annual holidays is reducing the pressure for 
immediate delivery of several commodities. The slacken- 
ing of activity at the steelworks, usual at this period of 
the year, has checked the drain on reserve supplies of 
pig irun, and while the change may be of only short 
duration the movement is very welcome. Pig-iron stocks 
had shrunk almost to vanishing point, but now supplies 
—except so far as ordinary foundry quality is concerned 
—not only meet consumers’ current requirements but are 
sufticient to permit some re-stocking of empty storage 
yards. Uncertainty, however, is felt concerning pros- 
pects regarding raw materials. Imports of high-grade 
overseas iron ores are maintained on a substantial scale 
and include large quantities from India, but the output 
of Cleveland ironstone is still on a disappointing scale. 
Fuel supplies are fairly satisfactory but larger parcels of 
both coal and coke would be very acceptable. Adequate 
quantities of limestone are moving steadily into use. The 
demand for maximum deliveries of iron and steel scrap is 
slightly less acute than of late, but the absorption of the 
distributable tonnage over the second half of the year 
seems assured. 

Foundry and Rasic Iron.—There is no abatement in the 
demand for ordinary foundry pig iron for use at North- 
East Coast works. Almost the whole of the tonnage 
coming forward is from the Midland producing area, and 
sellers are making every effort to provide regular deliveries 
from that source. Basic-iron manufacturers are deliver- 
ing the whole of their output to their own consuming 
departments, and the supply is sufficient for essential 
needs. 

Hematite, Low-Phosphorus and Refined Iron.—KEast 
Coast hematite makers have more distributable tonnage 
than has been the case for some time and are able to 
cover their customers’ needs; outputs of low- and 
medium-phosphorus grades of iron are also adequate 
and refined iron is in ample supply. 


Manufactured Iron and Steel.—Firms turning out semi- 
finished and finished iron commodities are busy and 
have contracts to carry out that will keep them actively 
engaged until the issue of delivery allocations over the 
last quarter of the year; bookings for the various 
descriptions of steel are as extensive as circumstances 
justify. Some easing of the semi-finished steel situation 
can be reported, though users are not yet obtaining all the 
material they require. Imports from Belgium, the 
United States and Canada show improvement, but re- 
rollers are still largely dependent on the supply of home 
products. Larger parcels of billets and sheet bars than 
are coming forward are being called for and slabs are not 
very plentiful. In the finished branches of industry, 
producers of shipbuilding requisites, railway material, 
colliery equipment, joists and sections, have heavy com- 
mitment» but are dealing creditably with their delivery 
obligations. 








RaDAR FOR TILBURY-GRAVESEND FERRY.—Radar 
equipment is being installed at the Riverside Station of 
the Tilbury-Gravesend ferry by the London Midland 
Region, British Railways, to improve navigation in 
foggy weather. An operator in the shore station will 
observe the screen, and will communicate by radio- 
telephony with the masters of the ferry steamers, who 





than in the previous week. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—-West London Branch: Tuesday, August 10, 7.30 p.m., 
Town Hall, King-street, Hammersmith, W.6. ‘“‘ The 
Maintenance of Factory Electrical Equipment,” by Mr. A. 
Carpenter. North-East London Branch: Thursday, 
August 12, 8 p.m., Lacey Hall, Hazelwood-lane, Palmers 
Green, N.13. ‘‘ Cable Fault Locating,” by Mr. H. E. 
Tickner. Crewe Branch: Friday, August 13, 7 p.m., 
Crewe Arms Hotel, Crewe. Discussion on ‘‘ Present-Day 
Technical Training of Electrical Apprentices,’’ opened by 
Mr. M. MacMaster. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ ZAMBEZIA.”’—Twin-screw passenger and cargo 
vessel, built by Messrs. Ardrossan Dockyard, Limited, 
Ardrossan, for the Companhia Nacional de Navegagao, 
Lisbon. Main dimensions ; 270 ft. by 43 ft. by 25 ft. 9 in. ; 
deadweight capacity, about 1,800 tons on a load draught 
of 15 ft. Two eight-cylinder engines, together developing 
2,500 b.h.p., and giving a speed of about 14 knots, 
constructed by Messrs. British Polar Engines, Limited, 
Govan, Glasgow. Launch, July 7. 

M.S. “ PoLuRRIAN.’’—Single-screw coaster built by 
Messrs. Philip and Son, Limited, Dartmouth, for Messrs. 
Coastal Freighters, Limited, 9, Vaughan-parade, Torquay. 
Main dimensions: 130 ft. by 25 ft. by 10 ft. 9 in.; 
deadweight capacity, 429 tons. Five-cylinder Diesel 
engine of 350 b.h.p., constructed by Messrs. Crossley 
Brothers, Limited, Manchester, 11, givipg a trial speed 
of 10-3 knots. Trial trip, July 21. 

M.S. “ HIBERNIA.”—Twin-screw cross-channel vessel, 
carrying about 2,000 passengers, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
Holyhead-Dun Laoghaire service of British Railways. 
Main dimensions: 397 ft. by 54 ft. by 19 ft. 6 in. to main 
deck ; gross tonnage, about 5,200. Two eight-cylinder 
trunk-type two-stroke single-acting Harland-B. and W. 
Diesel engines. Speed 21 knots. Launch, July 22. 

S.S. “* Vireris.”—Single-screw cargo vessel, built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for the Rederi A /B Virginia (Mr. O. M. Thore), 
Helsingborg, Sweden. Main dimensions: 310 ft. by 
46 ft. 10 in. by 27 ft. 10}in.; deadweight capacity, about 
3,500 tons on a draught of 19 ft. Triple-expansion engines 
constructed by Messrs. George Clark (1938), Limited, 
Sunderland, with two oil-fired boilers, to give a service 
speed of 12 knots. Launch, July 22. 

M.S. ‘“‘ ELEONORA MAERSK.”—Single-screw tanker 
built by the Furness Shipbuilding Company, Limited, 
Haverton Hill-on-Tees, to the order of Messrs. A. P. 
Moller, Copenhagen. Second of three. Main dimensions : 
523 ft. by 67 ft. 6 in. by 36 ft. 5 in. to upper deck ; dead- 
weight capacity, 16,600 tons on a draught of about 29 ft. 
Six-cylinder single-acting two-cycle Diesel engine of 
4,850 b.h.p., to give a trial speed of about 134 knots, 
constructed by Messrs. Burmeister and Wain, Copen- 
hagen, and installed by the shipbuilders. Launch, 
July 22. 

8.S. “ Lorn RowALLan.”’—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Ouse Shipbuild- 
ing Yard, Selby, for the Lord Line, Limited, Hull. Main 
dimensions: 175 ft. by 30 ft. 6 in. by 16 ft. Triple- 
expansion engines constructed by Messrs. C. D. Holmes 
and Company, Limited, Hull. Launch, July 23. 





SLIDING-RooF LORRIES AND TRAILERS.—The London 
Midland Region of British Railways have decided to 
extend the use of a type of sliding roof for lorries and 
trailers which has been found satisfactory on five road 
trailers equipped before the war. The sliding roof is on 
ball runners and opens the rear half of the roof when 
moved to the front. Thus, the lorry or trailer can be 
loaded by crane. It is stated that “as and when new 
machines become available, this method may be extended 
in preference to the use of loose tarpaulin sheets and 
sticks.” 





CENTENARY OF BARON VON E6tvés.—The centenary 
of the birth of Baron Roland von Eétvés, to which refer- 
ence was made on pages 522 and 545 of the previous vol- 
ume of ENGINEERING, is being celebrated at the Science 
Museum, South Kensington, London, S.W.7, by a small 
collection illustrative of his work. This will remain on view 
until September. Among the contributions of von E6tvés 
to science were his geodetic researches, particularly in the 
variations of gravity from place to place. For this purpose 
he invented an exceedingly sensitive torsional balance, 
which. has been applied successfully to.the search for 
minerals, and particularly for prospecting geological 
structures containing an accumulation of oil. He died 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are ged to “‘ ENGINEERING,” Ltd. 
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Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
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vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

ings of “Appointments Open,” ‘“‘ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to ll 
Proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE COUNCIL ON 
PRODUCTIVITY. 


Frew Ministerial proposals have aroused more 
mixed feelings than that of Sir Stafford Cripps, 
to set up what is officially described as a joint 
Anglo-U.S. Council on Productivity. The inten- 
tion was first disclosed by Sir Stafford in the 
course of a Press conference which he held in 
Paris, and it had been commented on widely by 
newspapers of all shades of opinion before he made 
his statement upon it te the House of Commons 
on July 28. He then said that the scheme originated 
in an offer by Mr. Hoffman, the United States 
administrator for Marshall Aid, “‘to place at the 
disposal of European industry the experience of 
United States industry on questions of production.” 
He had assured Mr. Hoffman, Sir Stafford continued, 
that Britain would be the first to welcome this 
initiative, and therefore, before leaving for Paris, 
he had put the matter to the National Production 
Advisory Council for Industry. It was discussed in 
due course by the General Council of the Trades 
Union Congress and by the Grand Council of the 
Federation of British Industry. Both of these 
bodies, we may add, while agreeing that greater 
productivity was a desirable aim, appeared to be 
in some little doubt as to how the proposed new 
Anglo-American liaison could promote that object. 

Somewhat to his surprise, as it would seem, Sir 
Stafford found himself the target of numerous 
highly critical questions from all parts of the House, 
and, at very short notice, became engaged to submit 
the matter to a fuller debate, which took place on 
the following day. It was opened by Mr. Oliver 
Lyttelton, who criticised the scheme with all the 
first-hand knowledge of a prominent industrialist 
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he said, that the statement by the Chancellor of the 
Exchequer had aroused keen anxiety, much of which 
was caused by the fact that the House did not know 
what he really intended—possibly because Sir 
Stafford did not know this himself. “‘ The really 
vital question,” said Mr. Lyttelton, “is, what are the 
objects of this Anglo-American Council, and what 
are the terms of reference?” Were the Council 
really to range over the whole field of British and 
United States industry ?—because, if so, they could 
only deal with the subject on the broadest lines, and 
they must perforce reach conclusions which were 
already well known before they started the inquiry. 

There were four or five fundamental problems, 
Mr. Oliver Lyttelton continued, which were well 
understood to be fundamental to the future of 
British industry. The first was the problem of 
raw materials; one of the most critical questions 
which faced the British industrialist every day was 
how to ensure a free flow of raw materials, without 
which no efficient production was attainable. The 
second problem was the price of coal ; as an export- 
ing country, the chief business of which was to 
buy raw materials from other countries and work 
them up into manufactured goods, Britain would 
be in a precarious position by the end of 1948 if 
this most important of raw materials continued to 
cost 438. a ton at the pithead. Then there was the 
problem of those industries—a small number, he 
thought—which were not so well equipped mechani- 
cally as their foreign competitors. If it was desired 
to carry further the modernisation of industry, the 
right way to do so was to give industrialists the 
chance to re-equip, by reducing the rate of taxation 
on profits retained in a business. 

Another matter which any committee investi- 
gating British industry would be bound to consider 
was that of restrictive practices. He did not think 
that, under present conditions, restrictive practices 
on the employers’ side were a serious bar to indus- 
trial production, if only because present conditions 
tended rather to induce efforts towards greater 
productivity ; but no inquiry on a broad scale 
into British industry could avoid a discussion of 
restrictive practices, especially the restrictions 
upon a man’s output, by hand and brain, imposed 
by trade unions and trade-union rules. These 
restrictions, introduced in the past as a protection 
against unemployment, were completely unsuited 
to the economic position of the present day. Was 
it suggested that American trade-unionists should 
advise Britain on how trade-union relations with 
industry should be conducted? Then there was 
the present penal rate of taxation ; it was impossible 
to have buoyant industrial production while the 
country was taxed so heavily—the penal taxation 
of the successful, in particular, was inducing a 
more lethargic attitude towards hard work, risk 
and enterprise than Britain had ever seen before. 
Finally, there was the effect upon industrial pro- 
duction of the nationalisation of common services. 
The Lord President of the Council (Mr. Herbert 
Morrison) had said that 80 per cent. of the industries 
of the country would be left to private enterprise ; 
but that 80 per cent. had to rely upon public 
enterprise for coal, electricity and transport—and 
soon, for gas and, if the Government had their 
way, for iron and steel. 

These were the broad conclusions, said Mr. 
Lyttelton, which any council, such as that envi- 
saged, were bound to reach, and upon which they 
were bound to make recommendations. It might 
be that the Chancellor had not that type of council 
in mind, that he aimed merely to increase the 
exchange of technical information ; if so, it must be 
emphasised that no such discussions could be satis- 
factory unless the arrangements were truly reci- 
procal—and that could not be carried out by a 
committee of a dozen American experts. He 
scouted the idea that British industry was inefficient, 
and could only rise to a position of efficiency by 
American advice (an idea which Sir Stafford 
promptly denied having put forward); and he 
objected once more to the indefinite nature of the 
proposals and “the rather magisterial attitude ” 
adopted towards British industry. 
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Sir Stafford Cripps, replying to a debate of some- 
what varied quality, declared that, after he had 
‘put the matter as a suggestion to both sides of 
industry,” both sides “thought that it would be a 
good thing if I were to accept in general terms the 
offer of Mr. Hoffman, by saying that we would be 
quite prepared to have members of both sides of 
American industry over here to sit with our indus- 
try, both for the purpose of getting information 
generally and for discussing the question as to 
whether and in what way the Americans could help 
us in this question of productivity.” It was 
not the intention of the Council, he went on, to 
carry Out a broad investigation of British industry. 
‘That is not its purpose, nor is it such a body as 
would be capable of suggesting to two particular 
industries the particular ways in which they could 
or could not, perhaps, improve their efficiency. 
What it can do is to discuss whether there are 
ways, and what those ways might be—by a greater 
exchange of technical literature, by an exchange of 
technicians, and by many other methods—by which 
particular industries in this country could derive 
benefit from this co-operation with their American 
colleagues.” 

We have made these fairly lengthy verbatim 
quotations from Sr. Stafford’s speech because it is 
desirable that his intentions should be stated in his 
own words. They constitute a more precise indica- 
tion of the objects of the proposed Council than any 
of his other pronouncements on the matter; but, 
the more they are examined, the less impressive does 
their precision appear. In fact, it seems all too 
evident that Sir Stafford himself, as Mr. Lyttelton 
asserted in effect, had not sufficiently clarified his 
own ideas, or considered in detail the mechanism by 
which the inquiry would have to be conducted and 
the influence of its functioning upon the form (and 
the value) of the eventual product. Somewhere 
behind all the arguments and explanations and 
denials there is, we feel sure, a motive of the highest 
excellence ; inspired by the utmost altruism but, 
unfortunately, not sufficiently tempered by the more 
worldly wisdom that the industrialist acquires by 
hard experience—knowing that, if he does not 
acquire it, he will soon cease to be an industrialist. 

Granting the initial altruism, however, it is diffi- 
cult to escape the impression that Sir Stafford Cripps 
was adroitly—or, perhaps, subconsciously—shift- 
ing his ground under the cross-fire of criticism which 
his proposal aroused. If British industry were 
patently in a state of exuberant vitality, it is safe 
to say, such a proposition never would have been 
mooted ; therefore there must have been an under- 
lying assumption that it was in a state of at least 
partial depression which conceivably might be 
improved by the injection of new ideas, to be 
obtained by the study of American methods. What 
appears not to have been sufficiently appreciated, 
however, is that the origins and the course of 
development of American industry are fundament- 
ally different from those of British industry. The 
differences may be historical, political, geographical, 
racial, climatic or merely those of temperament, in 
varying degree, but unquestionably they are 
fundamental. Without going so far as to declare 
unequivocal opposition to the proposal, we do 
find difficulty in seeing what material good can 
result, on a scale that will make any real difference 
in British industrial production. Sir Stafford 
instanced the 18 reports of his “‘ working parties ” 
on various industries as ‘“ conclusive ” evidence of 
the way in which Britain can learn from America ; 
but no very conclusive evidence has been forth- 
coming as yet that the working parties have done 
any more good to the respective industries than the 
industries themselves might have accomplished 
if they had been left to their own devices, and if some 
of the wholly artificial obstacles had been removed 
from their path. History points to the conclusion 
that almost anyone could be a dictator, given a 
sufficiently free hand, but it takes a good man to 
clean up the mess afterwards. British industry 
has been suffering for a decade from what a patent 
agent might call a “ plurality ” of dictators. Merely 
identifying them will not clean up the mess, but 
this, it would seem, is about all that the Anglo- 
American Council on Productivity can be expected 
to do. 


THE CONTROL OF NON- 
INDUSTRIAL PEAK LOADS. 


Ir is common knowledge that the British elec- 
tricity supply industry is now faced with two major 
problems. The first of these is how to ensure a 
supply of the coal, by which 98 per cent. of the 
generation is effected, in adequate quantities and 
of the right qualities; otherwise there is a risk 
that the breakdown of February, 1947, will be 
repeated. At the moment, the best that can be 
said in this respect is that conditions are favourable. 
It must be pointed out, however, that consumption 
during the first six months of this year was nearly 
8 per cent. higher than in the corresponding period 
of 1947; and that if industry generally is not to 
suffer a set back, any attempt drastically to check 
this increase would be unwise. The weather, as 
load curves show, is also a factor in the situation. 

The other problem is how to meet an estimated 
peak demand of 11,680 MW with generating plant, 
the capacity of which does not exceed 10,550 MW. 
Last winter, this deficiency was dealt with to some 
extent by what is inelegantly known as “ stagger- 
ing” the industrial load; and by an intensive 
publicity campaign the object of which was to reduce 
both industrial and non-industrial consumptions at 
certain times. The success of this campaign is 
shown by the fact that it was only necessary to 
shed load on 61 days during 1947-48, compared 
with 82 days in 1946-47. Satisfaction with this 
result, however, is greatly modified when it is 
recalled that the winter of 1947-48 was'very mild 
and that of 1946-47 unusually severe. As, again, 
this gap of over 1,000 MW cannot be bridged by 
imposing further restrictions on industrial output, 
some way of reducing the non-industrial load at 
peak times has had to be found. To decide how this 
was to be done was by no means easy; and a 
committee was therefore appointed by the Minister 
of Fuel and Power in February, 1948, under the 
chairmanship of Sir Andrew Clow, to examine the 
practicability of installing instruments by which 
maximum demand_and consumption could be con- 
trolled at different times of the day; and the 
possibility of securing a reduction in peak demand 
by these means, or by alterations in the tariffs. 

The report* of this committee, which was pub- 
lished last week, shows not only the hampering 
effect of the narrow terms of reference, but a certain 
confusion of aim. It is remarked somewhat plain- 
tively that the committee were reminded frequently 
by witnesses of the desirability of alleviating the 
present situation by an expansion of generating 
plant rather than by a restriction of demand. 
This, however, was not one of the questions with 
which they were asked to deal. This is a pity, 
since the more often stress is laid upon this phase 
of the matter, the sooner is the shortage likely to be 
relieved. On the other hand, fortunately for them- 
selves, the committee were not asked to examine 
the possibility of any formal scheme of rationing. 
It is to be hoped, in fact, that that policy has been 
consigned to some dusty pigeon-hole in the Ministry 
of Fuel and Power from which it will never be 
withdrawn. 

Discussing possible methods of dealing with the 
peak-load problem by restriction of demand, the 
report describes the various instruments, such as 
maximum-demand meters, change-over switches, 
load limiters, time switches and central control 
switches, which could be made available for this 
purpose. It points out, however, that the cost of 
these varies from 3/. to 251. at the present prices, 
while there would be additional charges for their 
installation. On the other hand, the committee do 
not say what the total charge on the industry, that 
is, on the consumer, would be ; how long it would 
take to produce the necessary apparatus ; or what 
hampering effect its manufacture would have on 
the national economy. They content themselves 
with remarking that no instrument is available 
for measuring or controlling the domestic con- 
sumption of electricity at peak periods, which 





* Report of the Commitice to Study the Electricity Peak 
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would justify itself even as a short-term measure, 
They add, however, that they are convinced that 
the potentialities of central control for dealing with 
the peak-load problem should be thoroughly ex. 
plored. All this indicates a fatalistic attitude 
to the situation, which goes beyond even present 
needs. It seems, in fact, to postulate that in 
future the peak-load problem, which has always 
been one of the concomitants of electricity supply, 
should be dealt with,not by providing generating plant 
of sufficient capacity to deal with it, but by restrict. 
ing the demands of individual consumers or, at the 
very least, the times of day at which those demands 
are made. If this is intended and implemented, 
the result would be an almost complete reversal of the 
policy which was pursued so energetically before the 
war ; and a great reduction in the freedom both of 
the consumer and the industry itself. It is surely not 
being too optimistic to insist that, given peace, the 
present situation is only temporary. Any expedi- 
ents that are adopted to meet it should, therefore, 
also be temporary. 

It must be added in fairness that the Committee 
probably also incline to this view, although this does 
not clearly appear, unless rather more is read into 
the report than is actually printed. At any rate, 
having produced a great deal of evidence about 
possible, if not practicable, methods of control they 
then go on to deal with the question of tariffs at 
some length; and to point out that the electrical 
requirements of a large proportion of the non-indus- 
trial consumers are so small that the provision of any 
device for controlling their demand, however inex- 
pensive, would not be justified. Thus, 5,000,000 
consumers in the year 1945 took less than 450 kWh 
each and produced an annual revenue of less than 
4l.each. They therefore recommend that the situa- 
tion should be met by substituting throughout the 
year a relatively higher winter rate and a relatively 
lower summer rate for a uniform running charge, 
as is in fact already done in some districts. They 
hope that this proposal, which has been accepted by 
the Minister of Fuel and Power as being the only 
one which requires no additional equipment and 
which can affect the domestic demand next winter, 
will, if associated with vigorous publicity, make a 
real contribution to the reduction of the peak load. 

The only comment that can be made upon this 
pronouncement is that it remains to be seen whether 
any reduction will be obtained by such a modification 
of tariffs; and, if it is obtained, how much that 
reduction will be. As is pointed out in the report 
itself, the response of the demand for electricity to 
changes in price is difficult to assess. There might 
be little or no effect, in the same way as the in- 
creased taxes on tobacco have had little effect in 
reducing the consumption of that commodity. 
Moreover, even if the new prices are arranged so 
that the effect is profound it by no means follows 
that the reduction will take place at times of peak 
load and to the extent that it does not so take place 
pit will fail of its object. The crux of the situation 
lies, in our opinion, in the occasional space heating 
load. It is well known that the use of electric fires 
in the morning, at the same time as that at which 
factory plant is being started, is the main cause of 
the morning peak in the winter ; and is difficult to 
predict owing to the uncertainty of the weather. 
Appeals to discontinue this practice are likely to 
fail under present domestic conditions, since often 
the only alternatives are to light a coal fire or to 
sit in a cold room. The consumer may therefore 
argue that he is doing all that is required of him 
if he reduces his consumption by such an amount 
that his expenditure remains the same as before ; and 
that as long as he does this he should be left to 
decide at what time during the day that reduction 
shall take place. If that is the general view, and it 
is likely to be increasingly common the colder the 
winter, the suggested remedy may have little effect 
on the situation. Another factor is that the public 
are becoming more and more “ heat-minded ” and 
it is hardly likely that the proposed increase in 
price, which it is rumoured will be of the order of 
30 per cent., will do much to counteract that atti- 
tude. If that is the case, it will certainly require & 
good deal of vigorous publicity to overcome it. The 
fact remains, however, that the only real solution is 





the provision of more generating plant. 
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NOTES. 


InTER-SERVICE METALLURGICAL RESEARCH 
CouncIiL. 


Ir is announced that the Admiralty and the 
Ministry of Supply have set up an Inter-Service 
Metallurgical Research Council to advise them on 
metallurgical problems of importance to the 
Services. It is felt that the formation of this 
Council will facilitate the interchange of ideas on 
metallurgical problems common to the different 
Services and, at the same time, prevent overlapping 
between their research programmes. It should 
also ensure that balance is maintained between 
fundamental and ad hoc research, and encourage a 
start on the long-term investigations necessary for 
the provision of new alloys. The new Council 
includes representatives of the Admiralty and the 
Ministry of Supply, as well as a number of indepen- 
dent members, among whom are Professor L. 
Aitchison, professor of industrial metallurgy, 
University of Birmingham, who will act as chair- 
man; Professor E. N. da C. Andrade, Quain 
professor of physics, University College, London ; 
and Professor G. Wesley Austin, Goldsmith’s 
professor Of metallurgy, Cambridge University. 
Other members are Mr. G. L. Bailey, director of the 
British Non-Ferrous Metals Research Association ; 
Dr. R. W. Bailey, Metropolitan-Vickers Electrical 
Company, Limited; Mr. H. H. Burton, English 
Steel Corporation ; Dr. W. Hume-Rothery, Oxford 
University ; Dr. H. Moore; Mr. A. J. Murphy, 
Messrs. J. Stone and Company, Limited ; Mr. D. A. 
Oliver, B.S.A. Group; Dr. C. J. Smithells, British 
Aluminium Company, Limited; Dr. C. Sykes, 
Brown-Firth Research Laboratory; and Dr. 
W. H. J. Vernon, Chemical Research Laboratory. 
The secretary is Mr. A. H. Waterfield, of the Ministry 
of Supply. 


CENTENARY OF BERZELIUS. 


On August 7 occurs the centenary of the death 
of Baron Jéns Jakob Berzelius, who, in the days of 
Davy, Dalton, Avogadro, Chevreul, Wohler, Liebig 
and Dumas, occupied an outstanding place among 
European chemists. He was honoured in his life- 
time by heads of States and scientific societies, and 
on the occasion of the centenary of his birth in 
1779, a monument to him was unveiled at his 
birthplace in East Gothland, Sweden. His statue 
stands in the King’s Garden, Stockholm, the city 
in which he spent the last 40 years of his life. 
The son of a schoolmaster, in 1796 he became a 
student of medicine at Uppsala University, but was 
attracted to the study of chemistry. In 1798, he 
became assistant to the medical superintendent at 
Medevi, his first contribution to chemical literature 
being a paper on the mineral waters of that place, 
written in collaboration with Gustav Ekeberg 
(1767-1813), one of his teachers at Uppsala. Gradu- 
ating at his old university in 1804, he accepted a 
post at Stockholm, where, in 1808, he was elected 
a member of the Swedish Academy of Science, 
becoming president in 1810 and perpetual secretary 
in 1818. As such, he was able to devote himself 
entirely to original investigation, his small labora- 
tory becoming as famous in its day as were after- 
wards those at Giessen and Heidelberg. Among 
those who placed themselves under Berzelius was 
Friedrich Wohler, who wrote of his experiences, in 
1823, that ‘‘ The laboratory consisted of two ordi- 
nary rooms, furnished in the simplest possible way ; 
there were no furnaces or draught places, neither 
gas or water supply. In one of the rooms were 
two common deal tables ; at one of these Berzelius 
worked, the other was intended for me. On the 
walls were a few cupboards for reagents; in the 
middle was a mercury trough, while the glass- 
blower’s lamp stood on the hearth. In addition there 
was a sink with an earthenware cistern and tap 
standing over a wooden tub, where the despotic 
Anna, the cook, had daily to clean the apparatus.” 
In the other room were the balances and instru- 
ments, and in the kitchen was a “‘ never-cool sand 
bath.” Berzelius was still a bachelor in those days, 
and depended much on the worthy Anna. Berzelius, 
wrote Sir Edward Thorpe, was distinguished as an 
experimenter, a discoverer, critic and interpreter, 





and as a law giver. The great work of his life was 
that on the atomic weights of the elements, en- 
hancing the value of the labours of Dalton and 
furnishing chemists with a set of constants ascer- 
tained with the highest exactitude then possible. 
As a discoverer he first made known the existence 
of cerium, selenium and thorium, and he isolated 
silicon, zirconium and tantalum. To him are due 
the terms isomerism, metamerism, polymerism and 
catalysis. His text-books, reports, etc., are monu- 
ments to his industry. In 1833, when 54 years of 
age, Berzelius married, an event which led the 
King of Sweden to write to him that ‘“‘ Sweden and 
the whole world were debtors to the man whose 
entire life had been devoted to pursuits as useful 
to all as they were glorious to his native country.” 
Two years later, Berzelius was raised to the peerage, 
and, in 1836, the Royal Society awarded him the 
famous Copley Medal for his “‘ Systematic Appli- 
cation of the Doctrine of Definite Proportions to the 
Analysis of Mineral Bodies.” 


THe 23rd ANNUAL ASLIB CONFERENCE. 


An attractive programme, which should be of 
particular interest to those concerned with the 
operation of information departments, has been 
arranged for the 23rd annual conference of Aslib, 
which will be held at Ashorne Hill, near Leamington 
Spa, from September 17 to 19. The subject of 
information departments is introduced by the first 
item, a “‘ Symposium on Training of the Information 
Officer,” which will be opened by contributions from 
Mr. B. Fullman, Mr. J. S. P. Paton, and Mr. F. G. B. 
Hutchings. The second item, a paper by Professor 
Bernal, entitled ‘The Significance to Special 
Librarians and Information Officers of the Royal 
Society’s Scientific Information Conference,” clearly 
bears on the same subject, while a later paper, 
“Press Cuttings,” by Mr. Eric Smythe, may be 
presumed to concern those whose duty it is to collect 
and classify items of information. Three papers 
deal with the question of book reviews and it appears 
probable, from the professional activities of at least 
two of the authors, that the matter will largely be 
dealt with from the point of view of technical and 
scientific works, in which the information depart- 
ments of research organisations and commercial 
firms are necessarily interested. Papers bearing the 
title ‘‘ The Art and Technique of Book Reviewing,” 
are to be presented by Dr. Hugh A. Clegg and 
Mr. R. Brightman, and a third, entitled ‘‘ The Value 
of Reviews in Information Work,” by Mr. R. L. 
Collison. In the field of book publication, Lieut.- 
Col. Sir Cuthbert Whitaker will contribute a paper 
on ‘The History and Compilation of Whitaker’s 
Almanack.” The final series of papers concerns the 
subject of international collaboration, of which 
much is now heard but which, in the political sphere 
at least, is not always actively practised. Papers 
will be presented by Mr. E. J. Carter, Dr. 8S. R. 
Ranganathan, Dr. P. Bourgeois, and Mr. B. Agard 
Evans, under the title “‘ Practical Applications of 
International Collaboration in Documentation.” 
Further information may be obtained from Aslib, 
52, Bloomsbury-street, London, W.C.1. 


REORGANISATION OF THE CABLE MAKERS’ 
ASSOCIATION. 


It is announced that the constituent sections of 
the Cable Makers’ Association, High Holborn House, 
52, High Holborn, London, W.C.1, which deal with 
particular branches of manufacture, have been 
established as autonomous manufacturers’ associa- 
tions. These associations will be affiliated to the 
Cable Makers’ Association and each will deal directly 
with all commercial and technical matters falling 
within its ambit. Thus the commercial activities 
which were formerly undertaken by the Cable 
Makers’ Association will be discharged in future by 
affiliated manufacturers’ associations, the chief of 
which are the Mains Cable Manufacturers’ Associa- 
tion (M.C.M.A.) with Mr. H. E. Helwig as chairman 
and Mr. S. H. Robinson as secretary; the Mains 
Cable Manufacturers’ Association (Super Tension) 
(M.C.M.A.(S.T.)) with the same chairman and 
secretary; and the Rubber and Thermoplastic 
Cable Manufacturers’ Association (R.C.M.A.), of 
which Mr. B. Keywood is chairman and Mr. H. A. 
Parrott secretary. The offices of these new bodies 
will also be at 52, High Holborn, London, W.C.1. 





The Cable Makers’ Association will continue to deal 
with research, standardisation, listing and certifica- 
tion of members’ products, industrial relationships, 
education and training of personnel, co-operation 
with kindred associations and questions of policy. 
The present chairman is Mr. P. V. Hunter, and 
the Director is Sir John Dalton. Mr. E. H. Wale 
has been appointed secretary in succession to Mr. 
W. G. Stiles. 


Tue Newcomen Society. 


The Newcomen Society, the declared object of 
which is ‘‘ to encourage the study of the history of 
engineering and industrial technology in all parts of 
the world,” has in prospect for the 1948-49 session 
a syllabus of papers, etc., which well sustains that 
purpose. At the opening meeting, on Wednesday, 
October 6, Mr. H. P. Spratt, B.Sc., will give a paper 
on “‘ The Origin of Transatlantic Steam Navigation, 
1819-1833.” On November 3, following the annual 
general meeting, there will be a paper by Mr. T. H. 
Davies, giving ‘“‘ Some Account of Locked-Coil and 
Flattened-Strand Wire Ropes.” At subsequent 
meetings (all to be held on Wednesdays) the papers 
to be presented are as follows: on December 8, 
‘“‘ The Site of Newcomen’s Wolverhampton Engine,” 
by Mr. W. C. Henderson, B.Sc., and ‘‘ John Smith 
of Coven, Engineer (1827-79),” by Mr. David H. 
Tew, M.A.; on January 12, 1949, ‘“‘ Trevithick, 
Raistrick and the Hazledine Foundry, Bridgnorth,” 
by Mr. S. Morley Tonkin ; on February 9, “ Early 
Railways in Derbyshire,” by Mr. B. Baxter; on 
March 9, ‘‘ Colliery Tramroads in Northumberland,” 
by Mr. Charles E. Lee, F.R.S.A.; and on April 13, 
** Norfolk Windmills—Part 1, Cornmills,” by Mr. 
Rex Wailes, M.I.Mech.E. The times and places of 
these meetings will be announced in our “ Notices of 
Meetings” column in due course. The summer 
meeting is to be held in Holland, towards the end of 
May or in June. This will be the first occasion on 
which the Society has gone outside England for a 
summer meeting ; although various invitations to do 
so have been received from members on the Con- 
tinent from time to time, difficulties of travel and 
foreign exchange have prevented their realisation 
hitherto. Inquiries regarding the Society and its 
programme may be addressed to the assistant secre- 
tary (Miss G. Bingham, O.B.E.) at 43, King’s-road, 
Chelsea, London, S.W.3 (Telephone SLOane 8883). 


MATHEMATICAL TABLES FOR SCIENCE AND 
INDUSTRY. 


In this country, as in various others, the compila- 
tion and publication of mathematical tables has 
depended greatly on private enterprise, and much 
valuable work of this kind has been done in the past 
by the British Association through the agency of its 
Mathematical Tables Committee. The task is a 
heavy one, however, and tends to increase in magni- 
tude, so that there is the possibility that important 
investigations in physics, chemistry, engineering, 
mathematics and in special branches of industry 
may be retarded by the lack of the requisite tables. 
We are informed by the Royal Society that, for this 
reason, and on the invitation of the British Associa- 
tion, the Council of the Royal Society have decided 
to take over this work and have formed a special 
Royal Society Mathematical Tables Committee to 
continue and extend it. Suggestions are invited, 
therefore, from industrial research groups, individual 
investigators, and from Service departments relating 
to the needs of their respective fields ; and assistance 
may be given by advice on the best way to produce 
the desired tables, by an undertaking to produce 
them under the auspices of the Royal Society, or, in 
exceptional cases, by a grant towards the cost of 
tabulation or publication. Inquiries should be 
addressed to the assistant secretary, the Royal 
Society, Burlington House, London, W.1. 





LIVERPOOL METALLURGICAL SocieTY.—The first meet- 
ing of the newly-formed Liverpool Metallurgical Society 
will be held at 7 p.m. on Thursday, October 7, in the 
rooms of the Liverpool Engineering Society, 9, The 
Temple, Dale-street, Liverpool, when Professor J. H. 
Andrew, D.Sc., will deliver an address entitled ‘‘ New 
Lamps for Old.”” The programme of subsequent meetings, 
which will be held at approximately monthly intervals, 
may be obtained from the honorary secretary, Mr.C.W.J. 
Gellatley, 7, Woolacombe-road, Liverpool, 16. (Tele- 
phone : Childwall 1992.) 
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LETTER TO THE EDITOR. 


SOME LESSER-KNOWN TRACTION 
ENGINES. 
To THe Eprror oF ENGINEERING. 

Sir,—Having read with great interest Mr. Ronald 
H. Clark’s article on traction engines by the lesser- 
known builders, on pages 529 and 553 of your issues 
of June 4 and 11, respectively, I should like to 
make a few comments and additions. 

Messrs. A. H. Allen and Company, the successors 
to W. Allchin and Company, of Northampton, have 
informed me that the last traction engine built by 
Allchins was completed in September, 1925. The 
Engineer of May 13, 1864, contains a good engraving 
of a Brown and May 8-h.p. two-speed four-shaft 
traction engine with a platform in front of the 
smokebox for the steersman. The drive was by 
chain from the second shaft to a shaft under the 
boiler and thence by another chain to the rear axle. 

Messrs. Davey, Paxman and Company, Colchester, 
ceased to build traction engines in 1916. Although 
Fodens, Limited, discontinued the building of 
traction engines in any numbers about 1907, they 
did continue to build odd engines to satisfy old 
customers ; the last one was as late as 1919. 

I was not aware that Mann and Charlesworth 
had used the Joy gear; but in 1895 they were using 
a single-eccentric valve gear, reversed on the same 
principle as the old Dodds ‘“‘ wedge’ motion, but 
without the “* wedge.” 

Messrs. Clayton and Shuttleworth, of Lincoln, 
used the Joy gear on some compound traction 
engines, built between 1900 and 1909, and one of 
these is still in existence at Thame, Oxfordshire. 

Two firms not mentioned by Messrs. Clark may 
be briefly mentioned. Tuxford and Sons, Skirbeck 
Ironworks, Boston, built a varied assortment of 
traction engines between about 1857 and 1876, but 
only the 1876 design resembled an orthodox traction 
engine in appearance. The firm closed down in 
1880. 


The Durham and North Yorkshire Steam Culti- 
vating Company, of North Bridge Engine Works, 
Ripon, built a few traction engines, and The Engineer 
of December 5, 1879, illustrates one of their 6-h.p. 

i The same journal for August 26, 1881, 
illustrates and describes a 7-h.p. engine with the 
front wheels coupled by chain to the rear axle, an 
early example of four-wheel drive. 

The Waterloo Ironworks of W. Tasker and Sons, 
at Andover, mentioned by Mr. R. H. Parsons and 
Mr. W. Duckitt in their letters, were established in 
1813. The last traction engine built there was in 
1927. 

In view of the fact that traction engines are now 
more or less things of the past and are becoming 
rarer each year, no doubt it will be of interest to 
your readers to know that a 7-h.p. agricultural 
traction engine was constructed as recently as 1944 
by Messrs. W. Foster and Company, Limited, 
Wellington Foundry, Lincoln, to the order of the 
Butterley Company, of Ripley, Derbyshire. 


Yours faithfully, 
8, Springfield-road, R. ABporr. 
Old Botley, Oxford. 
July 31, 1948. 





SLoY TRANSMISSION SCHEME.—The Secretary of State 
for Scotland (the Rt. Hon. A. Woodburn, M.P.) has con- 
firmed the North of Scotland Hydro-Electric Board’s 
Sloy Transmission Lines Scheme (Constructional Scheme 
No. 5). This provides for the erection of transmission 
lines to link up the station at Inveruglas on the west 
side of Loch Lomond with those of the British Electricity 
Authority near Drumchapel, Dumbarton. 

BRITISH EQUIPMENT FOR THE HAGUE TRAMWAYS.—To 
increase the capacity of the Hague Tramways (N.V. 
Gemengd Bedrijf Haagsche Tramweg Maatschappij), 
sixteen tramcars are being built in Holland. The 
traction motors for these cars, however, are to be supplied 
by Messrs. Crompton Parkinson, Limited, Astor House, 
Aldwych, London, W.C.2, the wheels and axles by Messrs. 
J. Baker and Bessemer, Limited, Brinsworth Works, 
Rotherham, and the air-brake equipment by the Westing- 
house Brake and Signal Company, Limited, 82, York-way, 
King’s Cross, London, N.1. Each car, which weighs 
nearly two tons, will be fitted with four 62-b.p. motors 
and will be capable of hauling two trailers. 





THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 


(Continued from page 41.) 

THE technical sessions of the Second International 
Conference on Soil Mechanics, held at Rotterdam 
between June 22 and 29, were six in number, 
there being morning and afternoon sessions on 
each of the three days, June 23, 24 and 25. Each 
session began with a short lecture, lasting about 
half an hour, on some topic of interest to students 
of soil mechanics, especially in relation to the 
Netherlands ; these lectures, which were illustrated 
by di » films or lantern slides, were not 
discussed. After a formal vote of thanks to the 
lecturer, the meeting then proceeded to discuss 
some one or more of the ten sections into which the 
main subject had been divided, the reporter for 
each section (the reports having been previously 
circulated) opening the discussion with a brief 
summary. As the five volumes of papers which 
were available at the Conference contain more than 
350 separate contributions, and a number of others 
were received too late for inclusion in these 
volumes, we cannot hope to refer to them individu- 
ally in the present report; the most that can be 
attempted is a condensed version of the several 
summaries—already severely compressed by the 
efforts of the editorial committee of the Conference, 
consisting of Professor Ir. N. Nanninga, Ir. E. C. W. 
A. Geuze, and Ir. A. W. Koppejan, with Ir. G. A. 


Oosterholt as secretary. It deserves to be recorded | P’ 


that their collective knowledge of English—the 
official language, though many of the contributors 
to the discussions spoke in French—proved to be 


almost as remarkable as their industry in producing | P’ 


five large volumes, averaging some 330 pages each. 

The introductory lecture at the first technical 
session, on the morning of June 23, was delivered by 
Professor Ir. P. P. Jansen, and described ‘‘ The 
Closing of the Gaps in the Dikes of Walcheren.” 
It was followed by a discussion on Sections IV, V 
and X (on earth construction, earth pressure and 
ground water, respectively), for which the reporters 
were Professors A. E. Bretting and F. Mogensen 
(Denmark). 


CLOSING THE DrkES aT WALCHEREN. 


The dikes protecting the island of Walcheren, said 
Professor Jansen, were breached by the Royal Air 
Force in October, 1944, four gaps being made; 
these were at Westkapelle, on the western tip of 
the island, at Veere, on its north-eastern side, and 
at Nolle and Rammekens, on the south, and through 
them the sea flooded practically the whole of the 
island. Walcheren was recovered from the Germans 
in the following month and the work of closing the 
breaches began immediately. The flooded area was 
divided by the banks of the canal from Flushing to 
Veere, about 35,000 acres of inundation being to 
the north and west, flooded from Nolle, Westkapelle 
and Veere, while about 5,000 acres to the south-east 
was flooded through the gap at Rammekens. A 
detailed study of the site was undertaken in the 
hydraulics laboratory at Delft and a plan of opera- 
tions worked out, under which the Nolle gap was 
to be closed first, by building a new dike outside 
the old one. This was done, and the gap was 
finally closed, after much difficulty and some storm 
damage, by the use of pumped clay, fascine mat- 
tresses, a number of “ beetles ”’—concrete dumb 
barges originally intended to support floating 
bridges in the invasion of Normandy—and a large 
pontoon. Work proceeded simultaneously at West- 
kapelle, using a somewhat similar technique, supple- 
mented in this case by ‘‘ Phoenix ”’ concrete cais- 
sons, of the type which formed the Mulberry Harbour 
breakwater. At Veere, the final closure was effected 
by sinking concrete barges, ballasted with clay, the 
“plug” being then reinforced by dumping clay 
and pumping sand to build up the repaired dike to 
the necessary cross-section to resist seepage and 
consequent scour. The sealing of the dikes round 
the northern part of the island was completed by 
the end of October, 1945. Though the area flooded 
through the Rammekens gap was so much less 
than in the northern part, the breach proved to be 
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the most difficult to close. New dikes were built out 
from both sides and an attempt made to close the 
opening between their ends by sinking two small 
vessels, a pontoon and a Phoenix caisson ; but the 
caisson did not rest squarely on the bottom and 
soon became undermined by scour, so that it sank 
and a new breach was formed. Eventually, fascine 
mattresses, weighted with stones, were sunk at the 
gap, and another Phoenix caisson was placed firmly 
on top of the mattresses. Torpedo nets at the ends 
of the caisson provided a foundation for clay filling, 
and the breach was eventually closed early in 
February, 1946. Pumping continued, to consolidate 
the repairs, but there were no further breaches, and 
the draining of the inundated areas proceeded 
without interruption. 


STABILITY AND DEFORMATION OF EARTH 
CONSTRUCTION. 


Section IV was subdivided into four parts, dealing, 
respectively, with highway and railway embank- 
ments, dams and levees, excavations and slopes, 
and a ‘“ Miscellaneous” heading, in which the 
principal contribution was a paper by Mr. W. J. 
Turnbull (U.S.A.) on the use of loess as a construc- 
tion material. The most important subsections 
were those on dams and levees, containing 14 papers, 
and excavations and slopes, with 16 papers. Mr. 
A. W. Bishop (England), in a study of the stability 
of a dam for the Walton reservoir, on the tertiary 
London clay, found that the uppermost layers of 
clay had such a small cohesion that stability was 
only secured when the consolidation of the clay 
roceeded concurrently with the construction of the 
bank, which had to be regulated accordingly. Two 
Australian papers (by Mr. A. Rufenacht and Mr. 
R. C. Clarke) discussed the evaluation of pore-water 
ressure, on the basis of empirical assumptions ; 
but Professor Bretting doubted whether the method 
proposed by Mr. Rufenacht, based on the consolida- 
tion theory of Terzaghi and Frohlich, could give a 
correct result. Several American contributors also 
dealt with pore-water pressures arising during the 
construction of earth dams. One of them, Mr. J. W. 
Hilf, evolved a relatively simple theory which took 
into consideration the air in the voids. He stated, 
on the basis of field measurements, that fluid pres- 
sures of some magnitude could develop in an un- 
saturated rolled earth dam during construction and, 
by a combination of Boyle’s Law for the compression 
of air with Henry’s Law for the solubility of air in 
water, he found the increase in air pressure after 
consolidation, assuming no drainage. Mr. F. C. 
Walker and Mr. W. W. Daehn (U.S.A.) reviewed the 
development over ten years of apparatus for mea- 
suring pore-water pressure and described an applica- 
tion of a piezometer for this purpose, giving actual 
measurements from several dams. Mr. R. R. 
Proctor, however, who contributed two papers based 
on experience with 21 earth-fill dams maintained 
by the city of Los Angeles, while stressing the 
importance of pore-water pressure, apparently 
thought it unnecessary to take into account the 
absorption by the water of air in the voids. 

A summary was also given of a paper by Mr. 
James G. Patrick ; this paper, apparently, was not 
included in any of the five volumes. Mr. Patrick 
employed the theory of elasticity for the analysis 
of stability, dividing the dam into horizontal layers 
and finding, by superposition, the total stresses in 
the foundation ground. These stresses he compared 
with the strength of the soil and thence drew a curve 
for the variable factor of safety. The reporter 
suggested that this criterion deserved further 
investigation, but pointed out that, even for homo- 
geneous cohesive soils, an even distribution of shear- 
ing stresses in the sliding surface could not be pre- 
sumed ; stiff clays would often give way under 
mean stresses which were considerably less than 
laboratory tests might indicate. In a synopsis of 
the first two subsections of Section IV, Professor 
Bretting accepted the view that the air in the voids 
should be taken into consideration, and thought that 
the regular measurement of pore-water pressure 
during construction and in service would probably 
become standard practice, at least for the more 
important dams. In a further reference to Mr. 
Patrick’s use of the elastic theory, he suggested as 
a topic for discussion the question whether or not 








_— 


OS DO he bee 


CRP & @ FR co .* 








ENGINEERING. 





137 





AuG. 6, 1948. 





the value of the shearing strength of the soil might 
be exceeded at any single point in the foundation of 
a dam. 

In the subsection on ‘‘ Excavations and Slopes,” 
several cases were reported of flow slides in loose 
sand. One of these, described by Mr. W. H. Ward 
(England), who also presented two other papers in 
Section IV, occurred on the seaward side of Castle 
Hill, Newhaven, Sussex. At this point, alternate 
layers of fine yellow sand and soft clay were super- 
imposed on a bed of firm Thanet sand, lying on top 
of the chalk cliff. The yellow sand, when saturated 
by heavy rainfalls, flowed out and over the cliff- 
edge, carrying much heavier material with it in 
the form of mud. The flow of mud pushed several 
buildings over and exploded mines on the beach. 
Remedial measures adopted included the damming 
of the sand gulleys, drainage of the saturated layers, 
and the sealing of ditches, etc., which might lead 
water into the sand. These measures proved 
successful. Flow slides on a much greater scale 
were described by Ir. A. W. Koppejan, Ir. B. M. 
van Wamelen and Ir. L. J. H. Weinberg (Nether- 
lands). These occurred in the province of Zeeland 
and elsewhere in Holland ; they amounted in some 
cases to several million cubic metres, and proceeded 
at the rate of 50 m. per hour. In the investigation 
of these slides, the critical density of the fine sand 
was determined by laboratory tests, when it was 
found that, for increasing values of the shearing 
stress, the sand first decreased and then increased 
in volume. The turning point of the curve located 
the critical density at which a shear stress caused 
a considerable decrease in volume, with consequent 
collapse of the structure of the sand, increased pore- 
water pressure, and reduction of the effective 
friction. It was concluded that sands with an angle 
of internal friction less than 37 deg. had a density 
below the critical value. 

Slides in fissured clay were the subject of two 
papers by English members of the conference, 
these being Mr. F. L. Cassel and Professor A. W. 
Skempton. Mr. Cassel described three slips in 
cuttings, all of which occurred between 1944 and 
1946, the cuttings being, respectively, 40, 70 and 
44 years old. He emphasised that tests on undis- 
turbed samples did not provide sufficient information 
for the estimation of factors of safety in stiff fissured 
clays. Shear tests on saturated samples at zero 
pressure might do so, though this remained to be 
proved ; but construction based on values obtained 
in this way would be “ very expensive and quite 
uneconomic.” As practically all cuttings in such 
clays were potentially liable to deterioration and 
possibly failure, economic considerations enforced 
more customary methods. Cases had occurred of 
slips as long as 90 years after construction and, as 
few railway cuttings were more than 100 years old, 
it was not possible to say that, under less favourable 
ground-water conditions, the limit of time had been 
reached. Professor Skempton, in his paper, endea- 
voured to establish a time scale for the softening 
of the clay in the fissures. In London clay, he 
observed, an inclination of about 10 deg. was the 
steepest found in natural slopes, and he suggested 
that this might represent the limiting value for very 
long periods of time. The essential information for 
a solution of the problem included the original 
strength, the fully softened strength, the average 
strength at failure, the time interval between con- 
struction and failure, and the depth of the slip 
surface; and he suggested that the systematic 
collection of such data, on as wide a scale as possible, 
would prove of considerable value to the civil 
engineer. 

Ir. T. K. Huizinga, Director of the Soil Mechanics 
Laboratory at Delft and secretary of the Conference, 
contributed to Section IV a paper on ‘“‘ Two Failures 
with Cut-off Walls.” In the instances which he 
cited—one at Urk, where there was a pumping 
station to drain a dewatered area of the Ysselmeer, 
and the other in the Coen harbour at Amsterdam— 
it appeared that the elastic deformation of sheet-pile 
walls was the main cause of the failures. Similar 
experiences had been recorded elsewhere, in circum- 
stances which indicated that, when the cohesion of 
the clay was sufficiently high, the clay on the 
upstream side did not deform quickly enough to 
follow the deformation of the piling. Other papers 
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in this subsection included one by Mr. C. S. Proctor 
(U.S.A.), describing the use of underpinning and 
under-drainage to check earth slides and settle- 
ments at a cement plant, in conjunction with 
stringent measures to prevent percolation of storm 
water into the foundation ; and one by Mr. W. V. 
Binger (U.S.A.) on the well-known cases of the 
slides in the Culebra Cut, on the Panama Canal ; 
these, he stated, had increased the work of excava- 
ting the Canal by more than 50 million cubic yards. 
(To be continued.) 





METHOD OF CHECKING THE 
BALANCE OF HIGH-SPEED ROTORS. 


A meTHOpD of checking the dynamic balance of 
rapidly rotating bodies, which was evolved during the 
war for testing the rotors of gyroscopes incorporated in 
predictor ponsights, should find useful application to the 
testing of rapidly rotating parts of other apparatus. 
The application of the method to the testing of the 
mirror-bearing rotors of predictor gunsights, which 
was due to Messrs. Sykes and Robins of the Royal 
Aircraft Establishment, Farnborough, is illustrated 
by the attached sketch, which represents, diagram- 
matically, the apparatus built up for carrying out the 
test. When in position in the apparatus, the cir- 
cular mirror G is mounted for rotation about the 
rotor axis A,and a lens L, is provided to receive light 
trays from a filament F and focus them on to a portion 
of the mirror near its edge. After reflection from the 
mirror, the rays a through a lens L,, which forms 
an image of the filament at a pin-hole P. Rays from 
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the pin-hole are reflected, “in turn, by a mirror M,, 
the central portion of the mirror G and and a mirror 
M,, a lens L, being provided to produce an image 
of the pin-hole on a screen S. Movement of the 
mirror out of its normal plane due to dynamic unbal- 
ance of the gyroscope rotor results in the image on the 
screen S tracing an approximately circular path, the 
diameter of which gives a measure of the amplitude 
of the oscillation due to unbalance. 

In order to indicate the phase of oscillation, a small 
black arc is painted at the edge of the mirror G; and 
this has the effect of interrupting, once per revolution 
of the mirror G, the path of light from the filament F 
to the pin-hole P. As a result of this interruption, 
a small gap is caused in the trace on the screen S, the 
position of the gap giving an indication of the angular 
relation of the phase of oscillation to the datum repre- 
sent«i by the black area at the edge of the mirror. 
The Lensitivity of the arrangement is clearly a simple 
funcyion of the length of the optical arm from the 
oscillating mirror to the screen and the definition 
of the image oa the screen. No difficulty is found 
in balancing down to one minute total amplitude of 
minor oscillation. 

In applying the method to the testing of rotating 
bodies which do not normally bear mirrors (such as 
parts of electric motors, separating machines, etc.), 
rays from a light source may be focused upon a suitable 
bright portion of the rotating body and a small non- 
rotating mirror may be attached temporarily to the 
frame of the apparatus (or to any part which is subject 
to oscillation as a result of unbalance of the rotating 
body) to receive rays from the lens L, or its equivalent, 
occulation of the trace being achieved by the provision 
of a small non-reflecting area at a datum point on the 
bright portion of the rotating body. 








THREAD-ROLLING.—The Copper Development Asso- 
ciation state that threads rolled in copper and brass are 
superior to those which are cut, owing to superior grain 
flow and cold work. It is particularly suitable for the 





ends of thin-walled tubes. 


CORRECTING ALIGNMENT OF 
CURVED RAILWAY TRACK. 


Brrore the war, the permanent way of the United 
Kingdom was maintained in a very creditable state 
of efficiency. This was achieved not so much by 
mechanisation, as by the skilled work of the permanent- 
way men, who adopted systematic maintenance methods, 
such as measured-shovel packing. Furthermore, im- 
provements in the lay-out of the track, especially 
at junctions and curves, were carried out during the 
decade before the war to facilitate the running of high- 
speed trains. Mr. R. A. Riddles, C.B.E., M.1.Mech.£., 
in his presidential address* to the Junior Institution 
of Engineers last December, referred to the civil- 
engineering work which was a necessary prelude to the 
introduction of the “‘ Coronation Scot * on the London 
Midland and Scottish Railway in 1937. During the 
war, however, the main lines of this country could 
not be maintained at the pre-war standard, and even 
now there are still much arrears of maintenance. Trials 
are being carried out with a ballast-cleaning machine, 
which we described on page 33, ante, and a ballast- 
tamping machine, and the laying of pre-fabricated 
track is now general practice. 

As the condition of the permanent way is gradually 
restored to pre-war standards, and speed restrictions 
are raised and often abolished, it becomes increasingly 
important to ensure that the correct alignment of the 
track is preserved. The forces imparted to the track 
by passing trains, and the inequalities in the strength 
ot the bed at different points, cause distortion of the 
track from its original alignment, and this, in turn, 
increases the forces. A simple and rapid means of 
determining the amounts at different points by which 
a curved track must be slewed to restore it to its correct 
alignment is obviously important, and such a method 
has been developed by Mr. L. Bienfait, an inspector in 
the Northern Region of the French National Railways. 
It is described in the Monthly Bulletin of the Inter- 
national Railway Congress Association, vol. 25, page 376 
(1948), from which the following brief description has 
been extracted. The article by Mr. Bienfait originally 
appeared in the Revue Générale des Chemins de Fer. 
The apparatus used is known as the Mechanical- 
Diagram-Corrector, or ‘‘ Me-di-co,” and it has been 
adopted officially by the French National Railways for 
use on the whole of their permanent way. 

The Me-di-co is based on the following principle : 
consider a series of equidistant points along a curved 
track, and let the versines at each point be measured 
from the chord subtended by the two adjacent points ; 
then, if any one versine is altered by a certain amount 
(by slewing the track at that point), the versines of the 
points on each side will be altered half the amount 
in the opposite direction. For example, if a particular 
versine is increased by 1 in., each adjacent versine will 
be decreased by in. This rule is not mathematically 
exact, but it is sufficiently accurate for the present 
purpose in connection with railway curves of compara- 
tively large radii. It will thus be seen that it is not a 
straightforward matter to correct the alignment of a 
curved track, since the correction of one versine by 
slewing alters the adjacent versines, and when they, in 
turn, are corrected, the first-mentioned versine is 
again altered. The problem is more difficult to solve 
for transition curves, in which the radius of the curve 
decreases gradually from infinity on the straight to a 
minimum, which may be constant for part of the curve, 
and then increases until a straight, or perhaps a reverse 
curve, is reached. There are several methods of 
measuring the lay-out of a curved track which is 
mis-aligned, and of computing the corrections required 
to re-align it, but the Me-di-co shows the existing 
versines and facilitates the rapid estimation of the 
corrections. 

The apparatus consists of a metal box about 1 ft. 3 in. 
square and 2 in. deep, with 32 screwed shafts, all simi- 
lar and parallel to each other, passing through the box 
horizontally, each end of each shaft protruding for a 
short distance. Each screwed shaft carries a nut, and 
each nut supports a pointer which projects through a 
slot in the top of the box. Thus, when a shaft is 
rotated, the pointer moves along the slot, and by 
having graduations in inches or millimetres on each 
side of the slot,each pointer can be moved to represent 
a versine. With 32 shafts and pointers, 32 versines 
can be represented. The length of rail to be re-aligned 
is marked every, say, 10 metres ; the versines at each 
mark are measured and the appropriate pointer of the 
Me-di-co is adjusted aseeatinge. The regularity—or 
irregularity—of the curve can then be seen by observing 
the pointers. The versines are indicated full size by 
the pointers, which can be moved up to 200 mm. in a 
positive direction and 50 mm. in a negative direction. 

The pointers are set to represent the actual versines 
of the track in its existing alignment by turning the 
shafts with a loose crank-handle which fits on 
to a square end of each shaft. They are then 
adjusted until they show a smooth curve, indicating 








* See ENGINEERING, vol. 164, page 583 (1947). 
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suitable corrected versines; and to ensure that a 
movement of one pointer causes a movement of each 
adjacent pointer by half the amount in the opposite 
direction (as occurs when a track is slewed), the shafts 
are fitted with an arrangement of pinions and gears. 
Each shaft is provided at one end with a “ pinion ” or 
collar having teeth cut on its outer face to engage 
with a special crank-handle with corresponding teeth 
—after the manner of a dog-clutch ; and at the other 
end with a pinion having 30 teeth. The special handle 
is in the form of a 15-tooth pinion, in addition to its 
end-engaging teeth. The shafts are “‘ staggered,” so 
that, on one side of the Me-di-co box, there are, alter- 
nately, a 30-tooth pinion, a dog-clutch pinion, a 
30-tooth pinion ete. Thus, when the special 
crank-handle is slipped over the dog-clutch end of one 
shaft, and turned, it moves the corresponding pointer 
directly, and simultaneously moves the two adjacent 
pointers through half the amount in the opposite 
direction, owing to the 2:1 reduction of the pinions. 
This is exactly what is required to represent the effect 
of altering versines on the actual track. 

When the corrections have been carried out, and 
each pointer indicates the new versine to be applied 
to the corresponding point on the track, it is necessary 
to know by what amount each point on the track is 
to be slewed. The apparatus also indicates this, i.e., 
the net direct movement required at each point, inde- 
pendently of the indirect effect due to alteration in 
adjacent versines. A revolution counter is incor- 
porated in the box, above the dog-clutch end of each 
shaft. It is driven by the pinion of the special crank- 
handle through two other pinions, whenever the handle 
is used for turning the corresponding shaft; it is 
not driven when, for example, the handle is in use 
on the opposite end of an adjacent shaft and the 
pointer is being moved by a half amount. The ratio 
of the revolution-counter drive is such that it counts 
one when the pointer moves | mm. The counters can 
be set to zero, and will record in either direction, i.e.. to 
1, 2, 3, 4, ete., which indicates a positive movement, 
or to 9999, 9998, 9997, etc., which indicates a negative 
movement. 

The Me-di-co is quite simple to use. The counters 
are set to zero; the pointers are adjusted to represent 
the corresponding versines of the track, by means of 
the plain crank-handle (which does not alter the 
setting of adjacent pointers); the irregularity of 
the pointers is observed, and they are adjusted in 
groups of three, using the special crank-handle. When 
the adjustment is finished, the magnitude and direction 
of the slewing required at each point on the track is 
given directly by the revolution counters,and the 
ultimate required versines are shown by the pointers. 

It is stated that, by using the Me-di-co, the average 
amount of slewing required is reduced by about 
80 per cent., compared with the slewing that is neces- 
sary after obtaining the versines by calculation. The 
time required to arrive at a solution is also considerably 
reduced. Previously, a man might spend a whole day 
finding the solution to a 50-point curve, and selecting 
one of four or five solutions. With the apparatus, 
however, he could reach a solution in less than an hour. 
In this country the appsratus is known as the Matisa 
curve calculator. It is manufactured by Messrs 
Matériel Industriel, 8.A., Lausanne, Switzerland, and 
the agents are the Matisa Equipment Company, 58, 
Victoria-street, London, 8.W.1. 





ANNUALS AND REFERENCE BOOKS. 


Colliery Year Book, 1948.—As stated by the Rt. Hon. 
H. T. N. Gaitskell, M.P., C.B.E., in his foreword to 
the 1948 edition of the Colliery Year Book and Coal 
Trades Directory, the coal-mining industry has entered 
upon its second year of nationalisation and the events 
of the first year of State control have emphasised anew 
the fundamental importance of the industry in our 
national economy. With the object of making avail- 
able the most accurate information regarding the 
industry, the Year Book has been thoroughly revised 
and some new features introduced. Thus, statistical 
and other information concerning coking plants and 
blast furnaces which used to be in the book, but had 
to be excluded by considerations of space, have been 
re-introduced. In other respects, the contents of the 
volume are similar to those of the 1947 edition. They 
include lists of former colliery owners ; official sections 
dealing with the Ministry of Fuel and Power, the 
National Coal Board, and other Government depart- 
ments ; and institutions and associations interested in 
coal and coal products; tables of statistics relating to 
the coal resources, methods of working, and personnel 
of the United Kingdom and other coal-producing 
countries; a “ Who’s Who” in the coal-mining 
industry and a bibliography of periodical literature ; 
and directories of coal merchants, contractors, exporters 
and shippers, and gasworks and electricity supply 
undertakings in Great Britain. The book is published, 
price 25s. net, by the Louis Cassier Company, Limited, 
Dorset House, Stamford-street, London, 8.E.1. 





20-KVA GENERAL-PURPOSE SPOT 
WELDER. 


A GENERAL-PURPOSE spot welder with a rating of 
20 kVA has been recently designed by Messrs. Philips 
Electrical Limited, Century House, Shaftesbury- 
avenue, London, W.C.2, for small production runs and 
for mild-steel component assemblies, especially where 
the work does not necessitate the employment of com- 
pressed air. This machine, as will be seen from the 
accompanying illustration, is of all-welded construction 
and is 20 in. wide, 38} in. long and 46} in. high. It 
incorporates a transformer, which is housed in the upper 
part of the framework and has been specially construc- 
ted for heavy-duty work. The primary winding has been 
designed for connection to a 230-volt or 400-volt single- 
phase 50-cycle supply, while the secondary consists of 
a single turn giving a voltage range of 0-99 volt to 
2-17 volts. At these voltages, currents between 4,260 
amperes and 9,240 amperes can be obtained by means 
of a six-position tap-change switch. Control of the 
secondary current is effected through -a double-pole 
contactor, which is operated electromagnetically and 
— blow-out coils and an auxiliary interlock 
relay. 

Operation is by a pedal with a spring return, 
and by a trip switch which controls the supply of 














primary current to the transformer. This trip switch 
is adjustable, so that the welding time can be increased 
in conjunction with the pressure on the pedal giving an 
electrode pressure of between 50 Ib. and 300 Ib. on the 
welding tips. If required, a time-control unit can also 
be fitted. This consists of a timer of the condenser- 
discharge type with a range from 0-12 rec. to 4 seconds. 
Adjustment of the time is effected by a variable 
rheostat, which controls a Post Office type relay, in 
conjunction with a metal rectifier and resistance. 
The interval for which the timer is pre-set is indicated 
by a red pilot light on the control panel. 

Adjustment of the welding arrangements is effected 
by the use of hard-drawn copper secondary arms, 
the reverse ends of which are drilled to enable the 
welding stakes to be fitted, so that they are parallel. 
The arms are also arranged so that the electrode 
stakes can be offset 20 deg., and it is possible to 
fit the lower arm with adjustable arm castings. This 
facilitates welding in different positions. The effective 
range of these secondary arms is 18 in. 





TECHNICAL STATE SCHOLARSHIPS.— Revised regulations 
covering the grant of Technical State Scholarships have 
been issued by H.M. Stationery Office, as Statutory 
Instrument No. 1629, price 1d. These scholarships, of 
which there are 100, are for courses leading up to ap 
honours degree ard are available to British subjects, 
resident in England or Wales, who have either completed 
a course leading to the National Certificate or Diploma, 
or its equivalent; or have been in full or part-time 
attendance at an establishment for further education for 
not less than two years. Twenty of the scholarships 
will be available for candidates who are over the age 
of 20 and under the age of 26; and the remainder for 
those under 20 years of age. Grants towards tuition 
fees for the course, expenses of attendance and main- 
tenance for the academic year, may be made to the 
scholar. 
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CIVIL ENGINEERING AND THE 
EAST AFRICAN GROUNDNUTS 
SCHEME. 


A NUMBER of engineering problems which have arisen 
in connection with the East African groundnuts scheme, 
were described by Major-General D. Harrison in a 
paper read before the Conference on Civil Engineering 
Problems in the Colonies, which was held at the 
Institution of Civil Engineers on Tuesday, July 20. 
In broad terms this scheme, he said, called for the 
clearance of over 3,000,000 acres of virgin forest and 
bush in different areas of East and Central Africa. 
These areas were sparsely inhabited, ridden by tsetse 
fly, lacking in surface water, and to a large extent 
unexplored. The incidence of rainfall was a critical 
factor in the successful cultivation of groundnuts, 
particularly on a large scale by mechanical means, but 
only the most meagre records e&isted and these were of 
uncertain reliability. There was an immense variety 
of soil, much of it being so friable that there was 
immense risk of both wind and water erosion. The 
only link with the coast in the Central and Western 
provinces of Tanganyika, where two large areas were 
under development, was a single-line metre-gauge rail- 
way with heavy gradients leading to Dar-es-Salaam. 
In the southern province, where the bulk of the develop- 
ment is to be carried out, there is no port or rail- 
way; and only one earth road, which is impassable 
after heavy rains. From the engineering point of view 
the scheme therefore required the construction of a 
new port with deep-water berths and facilities for bulk 
handling, and the building of about 150 miles of railway 
and some thousands of miles of new roads. The water- 
supply problem would demand enormous effort and 
there was no natural source of power supply. The 
native labour was almost uneducated and certainly 
untrained as tradesmen. 

A site for a sheltered harbour had been selected at 
Mto Mtwara. This was about three sea miles long and 
1} miles across at the widest part. It was approached 
by a sea channel, about 14 sea miles long, the depth of 
which varied from 12 to 20 fathoms at low water, the 
minimum navigable width being 900 ft. The port 
works under construction, which had been designed to 
handle 500,000 tons of groundnuts annually and to 
import 300,000 tons of goods, exclusive of bulk oil, 
comprised a deep water quay, 1,200 ft. long, providing 
one bulk-loading berth and one general cargo berth for 
vessels drawing 32 ft. of water, as well as one berth for 
coastal steamers. A mass-concrete blockwall design 
had been adopted, the line of the face being sited to 
reduce the amount of dredging to a minimum. The 
foundation consisted of a rubble base with a minimum 
thickness of 5 ft. and the overlying blocks were of five 
types, the weight of which was limited to 50 tons. 
Following the construction of the wall, the area behind 
would be reclaimed 

As regards inland communication, the first task was 
the construction of a railway between Mto Mtwara and 
Nachingwea, which lay in the upper part of the valley 
of the Lukuledi river, where the climatic and soil 
conditions were very suitable for growing groundnuts. 
The route chosen for this railway followed the Lukuledi 
valley, and then crossed three ridges and three rivers to 
reach the coastal flats at Mikindani. The most formid- 
able barrier was the ridge between the Lukuledi and 
Mambi valleys, where it was found that the best 
gradient that could be obtained was one of 0 -6 per cent. 
compensated for curvature. On one section of 16 miles 
from Ruo to Kilidu the excavation and fill would total 
39 million cubic feet and there was also difficult country 
where the railway entered Sudi Bay, and where it ros 
from the Mbuo valley to the coastal plateau north of 
Mikindani. To facilitate construction, a temporary 
line was being built from Mkwaya at the top of Lindi 
creek to join the permanent line at Ruo. The section 
from Mkwayo to Ruo and Nachingwea, involving 
30 million cubic feet of earthworks, was now being built 
by hand labour, while a contract had been let for the 
Mikindani-Ruo section which would be carried out 
principally by mechanical equipment. The line would 
be laid with 60-lb. flat-bottomed rails. 

The only methods of obtaining adequate water sup- 
plies in the areas chosen for the large-scale cultivation of 
groundnuts were surface conservation of the rainfall 
in reservoirs, and drilling wells. The only places where 
the topographical conditions were suitable for reservoirs 
were, Raoerer, a long distance from the groundnut areas 
and the proposed schemes had therefore been aban- 
doned in favour of borehole supplies, which it was 
hoped to locate near the points where water would be 
required. The results of boring for this purpose so far 
had been encouraging. With regard to housing, 
good standard for Europeans and an appreciable rais- 
ing of the standard for African labour was the aim. 
Adequate supplies of power must also be ensured, the 
policy being to use the maximum of electrically-driven 
machinery from central generating stations through a 
high-tension grid. The fuel would be groundnut shells, 
from which producer gas would be generated. 
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ELECTRONIC PROCESS TIMER. 


An electronic timer which, it is claimed, can be used 
in a number of processes, such as lithography, blue 
printing, high-frequency welding and induction fur- 
naces, where high accuracy in repetition is essential, 
has been placed on the market recently by Electro 
Methods, Limited, 220, The Vale, London, N.W.11. 
This apparatus has a time range of } to 60 seconds, 
and within these limits smooth infinitely-variable 
control is possible simply by turning a dial. 

The circuit used is shown in the accompanying dia- 

m, from which it will be seen that the timer consists 
essentially of a triode valve or thyratron a, the grid 
of which is connected to a potential divider 6 through 
a fixed time-constant delay circuit consisting of a 
resistor c and a condenser d. When the main switch 
¢is open and the relays f and g are, therefore, de- 
energised, this condenser is charged to a voltage equal 
to the potential between the point A on the supply 
circuit and the slider on the potentiometer b. The 
charging current is obtained from those half cycles 
of the alternating-current supply which are positive 
at the point ¢ and flows from A through the resistor k 
to the cathode of the thyratron. It then passes from 
the cathode across the grid and back to the point ¢ 
through the slider of the potentiometer. Under these 
conditions the grid acts as an anode, rectification takes 
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place and the grid side of the condenser d becomes 
negative. The grid potential is then equal to the sum 
of the direct-current voltage across the condenser d and 
the root-mean-square voltage between the point i and 
the slider of the potentiometer b. 

To operate the timer, the switch e is closed, thus 
simultaneously closing the contacts | and m. The 
cathode circuit of the thyratron a is also closed and the 
cathode is connected to the point ¢ on the main circuit. 
As a result, the condenser d is by-passed and begins 
to discharge through the resistor c. The grid of the 
thyratron therefore becomes more and more positive 
until the potential of one of the superimposed alter- 
nating-current peaks is equal to, or higher than, the 
critical negative voltage. At this point “‘ triggering” 
takes place. The thyratron is thus rendered conducting, 
but only long enough for the relay f to be energised. 
As a result, the contacts n and the circuit of relay g 
are opened. When this occurs, contacts 1 and m are 
broken and the thyratron ceases to fire. The period 
during which the thyratron is conducting depends on 
the speeds at which the relay f operates, while the relay 
g is only released so that firing occurs instantaneously 
when the load is being disconnected at the end of the 
timing cycle. On completion of this cycle, the con- 
denser d is recharged ready for the next operation. 

The setting of the timer is altered by changing the 

position of the slider on the potentiometer 6. This 
adjustment alters the voltage to which the condenser d 
is initially charged and thus varies the interval between 
the closing of the switch e and the time when the 
grid voltage has drifted towards its critical value. 
_ It may be noted that the operation of the circuit is 
independent of the length of time during which the 
switch e is closed. Although this switch is usually 
of the push-button type it can be closed permanently, 
the only result being that the relay f remains energised 
while the thyratron is firing, but is disconnected when 
telay g is de-energised at the moment of firing. 

The whole of the apparatus forming the timer is 
housed in an earthed metal box on the outside of which 
ls a dial for selecting the appropriate time cycle, and an 
“on-off” toggle switch. The timer is designed to 
control loads up to 500 watts at 250 volts, and has 
an accuracy to within 5 per cent. throughout the timing 
range of i to 60 seconds, provided the voltage or 


NOTES ON NEW BOOKS. 
Applied Electronics. By D. Hytton Tuomas, M.Sc. 


(Tech.), B.Sc. (Eng.), A.M.I.E.E., A.M.I.R.E. 
Blackie and Son, Limited, 66, Chandos-place, 
London, W.C.2. [Price 7s. 6d. net.] 


Tis 130-page volume is another in the series of 
electrical engineering text-books which is being pub- 
lished by Messrs. Blackie and Son, Limited, under the 
general editorship of A. W. Hirst, M.Sc. (Eng.), M.1.E.E. 
It is based on lectures delivered to students in the final 
year of the Higher National Certificate course, and to 
those reading for a degree. An elementary knowledge 
of mathematics and of maznetic and electrical pheno- 
mena is, therefore, assumed. A full description of the 
many electronic devices now in use, excluding those 
which fall strictly within the fields of radio and tele- 
communications, is naturally outside the scope of 
this, and perhaps of any, book, and the author has 
refrained from attempting to explain electronic appa- 
ratus in detail. He has instead concentrated mainly 
upon the principles underlying the design and use of 
the more common forms of equipment, such as the 
sealed-off cathode-ray tube, and the thermionic valve, 
though in the latter case no reference is made to the 
use of the valve as an oscillator. Descriptions are 
given of gas-filled rectifiers (including the mercury-arc 
rectifier and the ignitron), electric-discharge lamps of 
the mercury-vapour and fluorescent types, and of the 
various forms and uses of photo-electric cells. Reference 
is also made to the subject of secondary emission, the 
electron-multiplier and the electron-microscope, as well 
as to methods of voltage stabilisation. The intro- 
ductory chapter, which contains a section on electron- 
optics, and a few of the subsequent sections, attempt to 
summarise some of the fundamental ideas about the 
properties and behaviour of electrons, and of atomic 
structure. These parts, unavoidably perhaps, are 
rather tersely and factually written. Other sections, 
however, though skimpy in places, are on the whole 
clearly explained, and are well illustrated with line 
and circuit diagrams, and in certain instances by 
photographic illustrations. Some examples are worked 
out in the text, and others, taken mainly from univer- 
sity examination papers, are set at the end of the 
chapters. An index is given, and references to other 
sources of information are included. 





Fluorescent Lighting. By A. D.S. Arxrnson, A.M.1.E.E. 
Third edition. George Newnes, Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 12s. 6d. net.] 

Tis volume is intended primarily for illuminating 

engineers and architects, or for those immediately 

concerned with questions of lighting for business or 
industrial purposes, and it is amply illustrated by 
line diagrams and photographic reproductions. The 
author, who is technical editor of the Lighting Service 
Bureau, summarises the main factors governing the 
general design of fluorescent lamps and their fittings, 
and discusses those features which influence their 
efficiency and reveal their advantages. The earlier 
chapters describe, in simple language, the nature of 
light, define terms such as fluorescence and phos- 
phorescence, and discuss the production of ultra-violet 
radiation and the uses to which it may be put. Various 
forms of fluorescent lamps, and their switching circuits, 
are then described, together with the possible causes 
and methods of remedying faulty operation. A subse- 
quent chapter shows that the estimation of the correct 
number and disposition of fluorescent lamps for a 
icular room or floor area is not the simple matter 

it might seem at first and strongly suggests that it is 
a problem best left to the specialist. The second half 
of the book is concerned mainly with the application of 
fluorescent lamps in factories, shops, schools, offices, 
and in the home. In general, this half, which is copi- 
ously illustrated, emphasises that “‘ adequate lighting 
is part of the machinery for production.” It indicates, 
for example, how lamps can be arranged to facilitate 
and speed up production processes, or to attract cus- 
tomers to a poorly patronised counter in a large store, 
and to enhance selling points. Some cost figures are 
quoted, though, in a volume of this nature, more 
detailed reference to questions of capital cost could 
have profitably been included. Otherwise, the book 
is a useful guide to those for whom it is intended. It 
contains 140 pages, with an index and a list of references 
to other sources of information. 


The Electric Wiring of Buildings. By F. CHar.rs 
RaPHAEL. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 20s. net.] 

THE first edition of this book was published in 1930 

and as considerable progress has m made in the 

field with which it is concerned since that time, it is 
natural that a revision should be called for ; much of 








frequency of the incoming supply does not change by 
more than +15 per cent. 


the original subject matter, however, has required no 


current practice. The revision has been carried out 
by Mr. PH. D. Sewell, who signs the preface to the 
new editioa. He states that he has been closely in 
touch with Mr. Raphael for a number of years and has 
had at his disposal the original notes which were made 
at the time a revision was first contemplated. Archi- 
tects and wiring contractors have at their disposal 
various official or semi-official publications that formu- 
late the requirements on which satisfactory wiring 
must be based; important examples of these are 
The Regulations for the Electrical Equipment of Build- 
ings, of the Institution of Electrical Engineers, and the 
Electricity Commissioners’ Regulations. Publications 
of these kinds, however, are concerned with require- 
ments rather than methods and, for practical applica- 
tion, have to be supplemented by treatises of the type 
of this volume. It is in every sense a practical instruc- 
tion book ; elementary principles are not neglected, 
but the main subject is the application of those prin- 
ciples in actual wiring installations. The lay-out of 
circuits and calculation of conductor sizes are the 
basic elements of the subject and are dealt with in 
considerable detail, but, as a practical treatise, much 
more than the elements are covered in this book. 
For example, the various systems of wiring are des- 
cribed, the greatest attention being paid to steel- 
conduit and lead-covered wiring, the two most widely 
used systems. The chapter on cables deals with 
polyviny! chloride as well as vulcanised-rubber insula- 
tion, but in the section dealing with jointing the former 
material does not appear to be mentioned. The book 
is not confined strictly to wiring and useful information 
is given about the choice of fittings, the desirable lamp 
equipment for various types of room, and other cognate 
matters. The book is written in a straightforward 
and simple way and the illustrations are clear. It 
should be of service not only to wiring contractors, but 
should form a valuable text-book for the individual 
wireman. 

Lord Kelvin: Physicist, Mathematician, Engineer. By 
A. P. Youne, O.B.E., M.I.E.E. James Clerk Mazx- 
well, A Mathematical Physicist of the Nineteenth 
Century. By Dr. R. L. Smira-Rosg, M.I.E.E. 
Published for the British Council by Longmans, 
Green and Company, 6 and 7, Clifford-street, London, 
W.1. [Price ls. Gd, net each.] 


THESE two short biographies are the latest additions 
to the “ Science in Britain ”’ series of booklets sponsored 
by the British Council, several of which have been 
reviewed from time to time in our columns. Primarily, 
they are intended for export (several of the series have 
been translated into Spanish, Portuguese and Turkish 
with this aim in view) and are addressed to the general 
reader as well as to the scientist; but the general reader 
who is envisaged is assumed to be tolerably widely 
read, and no attempt is made to “ write down ” to the 
level of the browsing ignoramus. As a result, these 
new booklets—like their predecessors in the series— 
can be relied upon not to antagonise the reader who is 
fairly well versed in the a of physics which 
are associated with the subjects of the memoirs. I 
they impel him to a study of the more extensive 
biographies cited in each case, the urge will certainly 
not arise from any critical dissatisfaction, but from 
the awakening of a desire for fuller knowledge ; which 
is, perhaps, the best test of any biography. 





Engineering Machine Shop Practice. By B. RicharD 
Hizton. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. {Price 6s.] 

THE first edition of this small manual appeared in 1939, 

at a time when the engineering industry was entering 

on the period of expansion which was so soon to 
accelerated by the demands of war, and it was addressed 
ae age sd to the newcomers in engineering shops. It 
gins, therefore, with the materials of the industry, 

passing thence to the hand tools and their uses, and so 
to the fundamental types of machines—the drilling 
machine, the centre lathe, the shaper, and the milling 
machine. An appendix contains a list of the abbre- 
viations commonly used, a table of lubricants and 
coolants, and various metric conversion tables, etc. 
The style is concise and straightforward, and the line 
illustrations, which are numerous, are notably clear and 
selected with evident care. While the book is one that 
the observant shop apprentice will soon “‘ grow out of,” 
it should help him considerably in becoming familiar 
with the essential tools of his trade, and it should be 
of assistance, also, to the model-making amateur who 
has not the advantage of a workshop background. 





CaLcruM CARBIDE PricEs.—The Director of Sundry 
Materials, Board of Trade, 10, Old Jewry, London, E.C.2, 
has announced that the price of calcium carbide distri- 
buted through the Carbide Distributing Agency, Carbide 
House, 55, Gordon-square, London, W.C.1, was increased 





alteration as the information it gives is still in line with 


by 11. 15s. 0d. per ton from Sunday last, August 1. 
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GREATER LONDON WATER 
SUPPLIES. 


In November, 1946, a Departmental Committee, 
under the chairmanship of Mr. R. M. Hughes, K.C., 
was appointed by the Minister of Health to examine 
the present system of water supply administration in 
London, to report what changes were desirable, and 
to indicate what the constitution, powers and duties 
of any necessary new body should be. The report* of 
this Committee was published on Thursday, July 29, 
and states that their principal problem was to examine 
the relative merits of two opposing methods of dealing 
with the question. The first of these, put forward by 
the Metropolitan Water Board and generally supported 
by the London and Middlesex County Councils and 
the West Ham Borough Council, was that the water 
supply to Greater London should be co-ordinated 
over a wide area, determined on hydro-geological 
grounds, in order that the resources might be pooled 
and used to the best advantage. The same bodies 
also suggested that it was both practicable and expedi- 
ent in the public interest that these supplies should 
be administered by a single public representative 
authority over an area with a population of about 
10,300,000 people and lying wholly or partly in the 
areas of 177 local governments. At present, there are 
64 water undertakings in this area, of which 33 are 
local authorities, two are joint boards, and 29 are 
companies. On the other hand, most of the other 
water undertakings in the area argued that the Water 
Act of 1945 provided an effective means of pooling 
resources and amalgamating existing undertakings, 
where necessary. Neither large-scale amalgamation, 
nor @ representative authority, however, would lead 
automatically to the highest standards of efficient 
management. They therefore suggested the appoint- 
ment of four Advisory Water Committees in the area, 
the work of which would be co-ordinated by one Water 
Resources Authority. 

Dealing with the technical problems, it is stated in 
the report that estimates given by experts indicate 
the potential resources of the London area to be 
620 million gallons a day, of which 204 million 
gallons could be drawn from the Thames, 45 million 
gallons from the Lee, 20 million gallons from the 
Stour and 35] million gallons from wells in either the 
lower greensand or chalk strata. Those estimates, 
however, must be discounted, for the reasons that it 
is by no means certain that the potential reliable 
yield of the underground sources in the area is as much 
as 351 million gallons a day, and that reserves of 
water may not necessarily be found at places where 
they are most required. Moreover, the Lee is probably 
a wasting asset, owing to the proposal to use it to carry 
sewage effluent from the new towns of Stevenage and 
Harlow. It will also be at least 10 years before the new 
reservoirs at Wraysbury and Datchet, on the Thames, 
with a total capacity of 12,000 million gallons, are 
completed. 

The Committee therefore consider that the potential 
yield of the area will be well under 600 million gallons 
a day for the next 10 years and not more than 660 
million a day after the Wraysbury and Datchet 
reservoirs have been completed. Against this, it is 
estimated that by 1960 there will be a demand for 670 
million gallons a day, while should there be a drought 
as severe as that of 1944 before these reservoirs are 
finished, there might be a temporary deficiency of 
70 million gallons a day and of at least 10 million 
gallons a day thereafter. 

For these reasons, the Committee are convinced 
that all the water resources in the area should be 
pooled and that an immediate and exhaustive inquiry 
into the amounts available should be made. Although 
these resources should be exploited fully and rationally 
before outside sources are tapped, the latter should also 
receive immediate and detailed examination, and steps 
should be taken to formulate a scheme for a major sup- 
ply from them. No wells or boreholes in the area should 

sunk or extended without a licence from the Ministry 
of Health, so that a just balance may be struck between 
the needs of public water supply and the requirements 
of private industry. In this connection, it is added 
that the London area is not one in which the establish- 
ment of new industrial undertakings demanding large 
quantities of water should be encouraged. The 
Committee are agreed that some central authority is 
necessary, Owing to the fact that the area has a com- 
munity of interest, is a hydro-geological unit and is 
rapidly approaching the limits of its internal resources 
of water. They are, however, unable to agree on the 
constitution of the authority, which should be estab- 
lished to give effect to these conclusions, opinion 
differing between the advantages of a single-purpose 
authcrity for the whole area and administration by four 
joint water boards with a central authority. 





* Report of the Departmental Committee on Greater 
London Water Supplies. London: H.M. Stationery 
Office. [Price 3s. 6d. net.] 





LABOUR NOTES. 


Sm Joun Forster, K.C., chairman of the National 
Arbitration Tribunal since 1944, and president of the 
Industrial Court since 1946, has been appointed to 
preside over the court of inquiry, set up by the Ministry 
of Labour and National Service, to investigate the claims 
of the 2,750,000 engineers for a wage increase of 13s. a 
week, The other members of the court, appointed 
ty the Minister, will be Mr. C. W. Guillebaud, Mr. G. G. 

oneyman, Mr. A. J. Espley and Mr. Alfred Rooerts. 
The court is expected to commence its inquiry towards 
the end of next week. The Confederation of Ship- 
building and Engineering Unions, in asking for the 
setting up of a court of inquiry into the engineers’ 
wage claim, requested that the court should be 
empowered to investigate ‘“ wage anomalies and the 
whole question of profits in the engineering industry.” 
It is understood, however, that the court’s terms of 
reference are limited to the engineers’ claim for the 
13s. increase. , 

The executive body of the National Union of Mine- 
workers has met in London to consider matters arising 
out of resolutions passed at the union’s annual con- 
ference at Whitley Bay. It was decided to refer the 
resolutions regarding the increased cost-of-living agree- 
ment to the union side of the National Joint Negotiating 
Council. It is suggested that a new sliding-scale agree- 
ment should be prepared, for submission to the National 
Coal Board in due course, based on the new index of 
retail prices. Under the old cost-of-living index, which 
came to an end in June, 1947, the miners receive an 
allowance of 2s. Sd. a shift. The index of retail prices 
figure has risen by 10 per cent. during its twelve- 
months’ existence and now stands at 110. If this rise 


were taken into account, the present allowance of | Co 


2s. 8d. would be increased by over 9d. A report was 
presented to the executive stating that some 400 
European trained volunteers were at present idle, owing 
to their non-acceptance by the miners’ lodges. The 
executive approved the establishment of machinery, 
similar to that set up under the Essential Work Order, 
to investigate alleged wrongful dismissals. Regulations 
allowing Diesel and electric cable locomotives to be 
used in mines, subject to “ very careful safeguards,” 
were approved. 


Leading trade-union officials throughout the 
country have been impressing upon their members for 
some time the urgent need for greater production if 
the present standard of living is to be maintained. 
After emphasising this in the July Trade Report of the 
United Patternmakers’ Association, Mr. W. B. Beard, 
the union’s general secretary, writes, “The way to 
this very desirable object is by capital development, 
i.e., the production of machines designed to do more 
and more work with less manual effort. There is, 
however, another factor which must not be lost sight 
of and which has a distinct bearing on costs. I refer 
to non-productive man-power. Much of this is no 
doubt required, but I cannot believe that 50 per cent. 
of Britain’s working population should be engaged on 
non-productive work. Yet such is the case. Before 
the war, 16 per cent. of all British employers and workers 
were in distribution. The comparative figure in the 
United States was 13-9 per cent.; in Belgium, 13-4 
per cent.; and in France and Germany, somewhere 
in the region of 12 per cent.” 


““ To-day there are in Britain considerable numbers 
engaged as administrators,’ Mr. Beard says, “‘ more 
than 10 per cent. in fact. In 1939, there were 397,000 
non-iadustrial civil servants; in July, 1945, there 
were 716,000. True, many of these were necessary, 
owing to war conditions and the peculiar organisation 
required but, even in 1947, 690,000 were so engaged. 
Local Government servants have increased from 
846,000 in 1939 to 1,098,000 at the present time. 
136,000 civil servants are concerned with defence 
and supply, as compared with 51,000 in April, 1939. 
This is rendered necessary by the number of men we 
have in the armed forces.” Mr. Beard writes in 
conclusion: “The old maxim of turning swords into 
sen gw should be put into effect, for we have 
ewer farmers and farmworkers per head of the popu- 
lation than any other country. We must guard 
against bureaucracy; the production of labour must 
not be swallowed up by overhead administration 
costs.” 


The tendency of smaller and, perhaps, competing 
trade unions to find that the interests of theiremembers 
can be better served by their amalgamation, has 
been somewhat on the increase in recent years. The 
annual report of the General Federation of Trade 
Unions for the year ending March 31, 1948, gives 
particulars of some recent amalgamations. In mid- 
1947, three unions, separately affiliated to the General 
Federation, joined forces to become the National 
Union of Furniture Trade Operatives ; the new union 





remaining affiliated. The annual report states that 
the new union has made great progress in serving its 
members and has increased its membership by 20 

cent. Another amalgamation occurred towards the 
close of the financial year, when two unions connected 
with the glass trade, both centenarians and both 
affiliated to the General Federation, also combined 
to form the National Union of Flint Glass Workers, ’ 


The second international trade-union conference 
under the European Recovery Programme was held 
in London on July 29 and 30. Forty-five delegates 
attended the conference, representing 25 organisations 
in 16 countries. They were addressed by Mr. W, 
Averell Harriman, the United States Ambassador 
Extraordinary, and by labour advisers of the Economic 
Co-operation Administrator, Mr. Paul Hoffman. Mr, 
Harriman said that United States support for the 
Recovery Programme depended to a great extent on 
the yearly progress of the European nations. He was 
aware of the considerable progress already made in 
Europe since the end of the war. He hoped, however, 
that European trade unions would not be content with 
& mere recovery to an old standard, but would press 
for an advance. He wanted to see a forward movement 
in the economic life of Europe with higher objectives 
than it had ever had before. It was felt in the United 
States that the future of Europe lay in greater unifi- 
cation, a greater amount of trade, an increased removal 
of restrictions in the flow of goods, services and people, 
and a greater concept of the unity of the people. He 
said that Mr. Hoffman wanted the help of the Trade 
Union Recovery Programme advisory committee. 


Mr. Evert Kupers, of the Netherlands Trades Union 
mgress, who was in the chair, stressed the view that 
without the energetic support of the trade-union move- 
ment, the object of the Recovery Programme could not 
be achieved. Greater prosperity depended on increased 
roduction and extended commercial intercourse 
tween the European countries participating in 
recovery aid, and the United States. The trade unions 
in these countries would see to it that a fair share of any 
increased prosperity, which might result, would reach 
the working Fi Mr. Kupers said that the steel 
and textile trades in Belgium were meeting increased 
marketing difficulties, and the British export pro- 
gramme was facing a similar problem. The most urgent 
need now was for a much closer economic co-operation 
between the participating countries themselves. The 
governments concerned must draw up constructive 
rogrammes on an international, rather than a national, 
4 If they were successful in this, Congress aid 
would probably be continued in the years to come. 


Mr. Hoffman sent a message on the second day say- 
ing that labour would be given every opportunity to 
share in the European Recovery Programme. It 
would be the responsibility of his missions in the 
individual countries to establish contacts with respon- 
sible trade-union leaders. Mr. Arthur Deakin, secre- 
tary of the Transport and General Workers’ Union, said 
that it was raw materials, not further loans, which 
were needed from the United States, but as the United 
States was in competition with other countries for raw 
materials and had the dollars to pay for them, it was 
difficult for European countries torebuild their economy. 
Steps were taken by the conference to organise a con- 
tinuing trade-union co-operation between individual 
European countries, as well as with the United 
States, to a much fuller extent than ever before, to aid 
the success of the Programme. It was arranged that 
Mr. Vincent Tewson, of the Trades Union Congress, 
should continue as secretary to the Recovery Pro- 
gramme advisory committee, and arrangements were 
made to strengthen the committee on its administrative 
side. The conference renewed its pledge of full support 
for the Recovery Programme which, it was stated, 
depends for its success upon the united efforts of the 
working classes of all the countries concerned, including 
those of the United States. 


The approval of the general council of the Trades 
Union Congress for the establishment of a Joint Anglo- 
American Advisory Council to examine ways and 
means for increasing British industrial output was 
given with lizjle enthusiasm. They appointed six 
members to represent the British side on the Council, 
electing Mr. Lincoln Evans, Mr. Will Lawther, Mr. 
Jack Tanner, Mr. Tom Williamson, Mr. G. H. Bagnall 
and Mr. Andrew Naesmith. The general council stipu- 
lated that no inquiries should be made in any industry 
until after consultation with the unions involved, and 
that probing into British industrial concerns by un- 
official United States visitors should be discouraged. 
With equal caution, the grand council of the Federa- 
tion of British Industries agreed to take part in the 
proposed Advisory Council. The election of its repre- 
sentatives, however, will not take place until later. 
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NAVAL ENGINEERING AND 
CONSTRUCTION IN AUSTRALIA.* 


By EnorngerR Rear-Apmrral A. B. Doy.z, 
C.B.E., R.A.N. 


Wrratn the general administration and command, 
the Engineering and Construction Branch of the Royal 
Australian Navy is responsible for the building, altering, 
refitting, and docking of ships, to meet approved Staff 
requirements. For these purposes, the Branch is 
directed by engineer officers who are advised and 
assisted by a staff of civil professional officers having 
more specialised training in shipbuilding, engineering, 
and electrical engineering, respectively, and by clerical 
officers experienced in departmental administrative 

vedure. The work is done, for the most , under 
the direction of engineer officers by a civilian trades 
staff in naval dockyards, or under their supervision if 
done elsewhere by contract. Specially-trained engineer 
officers of this Branch, also, are responsible for the 
installation and dockyard repair of gun-mountings, 
and the manufacture and depot maintenance of tor- 
loes, to meet the approved requirements of the 
irector of Ordnance, Torpedoes and Mines. In ships, 
and in establishments other than dockyards and 
gun-mounting or torpedo depots, engineer officers are 
concerned mainly with marine and mechanical engineer- 
ing, with the training of persorinel of the engineering 
department in their departmental work, and with their 
part ’ the organisation for fire fighting and damage 
control. 

The Royal Australian Navy took over the Australian 
Station from the Royal Navy in 1913. H.M. Australian 
ships then comprised the battle cruiser Australia, two 
cruisers of the Town class, three destroyers of the 
River class, a miscellany of older craft, and two sub- 
marines of the E class, commissioned in February, 1914. 
The prigcipal naval establishments in 1913 were the 
Navy Office (the central administration and head- 
quarters) in Melbourne; the Naval College, Geelong 
(Victoria), for the training of cadets ; Cockatoo Island 
Dockyard, at Sydney, which had just been taken over 
by the Commonwealth as a naval shipbuilding and 
dockyard, and was under the management of a naval 
constructor lent by the Admiralty; Garden Island, 
Sydney, which then was a repair yard and stores —_ 
under the command of a Captain-in-Charge, and under- 
took all gun-mounting and torpedo work for the 
station; Williamstown Depot, Victoria, used mainly 
as a training establishment for personnel; and 
H.M.A.S. Tingira, boys’ training ship. 

In the period 1914-22, there were definite advances 
in naval ships. The Michell thrust block and geared 
turbines came into use, steam pressures increased 
slightly, and oil fuel became more usual. Recon- 
naissance aircraft were carried and flown off cruisers, 
and the first aircraft carriers came into being ; conse- 
quently, the need for anti-aircraft guns became insistent, 
and gun-mounting designs were modified accordingly. 
Mountings for heavy guns were also modified to give 
greater elevation and longer range. 

The Navy Office, at this time, moved to common 
quarters with the other Services in Victoria Barracks, 
Melbourne. The Naval College had already been 
transferred to Jervis Bay and was well established 
there, and Williamstown Depot had been transferred 
to Flinders, and, under the name of Flinders Naval 
Depot, was growing into a large training establishment 
for all classes of ratings. The Cockatoo Island yard 
had developed considerably with the building, first, of 
River-class destroyers, and then the Town-class 
Cruisers Brisbane and Adelaide, and with war work. 
At its peak, it employed some 4,000 workmen, but its 
numbers dropped back when the war ended. Garden 
Island increased its numbers also, and reached a peak 
of about 1,200 to 1,500; but, after the war, it became 
quite a small yard, with an engineering staff of three or 
four naval engineer officers, and an average of 500-600 
civilian employees. Garden Island still did all the gun- 
mounting and to o work for the station. 

In the period 1922-34, the numbers of personnel 
and of ships in commission were reduced, and, following 
on the Washington Treaty, the battle-cruiser Australia 
and several other ships, including J-class submarines, 
were sunk or scrap As the submarines A.E. 1 
and A.E. 2 had been lost in the war, submarines thus 
vanished temporarily from the Royal Australian Navy. 
Cockatoo ceased to be a naval yard in 1921, and became 
a Commonwealth yard ; first, under the Prime Minis- 
ter’s Department, and then, in 1923, under the Aus- 
tralian Commonwealth Shipping Board. It was leased 
to the Cockatoo Docks Pe Engineering Company in 
1933, but remained closely associated with the wl as 
the principal building yard and, until 1945, as the main 
dockyard. Since the end of the war, it has reverted 
to the Cockatoo Docks and Engineering Company, who 
now operate in association with Vickers-Armstrongs 





* War Memorial Lecture to the Sydney University 
Engineering Club. Abridged. 





Limited. The Naval College was transferred from 
Jervis Bay to Flinders Naval Depot in 1930, thus 
bringing practically all shore training under the one 
administrative command. 

The building of the cruisers Australia and Canberra 
and the submarines Oxley and Otway, in Britain, and 
the seaplane carrier Albatross at Cockatoo Island, was 
approved in 1925. The building of the Albatross was 
by far the most interesting naval shipbuilding work 
undertaken until then in Australia. Previously, all 
ships built there had been built from working drawings 


supplied from Britain; but the Albatross, a novel | progr 


type of ship, was built from guidance plans and specifi- 
cations only, all ship working drawings being prepared 
in Australia. The designs of turbines, condensers, and 
of auxiliary machinery were obtained from specialist 
firms in Britain, but other machinery drawings were 
made in Australia. For these purposes, the engineer 
manager at Garden Island was appointed general 
overseer for contract work of construction ; an engineer 
officer was appointed at Cockatoo Island as overseer ; 
the naval constructor at Garden Island was appointed 
to Cockatoo Island as hull overseer; and specialist 
assistance with su ision of electrical work was given 
from the devtlog! staff at Garden Island. While the 
basic design of the Albatross hull and machinery was 
unchanged, considerable internal re-arrangements of 
compartments and modifications to equipment were 
during construction. The ship, which was 
finished late in 1928, was, within the limitations 
imposed by her design, a very successful unit. After 
service in various of the Empire in the 
recent war, she was specially mentioned for her service 
as a repair ship for landing craft on the Normandy 
beaches on D-Da , June, 1944. 

Unfortunately, the depression which started in 1929 
caused naval building to cease for some time and other 
naval activities to be curtailed ; the S-class destroyers 
and various other ships were scrapped, and it was 
not until 1934 that any further important development 
occurred. In 1934, a small building programme, initi- 
ally consisting of two sloops, was approved to be 
undertaken at Cockatoo Island and, for this purpose, 
an overseeing organisation generally similar to that 
for the Albatross was set up. The sloops were small 
turbine-driven vessels, of about 1,300 tons standard 
displacement, and showed no marked development 
from the vessels previously described ; nevertheless, 
this building programme began a much wider develop- 
ment which continued into and during the war years, 
and was invaluable in holding together and developing 
a small professional and trades shipbuilding staff, 
without whom the large subsequent expansion would 
have been almost impossible. 

From 1934 onwards, there was a general movement 
to build up defences, and, as part of this, the provision 
of booms for the defence of the more important strate- 
gical harbours against attacks by submarines and 
ee was approved. The construction of boom- 
defence vessels for handling the heavy moorings and 
nets was approved in 1937 and began at Cockatoo 
Island in 1938. These vessels are equipped with 
powerful winches, and horns for lifting and transporting 
the heavy moorings, mooring buoys, and nets. 

In 1937, too, it was decided to modernise H.M.A.S. 
Australia, by adding side armour and reconstructing 
the bridge, masts and superstructure to take the latest 
fire control and - anti-aircraft guns, which required 
almost complete electrical rewiring of the ship. Modifi- 
cations to the main turbines and boilers were made also. 
The work, started at Garden Island in April, 1938, was 
shared between Garden Island and Cockatoo Island, and 
was finished in early September, 1939. This was a 
big and difficult reconstruction, for which many of the 

lans were made in Australia; and it was very satis- 
actory when she went through her trials without a 
hitch. Within the same riod, Cockatoo Island 
converted the cruiser Adelaide to oil-burning, the 
armament was modified to give better fire control, and 
anti-aircraft guns were fitted—again, a quite large 
modification, for which all plans were produced in 
Australia. In July, 1938, two more sloops were ordered 
from Cockatoo Island, and in January, 1939, the 
Government approved the building there of Tribal-class 
destroyers. Three of these destroyers were completed 
before the end of hostilities, and gave excellent war 
service. 

With war imminent, many more vessels were required 
for defence against submarines and mines and, in 1938, 
outline plans were prepared at the Navy Office for 
building Australian minesweeping vessels, later known 
as corvettes. The detailed designs were produced 
between the Navy Office and Cockatoo Island, and the 
building of corvettes started at Cockatoo in December, 
1939. Ultimately, over the period December, 1939 
to May, 1944, 60 of them were built in Australia— 
36 for the Royal Australian Navy, 20 for the Royal 
Navy, and four for the Royal Indian Navy. Corvettes 
were designed as anti-submarine and mine-sweeping 
vessels; but the shortage of escort vessels caused 
them to be used as escorts, and, although not altogether 








suitable for that purpose, they did remarkable service. 
Corvettes were last out of most of the Malayan and 
East Indies ports when the Japanese drove south, and 
some served as far away as the cae set 

Corvettes were comparatively simple vessels, with 
two water-tube boilers, twin reciprocating engines, and 
cereiins auxiliaries, all of which could be produced 
fairly readily in Australia. They carried one 4-in. gun 
and short-range armament, and were fitted with mine- 
sweeping gear, anti-submarine gear, and (later) with 
radar. Although they were simple, however, this 
amme marked a really important development in 
naval shipbuildi in Australia. Previously, all 
naval shipbuilding had been confined to Cockatoo 
Island dockyard; but, for this mme, orders 
for vessels were placed with seven additional firms— 
Walker, of Maryborough, Queensland ; Evans Deakin, 
of Brisbane ; the New South Wales Government ship- 
yard, Newcastle; Morts Dock, Sydney; Poole and 
Steel, Sydney; the Williamstown dockyard of the 
Melbourne Rishi Trust; and the Broken Hill 
Proprietary Company, at Whyalla. Cockatoo Island 
acted as the pilot yard, and, in addition to preparing 
many drawings, provided templates and assistance in 
other yards, and built all but 12 of the boilers. The 
remaining boilers were built in Western Australia, 
at the Midland Junction Railway workshops. Orders 
for main engines, auxiliary engines, and other equip- 
ment, were spread over firms in all the mainland States. 
Naval engineer officers were appointed as principal naval 
overseers to supervise the work, and small staffs were 
developed to help them. While the proportion of 
locally-made material had gradually increased with 
each ship built, many of the key items for the larger 
vessels hitherto had been imported. The develop- 
ments in local industries and the general circumstances, 
however, permitted the use for these corvettes of 
practically 100 per cent. of Australian-made materials 
and equipment. 

As the orders for corvettes were completed, orders 
were placed for 22 frigates. These were larger, faster, 
and better-armed vessels than corvettes, and entailed 
about three times as much work. Most of the plans 
were obtained from Britain, but for these, too, materials, 
machinery, and equipment were almost entirely Austra- 
lian made. Owing to world-wide developments, the 
frigate programme was cut, in 1945, to twelve ships. 
Meanwhile, the cruisers Sydney, Perth, and Hobart had 
been acquired from Britain, the Albatross, Oxley and 
oer being transferred to Britain in part payment for 
them. 


With the outbreak of war, plans for mobilisation went 
into operation. The principal parts affecting the 
Engineering and Construction Branch were the bring- 
ing into service of all ships in reserve ; the acceleration 
of all refitting and building ; the — up and fitting 
out of merchant vessels requisitioned for armed mer- 
chant cruisers, minesweepers, ammunition and other 
store carriers, minelayers, transports and hospital ships, 
and boom-working ships; and the fitting of requisi- 
tioned and other merchant ships with guns and, for 
defence against moored mines, with vanes. All 
these t of work had to be done concurrently with 
the building programme and with ordinary docking and 
refitting work, and, later, with repairs to war-damaged 


ships. 

Quite early in the war, it was necessary to develop 
also an organisation for demagnetising ships for pro- 
tection from magnetic mines. Directed from the Navy 
Office, this work started at Garden Island and grew 
later into a very considerable organisation, with 
establishments in other important ports. Alternative 
methods of demagnetising were developed later; and 
ranges were established in several ports for testing the 
magnetic state of ships using those ports. The basic 
information for this work came from the Admiralty, 
and professional advice and assistance in the inter- 
pretation of test records and the best methods of 
coiling the ships was given by Dr. Myers, of this (Sydney) 
University and of the National Standards Laboratory. 
With the development of radar, arrangements had to be 
made to install this equipment, too—work which gener- 
ally required structural alterations to ships, which 
were the principal difficulty of the installation. 

In all, apart from refitting, repairs, and alterations 
to warships, in the period 1938 to 1946, Australian 
shipyards built. to orders placed by the Naval Board, 
three Tribal-class destroyers, two sloops, 12 frige tes, 
60 corvettes, four boom-defence vessels, 15 mi - 
ous vessels, and one floating dock for 1,000 tons lift. 
The ships requisitioned and fitted out for special pur- 
poses included five armed merchant cruisers (of which 
three were later converted to Landing Ships, Infantry), 
two mine-layers, 32 mine-sweepers, 40 transports 
(including the initial fitting-out of the Queen i 
and Mauretania, and of many P. and O. and Orient 
mag and large ships of the Dutch Merchant Navy, 
and the completion of fitting out of the Queen Eliza- 
beth), three hospital ships, six store carriers, one depot 
ship, and five boom-working vessels. Four typical 
vessels of this construction programme are illustrated 
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in Figs. 1 to 4, on page 132. In all, 397 merchant ships 
were fitted with guns, 318 with vanes, and 376 
ships were degaussed. The total number of guns 
fitted on merchant ships was 1,132. 

Plans for carrying out such work had been prepared 
in part before the war. The Royal Australian Navy 
thus got away to a good start and a clear field; but 
by mid-1940 other industrial demands arose, and the 
Government set up a high-level organisation to 
rationalise work programmes. At a lower level, 
Boards of Area Management were set up in various 
centres to contro] the allocation of work to industrial 
establishments. The Navy found this organisation 
completely satisfactory. In August, 194], while work 
of the kinds outlined above was in full swing, the world 
shortage of merchant shipping caused the Government 
to set up the Australian Shipbuilding Board for building 
merchant ships, and, in order to co-ordinate the naval 
and merchant shipbuilding programmes, the then 
Third Naval Member, Chief of Construction, and 
Director of Engineering (Naval) was appointed also as 
Director of Shipbuilding and Executive Officer of the 
Australian Shipbuilding Board. 

The two building programmes, with the other work 
outlined above, and the modifications to warships 
required because of war experience, put a tremendous 
load on the rather limited resources of Australia ; and, 
with the expanding programmes for the other services 
and munitions, materials and labour became more and 
more scarce, and progress slowed down. By June, 
1942, congestion in British yards caused still more 
merchant ships to require docking and repair in Aus- 
tralia, and the southward advance of the Japanese 
brought numerous British and Allied vessels, Dutch, 
French and American, requiring war damage to be 
made good. The principal naval overseers in each 
State had, in the main, assumed with little demur the 
duties of allocating — work according to prioities 
determined by the Naval Staff; which, of course, 
consulted other authorities as a propriate ; however, 
the work called for was by this time beyond the 
capacity available, and an organisation was required 
with legal authority, not only to allocate priorities for 
repair work, but also to allocate the work to the most 
suitable available firms, and ensure that only urgent 
work was undertaken. 

The Naval Board and the Shipbuilding Board, there- 
fore, in June, 1942, delegated their respective authori- 
ties to control naval and merchant-ship repairs to the 
then Third Naval Member and Director of Shipbuilding, 
and the Minister appointed him as Director of Ship 
Repairs. A naval engineer officer was appointed as 
his assistant, with the title of Controller of Ship Repairs, 
and approval was given to him to use the principal 
naval overseers in each State as his local representa- 
tives for the control of ship repairs in their respective 
areas. In practice, the Controller of Ship Repairs and 
the principal overseers in each State were advised on 
merchant shipping requirements and priorities by com- 
mittees representing the Director of Shipping and 
shipping interests. Principal overseers were informed, 
also, through the appropriate channels, of naval 
requirements and priorities. 

With the advent in turn of Dutch, French and United 
States naval and merchant ships, and, later, the British 
Pacific Fleet, the Royal Australian Navy undertook 
the arranging and allocation of such naval ship repairs 
and fitting-out for those Services as were to be done 
by Australian shipyards, the overseers acting as liaison 
officers between local contractors and the technical 
officers of the British and Allied Services, for contract 
work, and virtually as contractors’ representatives for 
work to be done in naval yards. The merchant ships 
for those nations were served similarly by the Controller 
of Ship Repairs and the naval overseers. It will be 
plain, that, in this organisation, handling conflicting 
interests, using many of the same shipyards for different 
purposes, and vested with considerable powers and 
pis ie ign there was ample scope for trouble ; 
and it is a remarkable tribute to the common-sense 
and good will of all concerned, and to the tact and 
ability of the controlling staff, that not one serious 
dispute due to this organisation occurred throughout 
the whole period of the control. 

Complete statistics of merchant-ship repairs are not 
readily available, but, in Australia, in 1944 and 1945, 
and quite apart from the other types of work outlined 
above, the average monthly pale of merchant ships 
in hand for repairs was 378. Of these, the average 
number requiring major repairs due to enemy action, 
stranding, or collision, was 10-8 month, and the 
average number docked per month was 45. Of these, 
over 50 per cent. were done in Sydney and Newcastle, 
but other ports, particularly Brisbane and Fremantle, 
which were nearest to the operational areas, did 
extensive work. The building of the large Cairncross 
Dock in the period was a notable addition to the ship- 
repair capacity of Brisbane, and, indeed, of Australia. 
Construction of this dock was started in September, 
1942, and it was brought into use in September, 1944. 
Between the middle of 1942 and the middle of 1946, 





Brisbane repaired some 1,350 merchant ships and 1,900 
combatant vessels; in addition, some 60 submarines 
were docked there. 
While this work in ships was in hand, the dockyards 
and shipyards were developing also. The Shipbuilding 
Board quickly initiated developments at Cockatoo 
Island, to provide for the merchant shipbuilding ex- 
pected to be done there. At Garden Island, in the old 
yard, illustrated in Fig. 5, herewith, wharfage, craneage, 
and workshop facilities were being much increased. 
The number of employees, which had increased to 
1,600 at the outbreak of war, rose to over 3,000 by the 
end of it, and the necessary reconstructions in this 
already crowded area made work and the problems of 
management extremely difficult. At the same time, 
the Captain Cook Dock (Fig. 6) was being built along- 
side Garden Island, and for that, too, the necessary 
liaison required considerable work by the dockyard 
management. In 1942, the Commonwealth acquired 
Williamstown Dockyard from the State Government 
of Victoria, and reconstituted it as a naval dockyard 
under the management of a naval engineer officer. A 
part of this yard, with the Australian- built Tribal-class 
destroyer H.M.A.S. Warramunga in the dock, is shown 
in Fig. 7, opposite, Fig. 8, on the opposite page, is a 
general view of Cockatoo Island. 

By 1942, shipbuilding, ship repairs, etc., began to 
feel the impact of the rising demands from all Services 
for small craft. A Naval Staff requirement arose for 





many minor war vessels which could not be supplied 
from existing craft, and a naval boatyard for building 
wooden craft was established at Green Point, on the 
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Parramatta, Sydney, in April, 1942. This yard was 
operated very efficiently and economically for the 
Navy by a private company, to whom it was leased. 
Besides many other t; of seagoing wooden craft, 
20 motor launches, 112 ft. long and powered with twin 
Hall-Scott Defender engines developing 1,200 h.p., 
armoured, mounting guns, and carrying depth charges, 
were built there; others of this type were built by 
contract in other yards. Some types also were acquired 
from overseas, or built by contract in different yards ; 
and it became necessary to set up and train a special 
maintenance staff to deal with the highly-rated engines 
of these and certain other craft, which approximated 
to the standard of aircraft engines. 

During 1942, the need for small craft in the forward 
areas was felt increasingly by other Services, and 
remaining commercial and privately-owned craft were 
examined and requisitioned by the United States and 
Australian Services. Few of these available were suit- 
able and the Allied and Australian Services placed 
orders with boat builders for numbers of any likely 
looking craft that they would undertake to produce. 
The United States Army next requested the Suilding 
of a really large number of craft of various types ; this 
request was followed by similar requests from Australian 
Services, and it was plain that the building of small 
craft would have to be controlled and rationalised. 
In May, 1943, therefore, a Small Marine Craft Sub- 
Committee of the Defence Committee was constituted, 
comprising representatives of the Australian and 
United States Services, the Munitions De ment, the 
Allied Works Council, and the Central Cargo Control 
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Committee. Its functions were to determine the 
number of types of craft required, to standardise design 
as far as practicable, and to approve of designs before 
construction was undertaken. The Third Naval 
Member, as Chief of Naval Construction, was appointed 
chairman of this committee ; and the building of these 
craft, except in naval yards, was made the responsibility 
of the Shipbuilding Board. 

At their first session, the Committee concluded that 
some 6,962 craft, comprising 47 different types, 
powered and unpowered, ranging from 300 tons dis- 
placement downwards to small punts, etc., were 
required urgently; and that some 12,000 employees 
would be required to complete the work within 
18 months. Large demands for more small craft 
continued to be made from time to time until hostilities 
ceased. In September, 1943, owing to changes in 
the world situation, the munitions programme was 
much reduced, and considerable manufacturing capacity 
became available. It was then decided that the 
Munitions Department should set up a special direc- 
torate for the construction of small craft, and the 
Shipbuilding Board were relieved of this responsibility ; 
but the Small Marine Craft Sub-Committee still 
retained its responsibilities. The story of the building 
of small craft during the war is very involved. but it 
may be said here that a survey in January, 1945, 
showed 9,901 men engaged in this work, quite apart 
from the 20,000 or so employed on ship work ; and that 
all craft built for the Navy (several hundreds in all) 
were built under naval supervision, except for a number 
of concrete lighters, which were built by the Timms 
Bridge Com y, of Hobart, Tasmania, and supervised 
on behalf of the Navy by the Tasmanian State Public 
Works Department. 





The great number of internal-combustion engines 
required for small craft raised another problem—the 
provision of spare parts. An organisation had to be set 
up to procure, store and distribute spares and, as all 
orders for importing from any source engines and spares 
for marine work for all British and Australian Services 
passed through the Admiralty in London, the Royal 
Australian Navy undertook to be the local channel 
for primary supply and distribution for all British 
Services in the Australian area. Other Services under- 
took responsibility for demanding, handling and 
distributing their own requirements after receipt in 
bulk at the spare parts distribution centre. After 
hostilities ceased, the centre ceased its work for other 
Services, but the machinery and spare parts organisa- 
tion has become an important function of the Engineer- 
ing and Construction Branch. 

From the beginning of the war, plans had been in 
hand for basing a British fleet on Australia when circum- 
stances permitted, and the building of the Captain 
Cook Dock, which can be seen in Fig. 6, opposite, 
was a key item of this plan. Australian naval 
engineer officers had had no experience in docking 
really large ships, and therefore, by the courtesy of the 
United States Navy, arrangements were made early 
in 1944, when the dock was approaching completion, 
for the Engineer Manager at Garden Island and the 
Dockmaster to visit the United States naval base at 
Pearl Harbour to study the methods of docking large 
ships. This experience proved very valuable in deciding 
upon some of the facilities required in the Captain 
Cook Dock for the handling and docking of ships. 

Much other planning had been done to make ready 
for.the British Pacific Fleet and, in the final arrange- 
ment, the Royal Australian Navy refitting and repair 
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organisation took much the same part as it had taken 


for the United States and other Allied naval forces. 
By far the most work was done in Sydney, where the 
main Australian naval resources were, and where, just 
in time, the Captain Cook Dock was completed suffi- 
ciently to provide essential docking facilities. Early 
in 1945, ships of the British Pacific Fleet began to arrive; 
a few at first, and then large numbers of all types, 
for what was called a “replenishment period” of a 
few weeks, during which all the resources were concen- 
trated on these ships, making good action damage and 
the most. urgent defects, and fitting additional close- 
range armament. It was planned that, when the 
replenishment period ended, the port resources would 
return to their normal work; but, in fact, new units 
continued to arrive, and required continuous attention 
until the Fleet returned for the second “ replenishment 
period” with numerous battle scars to be removed. 

The aircraft carriers Formidable, Victorious and Inde- 
fatigable all had received damage to their flight decks 
by Kamikaze attacks and all were made fully opera- 
tional again in just over two weeks. To compete with 
the Kamikaze attacks, it was decided to improve the 
ships’ close-range armament by fitting 40-mm. Bofors 
guns, which had been made for the Australian Army, 


on to ships’ mountings. In all, 164 of these guns were 
fitted. addition, a local conversion of the twin 
Oerlikon power-worked mounting was made, and on 
this was fitted a cradle to take a single Bofors gun. 


A total of 157 twin Oerlikon mountings were thus 
converted and fitted, so that, altogether, the anti- 
aircraft armament of the British Pacific Fleet was 
increased by some 321 guns. 

The Captain Cook Dock came into operation without 
a hitch and, before the end of 1945, in addition to the 
Illustrious and Indomitable, the Duke of York, Anson, 
Implacable, Formidable, Indefatigable and King 
George V had all docked. In fact, the dock permitted 
the British Pacific Fleet to operate in the Pacific ; 
without it or some suitable substitute, the ships could 
not have been maintained in condition for warlike 
operations. 

Other schools and depots besides those at Flinders 
Naval Depot had been established by the end of the 
war, including a school (in Balmoral Naval Depot) for 
fire-fighting and damage control. Fire-fighting methods 
were developed enormously during the war, and the 
special training in fire-fighting, which is now a standard 
part of the training of every officer and man, saved 
many ships from total loss, and others from serious 
damage. 

A principal lesson of the war was that planning for 
defence in any future war cannot be done by any 
individual Service alone, but must be on a national 
scale, with plans for all Services co-ordinated with 
plans for the maintenance and supply, not only of those 
Services, but of the whole community. This is fully 
appreciated,and much is being done towards that end by 
the appropriate authorities; but it seems probable 
that the community at large accepts the principle 
without as yet realising or accepting its implications— 
far more comprehensive and detailed planning in peace 
time, with far larger staffs and greater expenditure. 
It is not possible to plan thoroughly on the required 
scale without these increases, and critics of the size of 
post-war staffs at all levels should bear this in mind ; 
and they must remember, also, that proper planning 
requires adequate training of those who may have to 
execute the plans in emergency. 

Within the particular compass of naval engineering, 
the principal impressions are of the scarcity in Aus- 
tralia of professional staff adequately trained in ship- 
building—especially in naval shipbuilding—to produce 
working plans, and the scarcity of experienced per- 
sonnel to implement the plans when produced. ES 
tralia’s isolated geographical position marks her as a 
war-time base for shipping, both naval and mercantile. 
It is essential that, in the years of peace, we should 
develop our capacity to maintain and service any 
friendly fleet that may be based here in war. For such 
steady development, a continuous naval building pro- 

e is n ; repair work and merchant ship- 
building alone are not sufficient. The Government 
have approved a programme of naval building which, 
though it may be small, is very valuable because it 
provides, inter alia, for the steady development, in 
the two largest industrial centres, of the building of 
advanced types of naval ships. It will help, too, to 
establish supporting industries—the building of gun 
mountings, propulsion gear-cutting, the manufacture 
of naval auxiliary machinery, etc. For these purposes, 
continuity is essential, and a reasonable amount of 
repetition work is an economic necessity. 

A steady building programme of the type at present 
approved will enable us to make good progress in all 
these matters. In the wider naval field, the war drove 
home the absolute necessity, under present methods 
of warfare, of naval aviation as part of a balanced naval 
force. The Government have approved of the addition 
of carriers and carrier-borne aircraft to the Royal 
Australian Navy. The great developments, too, in 








electronics, and the growing use and complexity of 
electrical equipment, have brought into being a new 
Electrical Branch to handle the electrical engineering 
for all such equipment in ships, aircraft, and establish- 
ments, other than that for which the Engineering and 
Construction Branch is at present responsible at the 
Navy Office and in the Australian naval dockyards. 

I have said nothing so far about new forms of pro- 
pulsive oe turbines, and power from 
nuclear fission. Naturally, much thought is being 
given to these ; and you will probably be aware of the 
relevant remarks of that distinguished Australian 
engineer, Sir Claude Gibb, C.B.E., F.R.S., which 
appeared in ENGINEERING of Febru 7, 1947." He 
observed that some believe that the gas turbine will 
open up a new era, but the solution to its many problems 
lies almost entirely in metallurgy ; to make full use of 
the gas turbine and obtain long life, new materials will 
be required. The probability of obtaining these 
materials is not great, but new materials are required 
before atomic energy can have other than very limited 
application. These views reinforce the opinion that, 
for the moment, we are right in pursuing our present 
course along the lines of improvements in proven types 
of machinery, while making ourselves y to launch 
out at the appropriate time. 

Again, I have not ventured any prophecies on the 
*“* push-button war” which seems to hold so many 
possibilities, and, in the opinion of many, has rendered 
navies obsolete. I will rather take refuge behind 
another great name. Admiral Nimitz, in an address on 
April 5, 1946,* said: “The Navy consists of an 
organisation with certain functions to perform, and 
certain agencies for performing them. The functions 
of the Navy will not be obsolete so long as men are 
inclined to fight. The instruments used to discharge 
these functions do become obsolete, of course, but that 
does not make the Navy obsolete by any manner of 
means. To think of the Navy in terms of battleships 
is not the weakness of Admirals ; it is the ignorance of 
people who know nothing of sea power. The Navy 
must remain flexible and adaptable; changing, not 
to meet changing conditions, but through research, 
anticipating change. Electronics, guided missiles, 
atomic energy, have marked for obsolescence not only 
fleets as we know them, but likewise airplanes, and the 
standard deployment of land forces. It may be that 
the capital warship of the future will be the submarine 
—the true submarine—able to fight as well as to travel 
under water, and to remain submerged at great depth 
for weeks . . . I think that carriers will also play an 
important part in a future of pilotless planes. 

ere is now a live and growing organisation in 
Australia to take a larger share in research and develo 
ment for the defence of the British Commonwealth. 
It seems reasonable to believe that, though the revolu- 
tionary changes in naval ships and weapons now 
envisaged will some day come, the development will not 
be in the twinkling of an eye, but will be gradual over 
some a even over several decades. In the 
meantime, if the Navy is to remain flexible and adapt- 
able, it must also remain alive and vigorous, and be 
given training in the best use of the ships and weapons 
and techniques of to-day, so that it may be ready to 
develop in time for those of to-morrow. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—tThe Association of Supervising Electrical Engineers, 
54, Station-road, New Barnet, Hertfordshire, announce 
that entries for the Thurston Award, 1948-49, will be 
received up to Thursday, March 31, 1949. This award, 
which consists of a silver trophy and a cash prize of 
101., is given yearly for the electrical invention which is 
judged by the Inventions Competition Committee to be 
the most valuable contribution to the advancement of 
the utilisation of electricity or the improvement of 
distribution or installation technique. It is thus hoped 
to encourage inventiveness and the recognition of 
inventions which might otherwise be neglected. 





FLUORESCENT LIGHTING CONTROL UNITS.—The con- 
trol units for fluorescent lighting tubes, which have been 
developed by tbe Plessy Company, Limited, Ilford, 
Essex, embody choke coils in which cores of high-silicon 
electric steel are used. The coils themselves consist of 
high-conductivity copper wire with paper between each 
layer. After being assembled to the core, each coil is 
carefully adjusted and is then impregnated. The power 
factor and phase-changing condenser used are provided 
with leak resistances to obviate the possibility of shock. 
Care has also been taken to reduce noise and stray 
magnetic flux. All the components are housed in a 
pressed aluminium case filled with a bitumen compound 
and the connections are made to an easily accessible 
terminal block. Three units, with voltage ranges from 
200 to 210 volts, 220 to 230 volts, and 240 to 250 volts, 
are available fcr all tubes from 20 to 80 watts. 





* The Marine Engineer and Shipping Review, May, 1946. 
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HYDRAULIC APPARATUS. 


599,791. Hydraulic Accumulator. Wellman Seaver 
Rolling Mill Company, Limited, and C. Brooks, both of 
London. (3 Figs.) February 4, 1944.—This invention 
relates to hydraulic accumulators of the weight-loaded 
type. In such apparatus, should the flow of water from 
the accumulator be suddenly stopped the arresting of 
the falling weight will cause a shock load which may 
have dangerous results. The main object of the invention 
is to provide a hydraulic accumulator in which such 
shock loads will be suitably cushioned. This is effected 
by combining with a weight-loaded type of hydraulic 
accumulator an air cylinder and a piston, one connected 
to the weight and the other submitted to the pressure of 
the water in the accumulator. In the drawing, 1 is the 
cylinder and 2 the ram which moves within it. The end of 
the ram 2 has an extension 3 fixed to it constituting a 
piston which is movable in an air cylinder 4. The weight 5 
is ce ted by pension rods 6 to projectiqns 6a from 
the air cylinder 4, and the latter also has extensions 7 
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through which pass a series of guide rods 8 fixed at their 
ends to projections 9 from the base of the extension or 
piston 3 where it is fixed to the ram. Alternatively, the 
projections 9 to which the guide rods 8 are fixed may be 
from the cylinder 4 and the extensions 7 through which the 
guide rods pass be from the piston 3. There are three sus- 
pension rods 6 and three guide rods 8, spaced equally 
around the cylinder 4. In use, the ram 2, the weight 5 
and the air cylinder 4 rise and fall together. Should the 
flow of water from the accumulator be suddenly stopped, 
however, the weight 5 will tend to continue to fall and 
consequently the air cylinder 4 will move in relation to its 
piston 3 and provide a cushioning effect. During this 
movement the cylinder 4 is guided by the guide rods &. 
By this invention large-capacity accumulators of the 
weight-loaded type can be built economically, and the 
requisite cushioning effect obtained without elaborate 
precautions being necessary to prevent the air from get- 
ting into the hydraulic mains, which precautions must 
be taken with the pistonless type of air-loaded accumu- 
lator. (Accepted March 22, 1948.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


598,803. Surface-Hardening the Threads of Worms. 
David Brown and Sons (Huddersfield), Limited, and W. J. 
Thaw, both of Huddersfield, Yorkshire. (1 Fig.) Septem- 
ber 11, 1945.—The invention is a machine for facilitating 
the surface-hardening of the threads of worms or screws. 
The ends a!, a?, of the worm spindle a or of a spindle upon 
which the worm or other workpiece is made fast, are 
supported between centres 6!, b?, and are rotatively con- 
nected by suitable carriers c, c!, to axially movable 
spindles d, d'. The spindle d is guided in a bore in a 
suitable tailstock e and the other spindle a! engages 
in a sleeve f which is driven at the required speed 
by a motor through speed-reducing mechanism. The 
burners g heat both flanks of the thread simultane- 
ously and the quenching liquid is directed on to the 
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thread by the tubes hk. Axial movement of the worm op 
workpiece, simultaneously with its rotation, is effecteg 
by providing adjustable stops i which engage a. flank of 
the worm at one or more points in the length of the wor,. 











piece. This arrangement enables a surface-hardening 
machine to be constructed in a very simple manner, and 
the method of effecting the requisite axial translation of 
the workpiece by causing its thread to make contact with 
one or more adjustable stops enables threads of any pitch 
to be dealt with. (Sealed.) 


MISCELLANEOUS. 


599,947. Felt Conditioning in Paper-Making Machines, 
Vickerys, Limited, and F. W. Vickery, both of London. 
(2 Figs.) September 25, 1945.—This invention relates 
to the art of paper-making. It is now common practice 
to maintain or restore the condition of the felt of a 
paper-making machine by the aid of a conditi¢ner, which 
consists essentially of a reciprocating narrow jet of 
water, which is delivered upon the face of the felt with 
sufficient force to penetrate it, the fluid being withdrawn 
by the suction of a suction box which may extend across 
the whole width of the felt, or may be of short length 
and reciprocate with the jet. It has been found that the 
effectiveness of the felt conditioner becomes impaired 
after a time, due to the accumulation within the con- 
ditioner suction box of a mass of undesirable matter. 
The object of the invention is to obviate this trouble. 
The drawing shows a felt conditioner shoe 10 having a 
cover plate 12. The shoe 10 has a v tion 14 
and a water supply connection 16 which passes through 
a boss 18 and has an individual cover 20 in which a 
slot 22 is formed to receive water through the pas- 
sage 16 and to deliver it to the felt. An opening in 
the cover plate 12 completely surrounds the slot 22 
and communicates with the vacuum line. It serves 
primarily to hold the felt against the pressure of the jet 





(699,947) 





emerging from the slot 22 and thereby assures actual 
penetration of the water into tbe interstices of the felt. 
The opening is followed by a series of vacuum openings 
26, all of which operate to remove cleaning water from the 
felt. As the felt leaves the conditioner, it passes over a 
final vacuum opening 27 which is made of somewhat 
greater width than the openings 26. The relatively 
sharp curvature 30 at the end of the shoe 10 adjacent 
the final vacuum opening 27 forms a trap in which 
agglomerations are particularly apt to form. This is 
also true of the cut-away portion 32 of the boss 18. At 
both of these points there is also a minimum amount 
of water being withdrawn from the felt. In order to 
flush away agglomerations at points 30 and 32, a passage 
36 is formed in the boss 18 and connects with the water 
Passage 16. A second passage 38 leads from the upper 
end of the passage 36 to a point where it will feed into 
location 32. A groove 40 is formed in the cover plate 12 
extending around its entire periphery and intersecting 
the upper open end of the passage 36. Adjacent the 
final vacuum opening 27 two passages 42 are formed 
in the cover plate 12 and intersecting the groove 40, thus 
forming downwardly directed water jets 44 which play 
against location 30. (Accepted March 24, 1948.) 
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THE DESIGN AND CON- 
STRUCTION OF THE 
ANDERSON RANCH DAM. 


By Exuis L. ARMSTRONG. 


Tae Anderson Ranch Dam is situated on the 
South Fork of the Boise River in the south-west 
corner of the State of Idaho, which lies in the west 
of the United States, contiguous to the States of 
Oregon and Washington on the Pacific seaboard. 
The dam, which is nearing completion, is the highest 
earth-fill dam in the world and the sixth highest of 
any type. Measuring 456 ft. in height above the 
rock foundation, 3,000 ft. wide at stream-bed level, 
40 ft. in crest width and 1,350 ft. in crest length, the 
dam contains 9,200,000 cubic yards of earth and 





The complete development scheme which has been 
undertaken includes a diversion dam on the Boise 
River, the construction of 70 miles of main canal 
with a maximum capacity of 2,800 cub. ft. per 
second, 1,350 miles of lateral canals and 325 miles 
of open drain. Power will be generated at the 
Boise River diversion dam as well as at the Black 
Canyon Dam. Under present conditions, there are 
serious late-season water shortages in the 325,000- 
acre developed area of the Boise Valley, and the 
immediate purpose of the Anderson Ranch Reser- 
voir is to furnish additional storage. The per- 
manent purpose of this new reservoir, however, is 
to serve as a source of supply for the irrigation of 
the 460,000-acre Mountain Home Area which is 
indicated in Fig. 2. A diversion dam situated about 
five miles downstream from the Anderson Ranch 
Dam will divert the water to a tunnel which will 














rock material. The embankment was completed in! serve a system of canals and laterals ; the position 
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October, 1947, and work on the spillway, outlet 
controls and power house is now in progress. 

The Boise River is a tributary of the Snake River 
which rises in the neighbourhood of the Great Salt 
Lake in Utah and joins the Columbia River in the 
State of Washington. The Boise River and the 
location of the dam are shown in the map reproduced 
in Fig. 1, on this page. The dam is a major unit 
in the United States Bureau of Reclamation plans 
for the development of the land and water resources 
of south-west Idaho. It will provide irrigation 
storage, flood control, silt retention, power and 
recreational benefits and will create a 500,000 acre- 
foot reservoir situated about 40 miles south-east of 
the town of Boise. The Boise Valley is already the 
scene of one of the earliest and most successful 
irrigation projects sponsored by the United States 
Government. It contains 325,000 acres of highly- 
developed farm land irrigated by waters from the 
Boise and Payette Rivers. This developed area, 
lying to the west of the town of Boise, is indicated 
in the map forming Fig. 2, on this page. Storage 
water for the developed area is provided by the 
Arrowrock Reservoir situated downstream from the 
Anderson Ranch Dam at the confluence of the 
North and South Forks of the Boise River, as shown 
in Fig. 2. The reservoir was formed by the building 
of the 354-ft. high concrete Arrowrock Dam, which 
at the time of its completion in 1915 was the highest 
in the world. The western part of the developed 
area lying around the Payette River is supplied 
from reservoirs formed by the Black Canyon Dam, 
& concrete structure 183 ft. high, and the Deadwood 
Dam, which is a concrete-arch structure with a 
maximum height of 170 ft. Additional storage 
water is held in the Deer Flat Reservoir, situated in 
the developed area. 
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of the tunnel is shown in Fig. 2. Before the diver- 
sion is put into operation, however, it will be neces- 
sary to replace the diverted Boise River water by 
surplus r for the Payette River, which will be 
conserved by the Cascade Reservoir, now under 
construction, and by the projected Garden Valley 
Reservoir. The sites of these works are shown in 
the upper part of Fig. 2. 

The undeveloped Mountain Home Area is at 
present covered with brushwood, but it is considered 
that when irrigated it will become as fertile as the 
Boise River Valley in which the gross crop value 
per acre for 1946 ranged from 60 to 125 dols., with 
an average of 85-71 dols. The Anderson Ranch 
Reservoir, in addition to serving the mountain area, 
will provide flood-control service for the Boise Valley, 
which is estimated to represent a sum of more than 
275,000 dols. annually. The lower 30,000 acre-ft. 
of the reservoir will be reserved for silt control. A 
power plant in the toe of the dam will contain two 














15,000-kVA generating sets and it is considered 
that, by operating the plant in conjunction with other 
power stations forming part of the project as a 
whole, a continuous output equivalent to 
100 million kWh. a year will be obtained. The 
Anderson Dam project is the outcome of many years 
study of the problem of providing additional water 
in the Boise area. The investigation was made by 
the Bureau of Reclamation in conjunction with 
Army Engineers and the Department of Agriculture. 
All the design and construction work is carried out 
by the Bureau. 

The South Fork of the Boise River originates in 
the high peaks of the Sawtooth Range, which rise 
to a height of more than 10,000 ft. The river 
follows a tortuous path, south, west and north-west, 
before it debouches from its rugged canyon into the 
Boise Valley plain at an elevation of 2,700 ft. The 
bulk of the rock along its course is a coarse-grained 


granite of the Jurassic age. This large intrusive 
mass is present over a large area in Idaho and 
extends into western Montana. In the Boise River 
drainage area, the upper parts of the older rock 
into which the granite has intruded has been 
stripped away and the granite is deeply intersected 
by numerous streams which divide the region into 
countless spurs and ridges. The granite is jointed, 
fractured, and locally crushed. Numerous dikes of 
pegmatitic, syenitic, and dioritic rock cut the 

i Because of the strained and broken con- 
dition, the rock generally disintegrates rapidly under 
the influence of weathering. 

During the late Tertiary time, the ancestral 
South Fork in the vicinity of Anderson Ranch Dam 
excavated a relatively wide valley with a floor about 
400 ft. above the present stream-bed. This valley 
was subsequently filled with basaltic lava to a depth 
of about 600 ft. The river then carved a narrow 
canyon through this material downward into the 
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granite to a depth of 1,100 ft., or about 125 ft. below 
the present stream-bed. A later outpouring of lava 
downstream from the dam site filled the narrow 
canyon to a depth of 400 ft., and formed a deep, 
narrow lake. The river and its tributaries deposited 
their debris in this lake as deltas, in some instances 
extending entirely across the narrow canyon. The 
river gradually cut through the lava flows and as 
the lake lowered, began eroding the delta deposits. 
The sidestreams then discharged their loads on the 
gently sloping surfaces of the deltas. As a result, 
overlying the delta-deposited silts, sands, and 
gravels, there is a considerable thickness of torrential 
outwash consisting mainly of large basalt boulders 
and silt. The present stream flood plain is covered 
with from 5 ft. to 30 ft. ot recent river gravels, 
cobbles and small boulders consisting mainly of 
clean, hard, fresh particles of granite. The reservoir 
formed by the Anderson Ranch Dam is about 
13 miles long and averages less than 4 mile wide at 
the maximum water surface. Beneath the reservoir 
the bedrock is entirely granite, and no leakage pro- 
blems are inherited from the lava flows. 

At the site of the dam, the foundation rock in the 
river bed was overlain. by a maximum of 125 ft. of 
silt, sand, gravel, and boulders with fine sand pre- 
dominating. The material was somewhat lenticular 
in stratification ; thin layers of silt and clay existed 
in the sand and gravel. The overburden on the 
abutments consisted mainly of talus materials, and 
decomposed granite intermixed with remnants of 
sand and gravel delta deposits. The foundation 
rock consists of various varieties of intrusive igneous 
rock, mainly granite. It is cut by many dikes of 
basic rock and stringers and irregular masses of 
pegmatite. It is traversed by a complex system of 
shear planes and joints, and the quality of the rock 
changes appreciably over short distances. Zones 
of minutely sheeted, extremely friable, material 
intervene between hard slabs, even in areas that 
appear to be made up of hard rock. The texture 
of the granite is generally medium to coarse grained ; 
quartz and orthoclase feldspar are the predominant 
minerals. Geologists consider that the bedrock as a 
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Fig 4. 


whole has been affected by locally intense hydro- 
thermal alteration, which in some regions has pro- 
duced clay minerals of the montmorillonite type in 
the rock seams. In the river bottom, and up the 
right abutment, the bulk of the rock exposed by 
excavation was fairly hard with narrow zones of 
sheeted and weathered rock. Although many of 
these weak zones extended to at least 150 ft. below 
the surface, they generally proved tight and are 
enclosed in hard, substantial rock. Exploratory 
work and later excavation revealed that the left 








DAM UNDER CONSTRUCTION, JUNE, 1946: View LooKkine up Canyon. 


abutment rock above river level was generally 
shattered and broken. A slide developed high on 
the left abutment above the spillway excavation 
and, required considerable excavation to stabilise. 
The rather weak condition of the foundation rock, 
particularly the left abutment, was one of the 
important factors that led to the decision to con- 
struct an earth-fill dam. The materials available 
for embankment construction consisted of the delta 
deposits in the canyon overlain by the alluvial out- 
wash. This material was generally of a pervious or 
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semi-pervious nature. The talus basaltic slide rock 
and the oversize in the torrential outwash material 

vided an excellent source of riprap. Impervious 
materials formed from decomposed granite were 
located on the bench lands above the canyon in 
ample quantities for an earth-fill dam. The flood 
plain of the stream in the canyon bottom contained 
deposits of suitable aggregate for concrete. 

Because of the confining canyon walls it was 
necessary to adopt an unusually compact plan for 
the dam and appurtenant structures. The dam is 
located near the centre of a bend in the river; and 
the outlet tunnel and control structures, the spill- 
way, and the power-house are located on the short 
side of the bend, as shown in the plan reproduced 
in Fig. 3, opposite. An idea of the nature of the 
site will be obtained from the photograph repro- 
duced in Fig. 4, opposite. This shows the dam 
partly constructed and water already being stored 
in the reservoir behind. The outlet works can be 
seen near the bottom of the zigzag road which has 
been cut on the canyon slope. A number of pro- 
blems presented themselves in designing the dam 
embankment. The most important included pro- 
viding stability of the embankment with the un- 
precedented height, reducing seepage through and 
under the dam to an acceptable minimum, and 
providing for the most economical use of materials 
available in the vicinity and obtained from excava- 
tion. The requirements of the construction pro- 
gramme were also of great importance. 

The design of the embankment section was 
gradually modified in stages as data became available 
from investigations. As problems clarified, it 
became necessary to revise original assumptions to 
conform to actualities. Revision continued through- 
out the preliminary, specification and construction 
stages. The section of the dam on the river channel, 
as constructed, is shown in Fig. 5, on page 156. 
The arrangement consists of an impervious centre 
zone, a, with progressively more pervious zones 
b and c, which on their outer slopes are protected 
by rock-fill on the downstream and riprap on the 
upstream faces. Zone a consists of impervious 
material of selected clay, sand and gravel composi- 
tion rolled in 6-in. compacted layers; zones b 
consist of semi-pervious material of selected clay, 
sand and gravel graduated in coarseness towards the 
outer slopes and rolled in 6-in. compacted layers ; 
zones ¢ consist of pervious material of selected sand 
and gravel placed in 12-in. layers and compacted by 
sluicing and by the travel of construction vehicles 
over the surface. The upstream slope is 3:1 
for the upper 114 ft. and then 3}: 1 to river level 
except for a 50-ft. berm at elevation 3960, the top 
of the permanent cofferdam. The downstream 
slope is 2:1 for the upper. 114 ft., 2}: 1 for the 
next 145 ft., then 8 : 1 to the storage and switch-yard 
levels at the downstream toe. These slopes and 
the zoning satisfied theoretical analyses and prac- 
tical considerations for stability and provided for 
the most efficient construction programme. A 
cut-off trench, 200 ft. wide at bedrock, extends 
through the river bottom materials and the abut- 
ment overburden. The width is progressively 
decreased up the abutments. Two concrete cut-off 
walls with a maximum height of 16 ft. and with 
footings extending 3 ft. or more into the bedrock 
are located across the bottom in the cut-off trench 
and up the abutments. These serve to prevent 
seepage along the contact of the cut-off trench 
backfill and bedrock and through broken surface 
rock. Grout curtains consisting of holes up to 
150 ft. deep and on 10-ft. or less centres, are provided 
under each of the cut-off walls to prevent or reduce 
seepage through the foundation rock. Provisions 
were made for blanket grouting the area between the 
walls with holes on about 20-ft. centres and 30 ft. 
deep. The heavy rock fill at the downstream toe 
is underlain with a 6-ft. thick filter blanket of sand 
and gravel to prevent piping of the fine sand founda- 
tion material into the rock fill. 

The spillway is a concrete-lined open channel 
excavated through a prominence of the left canyon 
wall and down the abutment to discharge into the 
river channel below, as shown in Fig. 3. It is 
designed for a maximum discharge of 20,000 cub. ft. 
per second, with the flow regulated at the crest by 
two 25-ft. by 22-ft. radial gates. The channel chute 
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is unusually steep, having a maximum slope of 0-70, 
and the floor is anchored to the rock with 1}-in. 
square steel bars spaced at 7-{t. centres. The 
channel width flares from 53 ft. near the top to 
100 ft. at the stilling basin in order to spread the 
sheet of water as it flows down the incline and into 
the stilling basin. Dentated sills are placed in the 
stilling basin. Because of the limited space in the 
canyon, the lower end of the spillway channel 
extends over the outlet structure, as shown in the 
profile of the spillway given in Fig. 6, on page 156. 

It was originally plannea to line-drill the rock at 
the gate structure location and place the concrete 
walls directly against the rock, anchoring them with 
steel bars. The broken, shattered condition of 
part of the rock, disclosed by additional investi- 
gations, dictated a change in design and the struc- 
ture was provided with counterforted walls. A 
drainage system, consisting of sewer-pipe drains 
embedded in clean gravel, is provided under the 
spillway floor and behind the walls downstream 
from the gate structure. An ice-prevention air 
system, consisting of air compressors, distributing 
pipes and strategically located discharge nozzles, 
will be installed in the gate structure to prevent the 
building up of ice against the radial gates, which 
will be operated by automatic float-controlled power 
hoists. 

The outlet tunnel, situated at the south side of 
the dam, as shown in Fig. 3, has an inside diameter 
of 20 ft. and is lined with concrete of an average 
thickness of 2 ft. It has a straight alignment and 
a total length of about 1,700 ft. This tunnel also 
served as a diversion tunnel for the river during the 
construction of the dam. It was originally intended 
that the permanent intake from the reservoir to the 
outlet tunnel should be situated about 80 ft. directly 
above the line of tunnel, to which it was to be con- 
nected by an inclined shaft intersecting the tunnel 
170 ft. from the inlet portal. As excavation pro- 
ceeded, however, the rock above the portal was 
found to be so unstable that a revision of the plan 
was necessary, and the intake was moved to a 
position about 200 ft. to the north of the tunnel line 
and above the cofferdam. The intake is provided 
with an inlet structure furnished with trash racks. 
The position of the structure and intake in relation 
to the outlet tunnel is shown in Fig. 3 and a cross- 
section of the arrangement is given in Fig. 7, on 
page 156. A view of the inlet structure nearing 
completion, and showing the trash racks is given in 
Fig. 8, on page 156. 

Connection to the outlet is made through an 
inclined tunnel, which intersects the main tunnel at 
a point 350 ft. from the inlet portal. This inclined 
tunnel is shown in Fig. 7. A 15 ft. 3 in. by 30 ft. 
fixed-whee] bulkhead gate is provided for emergency 
closure of the inclined tunnel. It is operated by a 
hydraulic winch through a 6}-in. diameter steel 
shaft 380 ft. long, as indicated in the figure. After 
the intake structure and the inclined tunnel had 
been completed, the main tunnel, which up to this 
period had served as a diversion tunnel, was plugged 
with concrete for a length of 80 ft. upstream from 
the intersection point of the inclined tunnel. 

The outlet discharge from the reservoir will be 
controlled through a steel penstock 15 ft. in diameter, 
which extends through the downstream half of the 
outlet tunnel and terminates in the outlet structure 
located under the lower end of the spillway floor. 
A concrete plug, indicated in Fig. 7, is located at 
about the centre of the tunnel length to divert the 
water flow into the penstock. The control works 
housing is divided into five separate units by con- 
crete walls ; these walls support the spillway above. 
In each of these units is located a 72-in. ring follower 
emergency gate and a 72-in. diameter hollow-jet 
operating valve, as shown in Fig. 9, on page 156. 
Air is supplied to these sluiceways through vent 
shafts located on each side of the spillway. Branches 
from the 15-ft. penstock also lead to the power plant, 
as shown in Fig. 3. The battery of five hollow-jet 
valves have a discharge capacity of 10,000 cub. ft. 
per second, thus the spillway and outlets combined 
have a maximum discharge capacity of 30,000 cub. ft. 
per second. The reinforced-concrete power house, 
70 ft. wide by 104 ft. long, is located alongside the 
outlet control structure. It will house two 





15,000-kVA vertical-shaft generators driven by 
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trolled by 100-in. butterfly valves. Provision is 
made for the installation of a third unit of equal 
capacity at a later date. The switch-yard will be 
located at the downstream toe of the dam and a 
high-tension transmission line will extend to a sub- 
station near Mountain Home for connection with 
existing and future power transmission networks. 


(To be continued.) 
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The Industrial Environment and Its Control. By J. M. 
DALLAVALLE. Pitman Publishing Corporation, 2, 
West 45th-street, New York 19, U.S.A. [Price 4-50 
dols.]; and Sir Isaac Pitman avd Sons, Limited , 
Parker-street, London, W.C.2. [Price 30s. net.] 

Tuis book, by a former member of the United States 

Public Health Service, in the words of its preface, 

is ‘‘ intended chiefly for engineers interested in con- 

trolling those factors of the industrial environment 
which affect the health and welfare of workers.” 

It touches only lightly upon the medical aspects of 

occupational disease prevention, and deals rather 

with the physics, chemistry and mechanics of indus- 
trial environments, and with means of controlling 
them. The Industrial Hygiene Division of the 

Public Health Service has been active since 1914, 

and has conducted a great deal of research leading 

to the development of many present-day standards. 

The work was greatly extended by the Social 

Security Act of 1936, and State and local industrial 

hygiene units now spend 14 million dollars annually 

on advisory services, the corrective measures being 
taken by industry itself. 

Some interesting statistics are given in an intro- 
ductory chapter entitled “Scope of Industrial 
Hygiene.” Ina peak war-production year, 2,414,000 
industrial disabilities occurred, involving a loss of 
57 million working days. In a further chapter, 
“Problems and Trends,” it is stated that, among 
disabilities lasting one week or more, respiratory 
diseases were responsible for 42-4 per cent. of all 
sickness and industrial accidents in several large 
industries : the proportion would be much higher if 
shorter periods were included. The figures lend 
weight to the contention that “ practically all pro- 
blems relating to industrial contaminants are solved 
by ventilation methods,” and justify the detailed 
treatment accorded in the book to ventilation, and 
particularly to the design of exhaust hoods and 
systems, in which field Mr. Dallavalle is an acknow- 
ledged authority. The correlation-of- medical and 
engineering studies has established the * limits of 
tolerance” for most industrial dusts, gases, and 
vapours, the tolerance being defined as the average 
condition of the environment over long periods, 
although in most industrial operations “ dust- 
floods” or their equivalent occur at times. It is 
interesting to note that the tolerance for both ozone 
and phosgene is one part per million. 

Thermal conditions of an environment are ana- 
lysed in terms of both “operative temperature,” 
which neglects humidity, and “effective tempera- 
ture,” which neglects radiation, but the influence 
of these factors, and of air temperature and velocity, 
is considered : the results are related, of course, to 
American conditions. Each chapter in the book is 
followed by a list of references, but, although these 
include a number of British authorities on various 
subjects, it is disappointing to find no mention of 
Dr. T. Bedford’s classic work on thermal environ- 
ments. The limitations of present knowledge of 
air-borne infection are indicated, together with the 
need for further research in bacteria control, and 
particularly with regard to ultra-violet installations. 
The inconclusive state of knowledge of atmospheric 
ionisation is also mentioned. 

Of the 219 pages of text, 144 are devoted to 
various aspects of ventilation and heating. The 
remainder cover a number of the remaining factors 
in the industrial environment, including’ natural 
lighting (with a nomogram, devised by the author, 
for the estimation of window sizes), space require- 
ments, sanitation, etc. An interesting chapter 
deals with ‘‘ Noise, Vibration, and Fatigue.” It 
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when intense, at its lower levels of intensity con- 
tributes to emotional disturbances and fatigue.” 
The complex nature of industrial fatigue is dis- 
cussed, and on the evidence available it is concluded 
that an eight-hour day and a five-day week result 
in the greatest efficiency of output : a case is cited in 
which working hours in a munitions factory were 
increased from 40 to 60 per week, but with a 
resultant increase in output of only 7 per cent. It 
is well, incidentally, when alterations in working 
hours are contemplated, to consider their possible 
domestic repercussions ; irritation at home cannot 
conduce to efficiency at work. 

The results of industrial hygiene can only be 
assessed after long-term observation, and are likely 
to be complicated by many factors—changes in 
industrial technique, in working hours, and in 
social habits apart from industry, particularly as 
regards cleanliness and nutrition. Readiness on 
the part of the workpeople to seek medical advice, 
and improvements in methods of diagnosis and 
treatment, also have an influence. Another factor 
is termed, in the book under review, the “sifting ” 
of employees, indicating the tendency of light 
industry to attract persons of poor physique. 
Interest in industrial welfare has been sharply 
emphasised in recent years, and rightly so, and the 
economic, as well as the humanitarian, aspects of 
the subject are becoming increasingly well under- 
stood. Although this book is primarily intended 
for engineers, it is packed with information which 
will be of interest to administrative and medical 
authorities, and not least to all concerned with the 
provisions of our own Factories Act. To these, and 
to all interested in the health and welfare of the 
industrial population, it can be recommended. 





An Introduction to Filmstrips. By H. R. and I. W. 
DaNcE. George G. Harrap and Company, Limited, 
ary High Holborn, London, W.C.1. [Price 2s. 6d. 
net. 

WaR-TIME conditions, involving the rapid instruc- 
tion in technical matters of large numbers of 
trainees, possessing widely different capacities for 
mental absorption, and often of different nationali- 
ties, led to the development of various new methods 
of teaching. Among these, the filmstrip—a length 
of 35-mm. film, of which the successive frames are 
shown separately to the audience, as “stills ”— 
proved to have several distinct advantages over the 
familiar cinematograph film, even when the latter 
was of the talking variety and accompanied by the 
remarks of an expert commentator. Not the least 
of these advantages is the freedom which it affords 
to a speaker to vary the rate of showing, and to 
dwell on one picture more than another as can be 
done with ordinary lantern slides, without the 
problems of first cost and transport which handicap 
the lecturer whose slides are at all numerous. 

In the development of filmstrip technique, the 
authors of this excellent booklet have done a great 
deal of pioneer work, and the advice that they give 
can be accepted as authoritative since they write 
from first-hand experience. Some of the fruits of 
that experience are evident in the illustrations, 
which are notable for the skill with which they have 
been prepared and arranged to point the successive 
morals. Their remarks are addressed to the makers 
and the users of filmstrips—who may be one and 
the same, though, as might be expected, the amateur 
maker will find that there is much to learn before his 
product can rival that of the professional; and the 
view-poins most frequently assumed or presented is 
that of the teacher lecturing to a class. That is 
not to say, however, that the use of filmstrips is 
a matter of interest mainly to schools for children ; 
they are particularly well suited to the purposes of 
technical instruction, and their lightness and com- 
pactness should commend them especially to lec- 
turers who have much travelling to do. For the 
guidance of those who, in compiling filmstrips, 
wish to photograph copyright matter, the authors 
include a few short, but eminently practical, para- 
graphs on the subject of copyright, to which they 
might have added the advice always to acknowledge 
the source of extracts made; in nine cases out of 
ten, where the purpose is instructional, holders of 
copyright will ask no more, but they will probably 
feel that they are entitled to expect no less. 


COUNTERBALANCE TESTS 
ON AMERICAN HIGH-SPEED 
LOCOMOTIVES. 


ALTHOUGH the problem of counterbalancing the 
reciprocating steam locomotive dates back to the 
very early days of railway history, the subject is 
still controversial in several respects, and even 
productive of sharply contrasting opinion regarding 
the proportion of the reciprocating masses which 
should be balanced on two-cylinder engines. Thus 
Sir Harold Colam and Major J. D. Watson* contend 
that experience in India, supported by the results of 
comparative trials on the Madras and Southern Mah- 
ratta Railway, establishes a prima facie case for 
abolishing the overbalance which arises from the 
practice of partly counterbalancing reciprocating 
parts by the addition of rotating masses in the driv- 
ing wheels. E. S. Cox,t} on the other hand, considers 
that theory and practical evidence both indicate 
that some degree of reciprocating counterbalance is 
still required if undue longitudinal oscillations of the 
locomotive are to be avoided. Designers are agreed, 
of course, that the successive accelerations and 
decelerations of the reciprocating masses, which 
are out of phase on the two sides of the engine, tend 
to make the locomotive oscillate both longitudinally 
and about a vertical axis. Equally it is agreed 
that to prevent these horizontal oscillations by 
masses mounted in the driving wheels introduces 
vertical components of centrifugal force of precisely 
the same character as the original out-of-balance 
due to the rotating parts connected to the driving 
wheels, and leading to the same undesirable effects 
of hammer-blow and tendency to lift the wheel off 
the rail. 

Perfect balancing of a locomotive could be 
achieved only by some method whereby the centre 
of gravity would remain fixed relatively to the 
machine, the revolving parts being counterbalanced 
by revolving masses and the reciprocating parts 
counterbalanced by reciprocating masses. The 
rotating parts can, in fact, be counterbalanced with 
exactness, variation in practice being concerned with 
the degree of refinement justified by the working 
conditions of the locomotive ; but the unsuccessful 
attempts of early English locomotive designers 
proved that it is impracticable to counterbalance 
reciprocating parts by opposed reciprocating masses. 
The present alternative practice of counterbalancing 
a proportion of the reciprocating parts of two- 
cylinder locomotives by masses in the driving wheels 
offers the great merit of simplicity, and the most 
successful compromise between the conflicting effects 
thereby introduced evidently depends upon the 
inertia and other design features of the locomotive, 
upon certain characteristics of the permanent way, 
and upon the speed and other conditions under 
which the locomotive is operated. Herein, no 
doubt, lies at least part of the explanation for diver- 
gences in practice which, in different locomotives and 
railways, are said to give satisfactory results. 

On the whole, the present trend is towards a 
reduction of the proportion of the weight of recipro- 
cating parts which is counterbalanced, but, at the 
same time, rather towards increased knowledge and 
greater precision of counterbalancing than towards 
the mere abolition of reciprocating counterbalance 
as being unnecessary. Experiments{ have demon- 
strated conclusively, indeed, that the riding and 
tractive qualities of a two-cylinder locomotive can be 
seriously impaired by insufficient counterbalancing 
of reciprocating parts, just as certainly as excessive 
hammer-blow and even wheel-bounce can occur 
when as much as two-thirds of the reciprocating 
mass is balanced. The practical consequences, in 
this country, have been the less marked in that many 
recent British designs of locomotives for high-speed 
service have had three or four cylinders, while, for a 
long time, the restriction of reciprocating mass 
generally has been accorded the attention that it 
deserves. 


* Jl. Inst.C.E., vol. 17, page 197 (1941-2); also Proc. 
I. Mech. E., vol. 146, page 163 (1942), and JI. I. Loco. E., 
vol. 31, page 38 (1942). 

t Proc. I. Mech. E., vol. 146, page 148 (1942). 

t Proc. I. Mech.E., vol.-146, page 148 (1942) ; 





and 





Jl. I. Loco. E., vol. 31, page 2 (1942). 





In the United States of America, however, 
number of factors have combined during the past 
15 years to make the balancing of two-cylinder 
engines a serious problem. About 1933, when severy] 
American railroads introduced streamlined Diege| 
passenger trains, a general move was made to 
increase the ‘speed of all forms of rail transport, 
This meant that existing steam locomotives wer 
run at speeds higher than those which their designers 
had envisaged, and that new locomotives, built to 
draw heavier trains at sustained high speeds, were 
themselves more powerful, with higher piston 
thrusts, greater wheel loads, heavier revolving and 
reciprocating parts, and increased overhang of con. 
necting rods, coupling rods, and valve cranks, 
Even at that time, the dynamic augment of whee] 
load due to the counterbalance for reciprocating 
parts was recognised as a potential cause of damage 
to track and bridges, and there was a strong body 
of opinion in favour of balancing no more than 31} 
per cent. of the reciprocating mass. At the same 
time, many locomotive designers thought that the 
proportion of reciprocating mass to be balanced 
should be more definitely recommended by the 
Association of American Railroads instead of being 
left to individual judgment. Lawford H. Fry,* 
however, advocated a different approach to the prob- 
lem by contending that there was no logical reason 
for specifying the counterbalance as a percentage of 
the weight of the reciprocating parts, the more 
rational course being to consider the overbalance 
in relation to the total weight of the engine. Strictly, 
more than one aspect of the engine’s inertia, as 
well as the drawspring characteristics and other 
factors, are influential in this connection. Moreover, 
the general principle of relating permissible over- 
balance to engine weight was not new, a recom- 
mendation along those lines having been made in 
1915 by a committee of the American railway 
association, while suggestions to the same effect 
had been made several years earlier still by individual 
engineers. 

By no means all railroads in the United States, 
however, followed the best-known balancing prac- 
tice ; nor were all the variously owned locomotives 
Operating on a particular railway satisfactorily 
counterbalanced. With the general increase in 
speed there occurred not only a rapid increase in 
kinked rails, but also a new form of rail damage 
which investigation showed to be due to the slipping 
of driving wheels. At high speeds of travel, and 
hence of wheel rotation, the out-of-balance forces 
associated with the mass added to the driving 
wheels to counterbalance a proportion of the 
reciprocating parts, causes such a reduction in the 
force between wheels and rails as to allow wheel 
slip to occur. H. R. Clarke and K. Cartwrightt 
assert that locomotive driving wheels frequently 
attain revolving speeds equivalent to 25 to 30 m.p.h. 
higher than the actual running speed, and that, 
once such slipping starts, the engine may travel 
as much as a mile before the wheels resume normal 
behaviour. Both in America and in England, it 
has been demonstrated and recorded by high-speed 
cinematography that the driving wheels of a loco- 
motive with excessive rotating balance of recipro- 
cati can, in exceptional circumstances, lift 
off the rails and bounce at every revolution, crippling 
the rails as a result. 

The difficulty of deciding solely upon theoretical 
grounds what overbalance must be regarded as 
excessive, and upon what basis or what features 
of the design of a locomotive to assess a permissible 
extent of reciprocating counterbalance, induced one 
of the American railroads—the Chicago and North 
Western Railway, which operates a high-speed 
steam train service—to invite the Association of 
American Railroads, in 1941, to undertake a systema- 
tic series of track tests, in which the stresses in rails 
under certain types of locomotive were measured. 
These measurements served to indicate some 
effects of varying amounts of counterbalance, and to 
enable the C. and N.W.R. Company’s engineers to 
establish upper limits of speed for their more 


* “Locomotive Counterbalancing,” Proc. A.S.M.E., 
December, 1933; also Railway Mechanical Engineer, 
February and March, 1934. 





t “‘ Relation of Locomotive Design to Rail Main- 


tenance,”’ The Railway Age, March 25, 1939. 
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important engines. These experiments were the 
subject of a series of articles in ENGINEERING,* 
giving representative details of the engines tested, 
the technical procedure of measuring the stresses 
in the rails, the analysis of the observations, and 
the conclusions reached. Within the limitations 

imposed, the outcome of this investigation was 
regarded as very successful and of great practical 
value. In particular, the experiments established 
the general validity of the principle of relating 
the dynamic augment due to overbalance to the 
increase of stress thereby produced in the foot of the 
rail. More explicitly, the measured rail-stresses 
under all coupled wheels, except the main driver, 
agreed closely with the stresses calculated from the 
nominal wheel loads and counterbalance data. 
Under the main drivers, the agreement between 
measured and calculated stress was good except 
at the higher speeds, the disparity being attributed 
to the secondary effects of the piston thrust on the 
main connecting rod, and the inertia of the recipro- 
cating masses. 

The general success of the work on selected and 
modified locomotives of the Chicago and North 
Western Railway led the Association of American 
Railroads to undertake two further series of tests of 
an essentially similar character but, in some cases, 
on more elaborate lines, upon a total of 15 locomo- 
tives including seven different wheel arrangements. 
The account of this work, which follows, is based 
on two publicationst issued by the Mechanical 
and Engineering Divisions of the Operations and 
Maintenance Department of the Association of 
American Railroads. The earlier of these two reports 
was @ comprehensive and instructive document, 
prefaced by a succinct account of the history and 
development of locomotive counterbalancing with 
special reference to American practice and to the 
causes underlying the need for a reliable experi- 
mental basis for improvement. Also appended 
was & theoretical treatment of the disturbing forces 
acting upon a locomotive, which was needed for 
planning the counterbalancing tests and analysing 
the results. It dealt, in turn, with the inertia forces 
of rotating and reciprocating masses, with forces 
resulting from the steam pressure, and finally with 
the combination of all these agencies to determine 
the resultant disturbing forces acting upon and 
within the locomotive, tending to produce longitu- 
dinal oscillations, nosing, and dynamic vertical 
loads upon the track structure. The analysis, it 
may be noted, was usefully simplified by the approxi- 
mation that the equivalent revolving weight of the 
main connecting rod was seven-eighths of the scale- 
weight of the crank-pin end. 

Since the measured longitudinal stress along the 
centre-line of the base of the rail was used as a means 
of determining the vertical load applied to the rail 
through the wheel, and hence of assessing the vertical 
dynamic augment due to counterbalancing, a 
fundamentally important preliminary task was to 
survey the load-stress relation for a rail. The 
theoretical analysis adopted followed the work of 
previous students of this problem, the most con- 
vincing of whom are agreed that the rail can be 
regarded as @ continuous flexible beam, periodically 
supported at the sleepers upon an elastic track. 
The grouping of wheels under a locomotive was taken 
into account by adding to the bending moment 
due to each individual wheel the equivalent effect 
on the bending moment in the rail, at that wheel 
position, of the other wheel loads. This is tanta- 
mount to formulating a series of coefficients applic- 
able to each wheel, depending in magnitude upon 
the relative loading and spacing of the various axles. 

To extend the analysis to the computation of 
rail stress, for comparison with the experimental 
measurements of rail stress, it was necessary to 
know the modulus of rail support u ; that is to say, 
the distributed force per unit length of rail required 
to produce unit vertical depression. An average 
value for this characteristic property was determined 


* “ Determining Counterbalancing Effects by Rail- 
Stress Measurements,”” ENGINEERING, vol. 154, pages 
301, 341, 381 and 421 (October and November, 1942). 

t “‘Counterbalance Tests of Locomotives for High 
Speed Service,” and “Supplemental Track Tests of 
Twelve Locomotives.” Association of American Rail- 





experimentally for the test track over the length 
where strain gauges were attached to the rails. 
Light and heavy static wheel loads of known magni- 
tude were applied, respectively, by the end wheels 
of a passenger coach and the rear coupled wheels 
of a 4-8-2 locomotive, the average loads in the two 
cases being 13,050 Ib. and 32,235 lb. The wheels 
were successively spotted over each strain gauge, 
and the rail depression at the loading point and at 
three sleeper spaces beyond were measured by pre- 
cise levelling to the nearest hundredth of an inch. 
The average difference of rail depression for the 
heavy and light loads was found to be 0-137 in. 
for one rail and 0-117 in. for the other, giving a 
mean value of 0-127 in. for the whole track. By the 
analysis mentioned earlier, the modulus of rail 
support can be evaluated in terms of the rail 
depression and of the loading and distribution of 
the vehicle wheels causing that depression. In 
Fig. 1, herewith, the results of this computation, 
Over an appropriate range of assumed values of the 
modulus of rail support, u, are shown graphically 
as two curves, one relating to the end wheels of the 
coach and the other to the trailing coupled wheels 
of the locomotive. These curves are separated 
horizontally by a distance representing the difference 
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in rail depression due, respectively, to the light 
and heavy vehicles; and when the experimentally 
determined mean value, 0-127 in., is adjusted 
between the curves, it is found to correspond to a 
value for uw of about 1,900 Ib. per linear inch per inch 
of rail depression. This was accepted, accordingly, 
as the value of the track-support modulus for use in 
rail-stress calculations. 

It is of interest to recall that, when a similar 
determination of track modulus was made in 
connection with the first series of tests, previously 
described in ENGINEERING,* the average value of u 
was found to be 3,000 Ib. per linear inch per inch 
of rail depression, although the track was nominally 
the same in the two cases. The explanation lies 
mainly in the difference of seasonal temperature. 
The first tests were made in the month of January, 
when the road bed was frozen (though not excep- 
tionally hard); whereas the tests now under consi- 
deration were made during the summer and autumn 
months, when the roadbed was softer and conse- 
quently required less force to cause a given depres- 
sion. All the present tests were concluded before 
winter temperatures produced any significant 
hardening of the roadbed, and the assumption was 
made, therefore, that the value of 1,900 Ib. in. per 
inch of rail depression was applicable to all the 
relevant calculations. 

As mentioned in the preceding paragraph, the 
same stretch of railway was again used for testing 
the locomotives at speed. It comprised a straight 
level length of single-line track at a place called 
Lawrence, between Sharon and Harvard on the 
Chicago and North Western Railway from Chicago 
to Janesville, approximately lying in the direction 








Toads, 59, East Van Buren-street, Chicago, Illinois, 
U.S.A, 


N.W. to 8.E. Flat-bottom rails, 100 lb.per yard 
RA-A section, worn about y in. on the head, 
were laid in 39-ft. lengths, with staggered joints, 
on 7 in. by 10} in. tie plates canted at 1 in 40, 
mounted on 7 in. by 9 in. by 8 ft. 6 in. treated hard- 
wood sleepers, spaced at about 20-in. centres, giving 
24 sleepers to the rail length. The ballast consisted 
of pit gravel to a depth of 12 in. or more below the 
sleepers. One portion of this track, 18 ft. long, was 
equipped with 12 strain gauges on each rail, fixed 
to the centre of the underside of the rail midway 
between consecutive sleepers. The rails were main- 
tained uniformly level by regularly adjusted steel 
shims between the base of the rail and the tie plates. 
Another section of track, about 45 ft. in length, 
was mounted on roller-bearing tie-plates for the 
measurement of lateral forces imparted to the rails 
by the locomotive under test. These two test 
sections were 400 ft. apart, and each embodied 
24 gauges electrically connected to two 12-element 
optical recording oscillographs, housed 

the track about midway between them. Since the 
equipment allowed only 24 traces to be made simul- 
taneously, an arrangement was used whereby the 
leads from the two test sections could be quickly 
switched successively into circuit with the recorder 
during the passage of the locomotive between the 
sections of fitted rails, the least time available for 
this change in the high-speed trials being about 2} 
seconds. 

The underlying principle of the magnetic strain 
gauges is that of a change of electrical impedance 
in the gauge coils corresponding to a change of 
strain in the 2-in. gauge length of surface to which 
the gauge is attached, an allowance being made for 
the fact that the centre of the gauge—necessarily 
slightly distant from the surface—is farther by that 
distance from the neutral axis than the underside 
of the rail or other surface to which the gauge is 
attached. The gauge is supplied with alternating 
current at 2,000 cycles per second, and its output is 
passed to an impedance bridge from which the 
unbalanced current is rectified and filtered before 
being passed to the magnetic galvanometer of the 
oscillograph. Similar magnetic strain gauges were 
also used to measure, indirectly, the lateral forces 
imposed on the rails by the locomotive wheels. 
The device employed—a modification of a roller- 
bearing tie-plate assembly developed some years 
earlier by the Pennsylvania Railroad—will be clear 
from Fig. 2, herewith, which shows the rail fixed 
by hook bolts to a bearing plate 1 which rides on a 
nest of rollers centred by rubber pads, and can 
move as much as } in. transversely,except that it is 
constrained by the bolt 2, which is fitted with 
adjustable nuts and cylindrical washers of hardened 
steel, and connects the web of the rail to the 
upturned end 3 of the surfaced steel plate om which 
the rollers rest. The magnetic gauge 4 indicates 
the bending strain in the upturned plate, the width 
of the latter being tapered so as to produce uniform 
bending stress along the gauge length. Thus, after 
calibration, the strain-gauge reading serves as a 
measure of lateral force on the rail, and hence as an 
indication of the lateral and nosing oscillations 
induced in the locomotive by unbalanced forces. 
The forces imposed on the rails fluctuate cyclically 
with the revolutions of the coupled wheels, and 
depend on the angular position of the unbalanced 
force vectors. To relate these with the situation 
of the strain gauges mounted along the two test 
lengths of track, slow-motion cinematograph films 
were taken to record the position of the crank-pin 
on one side of the locomotive as it passed each test 
section. 

In addition to the forces imparted to the track, a 
number of characteristics internal to the locomotive 
were measured during the comprehensive tests on 
some of the first three locomotives. Vertical, 
lateral and longitudinal vibrations were measured 
by means of accelerometers of an electromagnetic 
type, recording on the same pattern of oscillograph 
as was used for the strain gauges on the rails. The 
accelerometers were calibrated dynamically on a 

“shake table”. In a few of the tests, measurements 
were made of the stresses in the main 

rod:and eccentric rod by means of carbon-resistance 
strip gauges, cemented to the surface of the rod. 





* Vol. 154, page 343 (1942). 


This type of gauge consists of a thin strip of Bakelite, 
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coated with a film of carbon which changes its elec- 
trical resistance with change of strain in the member 
to which it is attached. The output from the gauge is 
amplified and passed to an oscillograph. The 
position of the_crosshead was indicated on the 
oscillograph record, either through the agency of a 
contact-type switch, which was closed by the cross- 
head at a dead-centre position, or by a more satis- 
factory device comprising a permanent magnet, 
mounted on the crosshead, and sweeping close past 
a pick-up coil attached to the slide bar. 

The other form of strair gauge—the magnetic type 
—was applied to measure dynamic strains in the 
side-pedestals of the main driving-wheel axlebox 
gaps, and in the axlebox gap stays, as well as the 
lateral forces between the driving boxes and the 
frame. For the last-mentioned purpose, appro- 
priate weighbars were devised, to which strain gauges 
were attached, the strain in the weighbar serving, 
after calibration, to measure the forces transmitted 
through the bar between the points to which its 
ends were fixed. One other interesting application 
of the electromagnetic ,principle employed in the 
strain gauges was embodied in a type of steam 
pressure gauge, which had been previously developed 
for engine indicating by the Pennsylvania Railroad. 
The design is such that changes in steam pressure 
produce changes in the deflection of a circular 
diaphragm in the gauge, which actuates a rod between 
the gauge armature and the diaphragm, thus varying 
the air gaps in the magnetic circuit. The diaphragm 
was made of Invar, and, from this circumstance and 
other features of design, the thermal effects of vary- 
ing steam temperature were reduced to negligible 
proportions. Electrically-operated air valves con- 
trolled the admission of steam to the indicators, to 
prevent their being damaged by condensate in the 
locomotive cylinders, and also allowed a datum 
pressure to be recorded during the progress of testing. 
Train speed was measured by an axle-driven tacho- 
meter having indicating dials in the engine cab and 
in a laboratory car included in the test train. This 
car was fitted with oscillograph recording apparatus 
connected to all the instruments mounted on the 
locomotive, whereby observations were obtained 
at speed under the same conditions as those of the 
track measurements. ‘To ensure the strict concord- 
ance of such records, and to relate the position of 
the locomotive wheels to the positions of the strain 
gauges fitted to the rails, lights were arranged on 
the track and a photo-electric cell unit was on the 
train, recording position by means of solenoid 
markers incerporated in the oscillographs. Alter- 
natively, in some of the tests, a photo-electic cell 
mounted alongside the track was actuated by 
lights on the train. 

The objects underlying the comprehensive tests on 
the first three locomotives may be usefully sum- 
marised at this point. The major purposes were to 
determine the proper relation or limitation of the 
amount of reciprocating weight with respect to the 
weight of the locomotive, and the amount of 
reciprocating weight that could be left unbalanced 
without undue disturbance of the locomotive. 
Associated with the general question were such 
points of detail as whether to balance the main 
connecting-rod statically, upon the basis of the 
scale weight of each end; or dynamically, upon 
the basis of its centre of percussion ; to determine 
the extent to which it was necessary or desirable 
to take account of the out-of-plane effects of revolv- 
ing masses, by cross-balancing ; and to decide how 
far it was necessary or desirable to balance eccentric 
cranks and rods. A final and very important point 
was to determine the amount of dynamic augment, 
due to unbalanced rotating masses, that could be 
tolerated by the track. 

In this last connection, the 100 lb. per yard rail 
was selected, despite its being a comparatively light 
section for high-speed main-line use, because it was 
felt that stresses in heavier rails would indisputably 
be less than those of the tests, and hence would 
allow a comfortable margin of safety in the majority 
of modern first-class tracks; with the further 
advantage that the higher stresses in the 100 lb. 
per yard rail would be more easily and accurately 
measured than those in heavier rail. The test track 
was deliberately chosen to be single-line, with the 
idea of providing equal support under both sides 


of the locomotive. Each locomotive was tested 
at crawling speed, around 5 miles per hour; at 
diameter speed, 5-6 revolutions per second—that 
is, at as many miles per hour as the measure of its 
driving-wheel diameter in inches; and at a high 
en as nearly as possible 100 miles per hour. 

© secure a good average, five runs were made at 
each speed, with the engine steaming; and, in 
addition, five runs were made at diameter speed 
with the engine drifting. By this means it was 
purposed to distinguish the disturbing influences 
of steam forces from those arising purely from 
rotating and oscillating masses. The initial counter- 
balance condition of each locomotive, as received 
for test, was checked and analysed to determine 
the amounts of reciprocating compensation and 
reciprocating unbalance, and the total magnitude 
of unbalance responsible for dynamic augment of 
wheel load. The locomotive was first tested in 
this state of counterbalance, to assess its riding 
qualities and its effect upon the track. The main 
driving wheels were then rebalanced, in accordance 
with the revised analytical procedure developed in 
connection with the main investigation, to provide 
the same effective reciprocating compensation, and 
the tests were repeated for comparison with those 
upon the original locomotive. Further series of 
tests were made with each locomotive to determine 
the maximum permissible unbalanced reciprocating 
mass in terms of the total mass of the locomotive in 
working order. In these test series, the locomotive 
was adjusted to have different amounts of un- 
balanced reciprocating’ mass, thus covering the 
complete range of reciprocating compensation within 
feasible limits of operation. 

(To be continued.) 





SELF-OILING DEAD-CENTRE. 


A RANGE of patented self-oiling dead-centres, for 
general or precision lathe work, has been developed by 
Messrs. Austin and Lang, Limited, who have moved 
from their former premises on the Great West-road, 
Brentford, to Heather Park-drive, Wembley, Middlesex. 
These centres are made in sizes from No. 2 to No. 5 
Morse taper, and are designed to provide a ready means 
of lubricating the cone end of the centre without 
recourse to an oil can, or relieving tailstock pressure. 
When needed, oil is pum from the hollowed-out 
shank of the centre © pressure on a small 
spring-loaded plunger, which is set in the shank near 
the base of the cone. The shank is drilled axially to 
form a cylindrical oil container, and is filled by 
unscrewing an end cap and removing a suction 
follower which is loosely chained to the cap. The 
end cap is provided with an air vent which should 
be kept clear to allow the follower and pump to 
function properly. The spring-loaded plunger operates 
in a flooded chamber between two spring-loaded 
non-return ball-valves. One of the valves seals the 
chamber from the oil container, and the others from 
a@ narrow discharge hole which leads to a groove 
running down the surface of the cone from the base 
to the apex. When the plunger is depressed, oil 
is forced from the flooded valve chamber to the dis- 
charge hole; provided the centre has been fitted in 
the tailstock with the discharge hole approximately 
vertical, the expelled oil then runs down the groove 
towards the tip of the cone. The groove has rounded 
edges, so that as the work rotates an oil wedge is 
built up between the centre and the work, and helps 
to form an oil film between the bearing surfaces. 
dirt or grit clogs the discharge hole, and cannot be 
removed by pumping, it can be cleared by a silver- 
steel rod, which, after emptying the oil container, is 
inserted to pass the two ball-valves. Each dead- 
centre has a cone surface of Stellite; this is deposited 
by welding, a method claimed to give a stronger job 
than is obtained by brazing a cast cap. 





COMMERCIAL RESEARCH SECTION OF BRITISH ELECTRI- 
ciry AUTHORITY.—It is announced that the Electricity 
Supply Technology Section of the British Electrical 
and Allied Industries Research Association has been 
dissolved and that its staff has been transferred to the 
Commercial Department of the British Electricity 
Authority. Mr. P. Schiller, who acted as secretary of 
the Research Committees concerned, has been appointed 
First Commercial Assistant (Distribution and Utilisa- 
tion Research) to continue the type of work hitherto 
dealt with by the section. This was mainly concerned 
with load and consumer characteristics, cost analysis 
and allied matters, although much valuable data was 
also produced to supplement official statistics, particularly 





in the domestic field. 


BROADCASTING FACILITIES AT 
THE OLYMPIC GAMES. 


THE events making up the fourteenth modem 
Olympiad, which concludes to-morrow, Saturday 
August 14, have taken place in no fewer than 25 localj. 
ties in various parts of the country. To keep the 
public informed of the proceedings, widespread broad. 
casting arrangements were made through which the 
requirements of the appropriate home, imperial ang 
foreign organisations could be supplied. These facilities 
included both simple commentaries and commentaries 
made up of coutlietions from several venues, as wel] 
as interviews with competitors and eye-witness reports, 
all of which could be employed for immediate trans. 
mission or recorded for subsequent use. Outside 
London, these requirements were dealt with by the 
normal outside-broadcast routine, but to handle the 
events, which took place in and around Wembley, 
demanded careful planning, as will be gathered from 
the following account of the arrangements. 

As soon as it had been decided that the Olympic 
Games would be held in Great Britain in 1948, the 
broadcasting organisations in all countries likely to 
participate were asked to supply the British Broaq. 
casting Corporation with as much information as possi. 
ble about the facilities they would require. This 
information and the plans of the Corporation itself 
showed that the four existing studio centres in London 
would not be able to handle the traffic. A special 
broadcasting centre for the Games was therefore 
established in the former Palace of Arts of the Wembley 
Exhibition. This building, which is 300 ft. long by 
200 ft. wide, was divided internally to contain every. 
thing necessary for the organisation, administration 
and operation of the broadcasting service. To meet 
the basic requirements for sound broadcasting, a micro- 
phone was provided at each place where commentaries 
were to originate and was associated with control 
apparatus for the received audio-frequency signals 
and with equipment for feeding the signals to the line 
or to a local recording unit, where they could be edited 
and reproduced on discs. Access was also given to 
the Post Office telephone circuits, so that the signals 
could be routed to the British broadcasting trans- 
mitters or overseas by land line or radio. In addition, 
facilities were provided forintercommunication between 
the commentator and the operators. Analysis showed 
that a maximum of 30 commentaries might have to be 
handled simultaneously. To provide a reserve, 36 
technical operators’ positions were actually installed, 
and during the Games all of them have had to be taken 
into regular service. 

All the 36 positions in the central control room are 
similar. They are assembled in pairs on three-rack 
bays, the central bay of each group carrying a spare 
control amplifier, which is available to either position, 
and a four-channel mixer. This mixer can be made 
available to either position; or it can be divided to 
provide two extra channels. The outside bays of each 
group carry a control amplifier with a main potentio- 
meter and peak reading volume indicator, a power 
supply unit and a four-channel mixer. Above the 
mixer is a four-way panel with red and green lamps 
by means of which signals can be exchanged between 
the operator and the commentator. Over this panel 
are a series of jacks, so that the mixer channels can be 
connected to 20 sources; and above this again is a 
distribution amplifier with fouroutput positions for 
local listening, for listening to the radio correspondents’ 
office, and for supplying a recording unit and a trans- 
mission line. Below the control amplifier are push- 
buttons, which enable the operator to check the quality 
of any source and a key by which he can listen across 
the cue circuit to the commentator. He is also provided 
with a microphone for talk-back purposes and a tele- 


If | Phone that can be connected to the points served by 


his position. Each group of eight operators is con- 
trolled by a senior engineer and these engineers are 
supervised, in turn, by a supervisory engineer and his 
assistant, who work in liaison with the Post Office 
officials. 

The 85 programme and control lines from Wembley, 
and a total of 161 circuits from the other places at which 
Olympic events have taken place, terminate in a special 
line switching room at Broadcasting House. From 
this room the various commentaries are routed over 
42 circuits to the Continental Trunk Exchange and 
the Radiotelephone Terminal. In the case of composite 
programmes from Wembley and one or more other 
venues the signals from the latter are routed through 
the line-switching room to Wembley for mixing and 
then back to the line-switching room for outward 
transmission. In addition to the 36 control positions 
mentioned above, the central control room at Wembley 
therefore contains a row of racks on which the 85 lines 
from the line-switching room terminate, as well as 
other racks for the 32 programme circuits from the 
Stadium, 16 from the Pool, four from the Palace of 
Engineering, eight from local studios, eight from the 





disc-reproducing rooms, and others from places near 
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Wembley, from which commentaries were required. 
In addition, there are racks for the lines over which 
the speaking clock service and the Home Service and 
Light programmes are distributed in the Wembley 
area, a8 well as for the cable-testing apparatus. Other 
facilities include a master impulse clock and turn- 
table unit for reproducing announcements in foreign 


lan " 

vine a total of 68 commentator positions in the 
Wembley area, each of which is provided with a 
selector box, so that it can be connected to the Home 
Service or Light programmes or to the local public- 
address system. At the more distant positions, local 
amplifiers and equipment for mixing and controlling 
the output are also fitted. The apparatus in the studios 
and reproducing room includes B.B.C.-Marconi ribbon 
microphones, a double-turntable disc-reproducing desk 
with Vernier groove-locating devices, and provision for 
listening to the disc before it is mixed into the pro- 
gramme. The disc-recording rooms contain 20 record- 
ing channels with a duplex unit that is capable of 
continuous operation. Celluloid-acetate coated alumin- 
ium dises are used. 

In addition to the facilities provided for foreign 
commentators, arrangements were also made whereby 
commentaries in any particular language could reach 
the country concerned when its team was actually 
competing. To do this, the transmitters were grouped 
on suitable frequencies, aerials and bearings so that 
they could be brought on to the air at short notice. 
This has meant operating the transmitters and aerials 
normally used for the European services for a con- 
siderably greater number of hours a day than usual, 
while extra transmitters have also had to be made avail- 
able for this service. In the General Overseas Service, 
English commentaries have replaced the normal 
programmes as required. It has also been necessary 
to provide a service to Korea. Two transmitters were 
made available for this service and reports, we under- 
stand, show that reception was very satisfactory and 
that the programmes could be re-broadcast over the 
local medium-wave network. 

As regards television, the sound components from 
two outside-broadcast “ fleets’ at Wemb! are 
routed through the circuits described above. e of 
these dealt with events at the Stadium and the other 
at the Pool, the latter being equi with the latest 
type of CPS-Emitron camera, which is so light that 
it can be quickly detached from the vehicle and re- 
installed in locations which it would otherwise have 
been difficult or impracticable to use it. The vision 
signals were fed from these two “‘ fleets’ to television 
production rooms in the Broadcasting Centre, where 
facilities for co-ordinating the sound components and 
for pre-viewing the camera outputs were available. 
The signals were routed thence through an extension of 
the London television cable to Alexandra Palace. In 
the case of a failure of this cable, a radio link was 
provided by a mobile transmitter so that the signals 
could be sent either to Alexandra Palace directly or 
through an alternator receiving station at Highgate. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—It is announced that the following have been awarded 
the Swann Diploma of the Association of Supervising 
Electrical Engineers: Messrs. A. J. Bryan, R. E. Cave, 
B. H. C. Gurr, F. B. King, R. Paterson, J. 8. Stokes, and 
W. A. White. 





BRITISH ELECTRICITY SUMMER SCHOOL.—A summer 
school will be held at Magdalen College, Oxford, under 
the auspices of the British Electricity Authority and the 
14 Area Boards, from Sunday, August 15, to Saturday, 
August 21. It will be attended by 107 employees of all 
grades from different parts of the country and the 
proceedings will be directed to the study and discussion 
of the new organisation of the electricity supply industry. 
There will be a lecture and discussion every morning and 
evening, while the afternoon will be devoted to visits to 
Places of interest in the neighbourhood. An introductory 
address will be given by Lord Citrine. 





RADIO COMMUNICATION IN East AFRICA.—To provide 
communication from ground to air and from point to 
point in connection with the civil aviation services, 48 
short-wave transmitters are to be installed in Kenya, 
Uganda and Tanganyika for the East Africa Post and 
Telegraphs Department by Marconi’s Wireless Tele- 
graph Company, Limited, Chelmsford. Two types of 
transmitter will be used: one of 200 watts with a 
frequency range of 1-5 to 23 megacycles per second 
and the other of 100 watts with a range of 1-5 to 13 mega- 
cycles per second. Both types can be employed for either 
telegraphy or telephony, and will be fitted with crystal 
control and means for selecting any one of six working 
frequencies. The first of these transmitters will be 


THE COLUMBIA BASIN AND 
CENTRAL VALLEY IRRIGATION 
SCHEMES. 


Tue Columbia Basin Project, the main purpose of 
which is to provide irrigation water for over 1,000,000 
acres of highly fertile land in the State of Washington, 
is described by Mr. I. L. Wightman in the issue of 
Mechanical Engineering for May, 1948. The final 
plan comprises facilities for the sto and regulation 
of the water of the Columbia River, for the distribution 
of irrigation water and for the generation of power. 
The flow of the river for these purposes is controlled 
by the Grand Coulee dam, which was completed in 1943. 
At the downstream toe of this dam there are two power- 
stations with an ultimate capacity of 1,944 MW. 
Upstream is a pumping plant, which will lift water 
from the Lake Roosevelt reservoir, behind the dam, 
into a canal leading to a balancing reservoir, formed by 
constructing dams at the end of the Grand Coulee. 
From this balancing reservoir water will be supplied 
through an extensive system of canals, siphons, tunnels 
and channels on to the farm lands, re-lift pumps 
being erected at various points for this 

It is estimated that the average annual water require- 
ments of the area are 3-7 acre-ft. per acre, about 23 per 

cent. of which may be required in one month ; and the 
canal system is being designed on this basis. The 
Columbia River has an average annual run-off of 
77,500,000 acre-ft. and, it is estimated, that the 
annual irrigation demand of the completed scheme will 
be about 4,000,000 acre-ft. The pumping plant will be 
required to raise this large quantity of water several 
hundred feet and will consist of 12 units, six of which 
will be installed to begin with. These ps, which 
are expected to be in operation in July, 1949, will each 
have an output of 1,600 cub. ft. per second against a 
head of 270 ft. and will be direct coupled to a 65,000-h.p. 
synchronous motor. Two of these motors will be 
supplied from one 108-MVA generator in the Grand 
Coulee power station. The level of the waterin Lake 
Roosevelt, from which the irrigation water will be 
drawn, will fluctuate by as much as 95 ft., so that the 
total pumping head will vary from 270 ft. to 365 ft. 
High head conditions will, however, it is expected, 
only prevail for about 30 per cent. of the time. 

To ensure high efficiency and smooth performance 
of such large ping units, every detail of the plant 
from the intake to the headworks of the canal leading 
to the balancing reservoir has been investigated to 
determine the hydraulic conditions. Model tests on 
all features, except the pumps, have been made in the 
laboratory of the Bureau of Reclamation, Denver, 
Colorado, and an extensive programme of research 
on pump models has been carried out in the laboratory 
of the California Institute of Technology to verify the 
design and to determine the hydraulic performance, 
the limitation of specific speed as affecting cavitation, 
and the characteristics over the entire range of pumping 
heads. To provide irrigation water to 6,000 acres of 
farm land before the reservoir and gravity canal system 
serving the area are completed, a pumping plant has 
been constructed on the Columbia River 14 miles 
north-west of Pasco, Washington, where two vertical 
electrically-driven centrifugal pumps, each with a 
capacity of 63 cub. ft. per second, have been installed 
to lift water to a height of 167 ft. 

The Central Valley Project, which is also being under- 
taken by the Bureau of Reclamation, is situated 
between the Sierra Nevada on the east and the Coast 
Range on the west, being bounded on the north by 
Mount Shasta and on the south by the Tehachapi 
Mountains. It is watered by the Sacramento and 
San Joaquin rivers. The project comprises the Shasta 
dam and reservoir with a capacity of 4,389,000 acre-ft., 
which will be used for storing and regulating the 
Sacramento River water ; the Shasta power plant with 
a capacity of 350 MW ; the Keswick dam and reservoir 
with a capacity of 23,700 acre-ft. for regulating the 
outfall from the Shasta power station and supplying 
a 75-MW station, which will be used at times of peak 
load; the Delta Cross-Channel pumping plant for 
pumping water from the Sacramento River across the 
delta to prevent the encroachment of salt water and to 
supply the Contra Costa and Delta-Mendota canals ; 
the Friant dam and reservoir for storing and'regulating 
the water of the San Joaquin River; and the Friant- 
Kern and Madera canals for supplying water for irriga- 
tion purposes. 

The terrain over which the Delta-Mendota Canal is 
being constructed necessitates water being raised by 
a pumping plant, which is being built at Tracy, Cali- 
fornia. This will be capable of raising 4,600 cub. ft. 
of water per second through a height of about 200 ft., 
and will consist of six vertical centrifugal pumps, each 
of which will be directly-coupled to a 22,500-h.p. syn- 
chronous motor. Six pumps, each with an output 
of 1,650 cub. ft. per second against a head of 7 ft. will 
be installed at the Delta Cross-Channel pumping plant 
and will transfer water from the Sacramento River to 








installed at Mbeya airfield, Tanganyika. 


positive head of 7 ft. to a minimum negative head of 
10 ft., the question whether a propeller pump with 
adjustable blades and driven by a constant-speed 
motor or a propeller pump with fixed blades and driven 
by a variable-speed motor should be used, is under 
consideration. Four pumping plants are already in 
operation on the Contra Costa canal and raise water to 
heights of 26-5, 25, 33-5 and 50-5 ft., respectively. 
All these plants will eventually consist of six units 
with an aggregate capacity of 350 cub. ft. per second. 





COLLISION AT LONDON BRIDGE 
STATION. 


Ar 9.35 a.m. on January 23, 1948, an electric passen- 
ger train from Seaford, entering London ye Station, 
overran a signal which was against it and collided with 
an empty train, about to leave the station. The motor- 
man of the Seaford train and a learner, who was with 
im in the cab, died of their injuries before they could 
released, and an intending passenger, standing beside 
the bookstall in the circulating area, lost his life when 
the end coach of the stationary train was driven on to 
the platform and demolished the bookstall. A report 
on the accident has now been made by Brigadier C. A. 
Langley, one of the pe oy ae of Railways, and 
has been published by H.M. Stationery Office.* 

The Seaford train, consisting of 12 coaches and 
weighing 509 tons, carried between 300 and 400 passen- 
gers, and was routed to enter No. 16 platform. It was 
travelling on the up through line, behind a train from 
Tattenham Corner which entered No. 10 platform. 
There was an empty train at No. 15 platform, waiting 
to leave. The signalman made the arrange- 
ments to dispatch the empty train from No. 15 plat- 
form, which it left at 9.34 a.m.; to hold the Seaford 
train at the inner home signal while the empty train 
left No. 15 platform ; and then to dispatch the second 
empty train from No. 14 platform. The first empty 

duly left at 9.34 a.m., but the Seaford train came 
on at about 15 miles an hour, although the inner home 
signal was still against it and the crossover had not been 
reset ; until it was reset, the points which would have 
switched the Seaford train into No. 16 platform were 
held open to No. 14 platform, where the second empty 
train was standing. The Seaford train therefore ran 
in to No. 14 platform, where it collided with the empty 
train (the brakes of which were off) and drove it against 
the buffers. The underframe of the coach that was 
against the buffers was forced over them on to the con- 
eed killing distance of 23 ft., wrecking the bookstall 
and killing an intending r who was standi 
beside it, as previously Ssiatiomed. _ 

As both the motorman of the Seaford train and also 
his companion died before they could be extricated, no 
ae Sore be obtained from them to explain why 
the § train overran its signal. Brigadi le 
found no defect in the signals Der in Go tuhinn alee 
signalbox, and came to the conclusion that the motor- 
man of the Seaford train was not keeping a vigilant 
lookout as he approached the inner home signal ; 
though the motorman of the first empty train said that 
he saw no sign of inattention as he passed the incoming 
Seaford train, whose motorman he recognised. “I can 
find no adequate reason to account for the motorman’s 
lapse,” reported Brigadier Langley, “‘ and I have no 
recommendations to make regarding the signalling 
arrangements”; but he suggested that the shock of 
the collision would have been reduced if hydraulic 
buffers had been provided, and that the door ses 
a driving compartment and a guard’s van, such as was 
fitted in the Seaford train, should open into the van to 
afford a quick escape, and not into the driving compart- 
ment as in this case. 





RalsInG a Roor.—Owing to the increased height of 
certain modern types of London Transport motor-’buses, 
it has been necessary to carry out structural alterations 
to some of the garages. At Palmers Green garage the 
entire roof was raised 10 in., the work being completed 
in 20 weeks with no interference to normal ’bus services. 
The roof covers an area of about 4,000 square yards, 
and weighs approximately 300 tons. It consists of light 
steel trusses covered with boarding, slates, asbestos- 
cement sheets and patent glazing, the whole supported 
on st»uchions. The roof was raised by means of jacks 
placed at 40 points. At each point there were four 
jacks, a lift of 1 in. being made at each point in turn, 
and a packing piece inserted. When the correct height 
had been reached, the packing pieces were removed and 
stools were inserted. After each lift, fixing bolts were 
fitted to secure the roof temporarily ; this was particu- 
larly necessary owing to the fact that the work was 
carried out during the early part of the year, when bad 
weather might have occurred. 





* Ministry of Transport: Report on the Collision which 
Occurred on the 23rd January, 1948, at London Bridge 
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50-KV ELECTRON MICROSCOPE. 


THE progress made recently in the design of electron 
microscopes may be illustrated by reference to an 
experimental model which has been designed by the 
Plessey Company, Limited, Vicarage-lane, Ilford, Essex. 
With this instrument it is possible to view directly 
_ at magnifications up to 20,000 diameters 

e images may also be photographically enlarged by 
a factor of ten. As will be seen from Fig. 1, which is 
a general view of the instrument, it consists of a 
cylindrical column about 4 ft. high and 6 in. in dia- 
meter, and is made up of seven major units arranged 
with the electron gun at the top. Immediately below 
the gun is the condenser lens and between this and the 
objective lens is the specimen chamber. Below the 
objective lens, again, is the projector lens with its 
focusing and magnification controls, while the viewing 
chamber, with appropriate controls for moving the 
specimen, is underneath. A camera is fitted in the 
base of the instrument proper, where the air lock con- 
trols are also placed and below them are compart- 
ments containing the power packs. 

The electron gun, which is separately illustrated 
in Fig. 2, is protected from possible corona discharge 
by a@ highly polished shield. This shield is visible 
at the top of the illustration. The filament of the gun, 
which acts as the source of electrons, is a tungsten 
“hairpin.” The electrons from the gun are accelerated 
to a voltage of 50 kV by acopper-block anode, in which a 
central hole is drilled, and which, together with the 
cathode, is mounted on a spherical seat. This arrange- 
ment enables the angle of the beam to be adjusted, 
while a plane seating, which is placed immediately 
underneath it, permits the gun as a whole to be traversed 
in a horizontal direction. In this way, the direction 
and position of the beam can be controlled and accu- 
rately aligned with the optical axis of the instrument. 
As the adjustable members are vacuum-sealed to the 
main flange of the instrument by metallic bellows, 
this control can be effected without disturbing the 
internal vacuum conditions. 

After passing through the anode, the electron beam 
impinges on the condenser lens, which consists of an 
iron-shrouded bobbin wound with a suitable number 
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The magnetic circuit of the bobbin is inter- 
rupted by a brass separator, so that when a current is 
passed through the windings a symmetrical field is set 
up. The electron beam passes through a central cylin- 
drical hole in the bobbin and is acted upon by the field 
in a manner analogous to the action of a glass lens on a 


of turns. 


beam of light. The beam then enters the specimen 
chamber, which is designed so that the insertion, seating 
and traversing of the specimen are facilitated. To 
obviate raising the pressure inside the column to that of 
the atmosphere when the specimens are being changed, 
it is provided with an air lock,which enables any change 
to be effected in about 2 minutes. The specimens are 
mounted in various ways on a copper grid with 200 
meshes per inch. This yrid is carried in a cartridge, 
which is lowered by a system of levers on to a tapered 
seat in the traversing stage. This mounting system is 
operated from outside the instrument through suitable 
seals. The grid is fitted with fine-thread screws in 
order to bring different portions of it into the field 
of view, and these screws are operated from outside the 
microscope through worm gearing. Very fine adjust- 
ments can be made in this way, since one revolution of 
the control wheel only moves the specimen 0-001 in. 
Owing to the fact that two such controls, operating 
at right angles to each other, are provided, complete 
coverage of the grid is possible. The whole specimen 
chamber can be moved horizontally by traversing its 
top flange. 

The objective lens, through which the electron beam 
passes after leaving the specimen chamber, is of 
similar construction to the condenser lens. It is, 
however, provided with a removable pole piece assem bly 
while the pole pieces themselves are lapped with 
extreme precision. This lens focuses an image of the 
specimen on to the intermediate screen with a magni- 
fication of some 100 diameters. The chamber, in which 
this screen is housed, has a movable top flange, similar 
to that on the specimen chamber, and is also fitted with 
a viewing port through which the intermediate image 
may be observed. As it is at this stage that the beam 
is most affected by stray magnetic fields, which would 
seriously interfere with the performance of the instru- 
ment, the whole chamber is enclosed by an internal 
Mu-metal screen. A small aperture in the centre of 





Fie 2. Exscrron Gun anp Prrant GAvaE. 


this screen, however, allows a selected portion of the 
beam to pass through to the projector lens. This lens 
also resembles the objective lens, but is designed to 
produce a final image with a magnification up to 20,000 
diameters. All the lenses are supplied with electroni- 
cally-stabilised current, the controls for which are 
arranged on the lower part of the front panel of the 
instrument, as can be seen in Fig. 1. The necessary 
50-kV supply for operation is obtained from radio- 
frequency actuated apparatus, which is housed in a 
chamber immediately Pehind the gun. 

The viewing chamber contains both the final viewing 
screen and the photographic equipment. The viewing 
screen is mounted directly on the camera shutter, 
so that when the latter is raised the image impinges on 
the photographic plate below. This plate, which 
measures 10 in. by 2 in., is inserted through an air Jock 
similar to that of the specimen chamber. Five 2-in. by 
2-in. exposures may be taken on one plate. 

Vacuum sealing between the individual units forming 
the microscope is effected by Neoprene gaskets, which 
are seated in circular grooves and are partly com- 
pressed by a mating projection with a V-shaped 
cross section. A similar seal is employed on all the 
lens bobbins, so that the windings can be placed outside 
the vacuum. This method of jointing, in addition to 
providing an excellent vacuum seal, allows the faces 
of the mating parts to be butted together. The rigid 
construction obtained in this way is essential, since 
if the specimen is moved 0-001 in. the final image, 
at 20,000 diameters, is shifted 20 in. During opera- 
tion a pressure of about 10-* mm. of mercury must 
be maintained inside the column in order to allow 
the passage of the electron beam. As, moreover, the 
instrument is demountable, evacuation must be con- 
tinuous. An oil diffusion pump, backed by a rotary 
pump, is, therefore, provided for this purpose, the 

ressure being indicated by a Pirani vacuum gauge. 
This garage is visible on the left-hand side of Fig. 2. 

In order to operate the instrument a specimen is 
prepared on a copper grid and is secured in the cartridge 
mentioned above. This cartridge is then attached to 
the loading mechanism and placed in the air lock. The 
air lock in turn is roughly evacuated, until the pressure 
inside it has decreased sufficiently to enable it to be 
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opened to the main vacuum system. The final opera- 
tion is to lower the specimen cartridge by the external 
control on to its tapered seat when the microscope is 
ready for use. The power supplies are then switched 
on and, after obtaining suitable “illumination” by 
adjusting the condensers, a magnified image of the grid 
appears on the intermediate screen. One of the 
grid apertures containing some of the specimen is 
shifted to a position over the intermediate screen 
aperture by the specimen control, and that part of the 
image which is over this aperture is passed through the 
amr lens and appears on the final viewing screen. 

ocusing is effected by controlling the current through 
the object lens, while the desired magnification, inde- 
pendent of focusing, is obtained by operating the 
projector control. 





THE ASSOCIATION OF PUBLIC LIGHTING ENGINEERS.— 
The annual conference of the Association of Public 
Lighting Engineers will be held at tbe Winter Garden, 
Eastbourne, from Monday, September 13, to Friday, 
September 17. The programme includes papers on 
“Unidirectional Lighting of Dual Carriageways and 
Side Roads,” by Mr. J. S. Smith; on “ Street Lighting 
in the Vicinity of Aerodromes,” by Mr. S. English; on 
“Basic Principles in the Design of a Street Lighting 
System” by Mr. D. M. Thompson; and on “ One Hun- 
dred Years of Research and Development in Electric 
Lighting,” by Mr. J. N. Aldrington. During the con- 


— an exhibition of street lighting equipment will 
eld. 


2-8-0 METRE-GAUGE LOCOMOTIVE 
FOR BOLIVIA. 


Tue Hunslet Engine Company, Limited, Leeds, 10, 
have recently built a 2-8-0 locomotive for the F. C. de 
Guaqui-La Paz—a small railway in Bolivian territory, 
owned by the Peruvian Corporation, Limited. Al- 
though it is equipped with oil-burning apparatus, the 
locomotive is suitable for burning soft coal if the 
refractory lining of the firebox, the burner, and the oil 
tank and heating coils in the tender are removed, and 
firebars are fitted. The F.C. de Guaqui-La Paz is a 
metre-gauge mountain railway, located almost entirely 
at an altitude greater than 12,000 ft. above sea level. 
There are steep ients, up to 1 in 14, waich is 
considerable for adhesion traction. The axie load 
was limited to 10-25 tons, but by employing the 
Consolidation wheel arrangement 87 per cent. of the 
total engine weight is carried by the coupled axles. 
The tractive effort, at 75 per cent. boiler pressure, 
is 20,000 lb. Fig. 1, on this page, shows the locomotive 
and tender at the builders’ works, and the principal 
particulars are given in Fig. 2. 

The boiler works at a pressure of 200 Ib. per square 
inch, and the grate area is 16 sq. ft. The boiler barrel 
is built up from two rings of 4 -in. plate, with a maxi- 
mum outside diameter of 4 ft. 9} in. A shallow round- 
top firebox is fitted, and the inner box is of steel, with a 
}-in. wrapper plate and backplate, and a }-in. tubeplate. 
The foundation ring varies in width, giving water 
spaces of 4 in. at the front, 3 in. at the back, and 2} in. 








at the sides. The grate is 7 ft. long. Owing to the 
steep gradients on the line, it was necessary to provide 
a considerable depth between the inner and outer crown 
plates, namely, 1 ft. 5} in. at the front and 1 ft. 8} in. at 
the back. Within the breaking zone, the water-space 
stays are of the Flannery flexible type, and the remain- 
der are plain, but of hollow Longstrand steel } in. in 
diameter. 

There are 16 flue tubes, 5} in. outside diameter and 
8 s.w.g. thick ; 16 superheater elements, 1} in. outside 
diameter and 9 s.w.g. thick ; and 90 tubes 2 in. outside 
diameter by 11 s.w.g. thick, the distance between the 
tubeplates being 11 ft. 10 in. The tubes are flues aie of 
galvanised Aquacidox ; no ferrules are used, but at the 
firebox end all flues and tubes are beaded and welded, 
and are fitted with copper sleeves. The areas of the 
heating surfaces are: large tubes, 258 sq. ft.; small 
tubes, 560 sq.ft. ; firebox, 93 sq. ft. ; total, 911 sq. ft. ; 
the area of the superheating surface is 183 sq. ft. The 
boiler is lagged with asbestos mattresses over the firebox 
and on top of the dome, and with Newallite blocks 
around the barrel anddome. The boiler fittings include 
two 2}-in. Ross safety valves, a No. 7 Simplex Nathan 
non-lifting injector, and a Davies and Metcalfe No. 7 
exhaust-steam injector. 

The engine has two outside cylinders 16 in. in dia- 
meter, with a piston stroke of 24 in. Each is cast 
integrally with its valve chest and half uhe smokebox 
saddle, and is secured to the bar frame by 14-in. driven 
bolts and adjustable The inside-admission 
piston valves, driven by Walschaerts gear, are 8 ia. in 














154 ENGINEERING. AUG. 13, 1948. 
diameter, and each valve-head has four rings. The BOOKS RECEIVED Pp ERSONAL. 

lap is 1 in., and the exha f the valve- 7 
Nests exe Ens-de- ns Vik Old partes, Wie veled trovel ies Be CGI eepee meneeee, ENG) of Lents 


by by Tae dered the lead is } in., in both Sees ae. 
: . The openings to steam are 1§ in. 
at the front put cad 1} in. at the back port, in full- 
forward ; and 1¥ in. at the front and back in full- 
heckwotil gine. The maximum cut-off is 81 per cent. 
in all cases, for the back ports in full-backward 
gear, where it is cent. ‘The slip of the die-block 
in both fall gears fe 4 in. All motion pins are 1} in. in 
diameter, and ate fitted for grease lubrication. Lever 


reverse is on t-hand side of the engine. 
The Cae ae 8 ft. 2 in. in between 
centres, are of the I-section solid-end t 


adjustment ; the coupling rods have 
The locomotive has bar frames, which are shown in 

outline in Fig. 2. They are 3 in 

and have a minimum of 43 in. above the 


bg ely gpa. ‘ na 
suspension is compensated and emplo 
laminated and helical fag. The = onh & 
fitted with two transverse laminated springs, each with 
eight j-in. by 3-in. — group is connected 
along each side by to the overhung laminated 
springs of the first and second pairs of coupled wheels. 
These laminated springs each have 11 plates, 4 in. by 
3 in., and 2 ft. 4 in. between pin centres. The driving 
and trailing wheels are compensated along each side 
by a beam over each box ; an intermediate laminated 
spring of 11 plates, y% in, by 3 in., and 2 ft. centres ; 
and a coil spring of 4 in. diameter rod, 3 in. outside 
diameter and 6} in. free length, at each end of the 
group. The swing-link pony truck has 5 in. by 8 in. 
axlebox bearings, and the radius bar is 4 ft. 9 in. in 
le 


ngth. 

Brake blocks are applied to all coupled wheels and 
tender wheel by No. 6ET Westinghouse air-brake 
equipment, with a 8}-in. cross-compound compressor, 
which also supplies air to the train brakes, mounted 
on the left-hand side of the smokebox. There are 
two brake cylinders, each 10 in. in diameter by 8 in. 
stroke, located almost vertically between the 
behind the leading coupled axle, as shown in Fig. 2. 
The brakes are applied through fully-compensated 
rigging, with the blocks on the ends of the 
beams. The locomotive is also equipped with a 110- 
volt Pyle-National electric-lighting set behind the 
dome, with a connection for train lighting ; a Wakefield 
Eureka sight-feed lubricator with two feeds to the 
cylinder barrels, two to the steam-chests, and one to the 
air com r; and a 9-cub. ft. sandbox on top of 
the boiler. The principal dimensions and weights 
of the locomotive and tender are shown in Fig. 2, 
but it should be mentioned that the factor of adhesion | 
is 4-5 to 1, and the overall width is 7 fi. 10 in. outside 
the cab. The tender carries 3,000 gallons of water, and 
either 1,200 gallons (5 tons), of oil, or 6, when the oil 
tank is removed, tons of coal. The water tank is 
U-shaped, with the lower portion of the oil tank 
fitting into the space between the legs. Both the oil 
and water tanks are of steel, welded and riveted, and the 
frame of the tender consists of two 8-in. channels. One 
10-in. by 12-in. Westinghouse brake cyliader is fitted to 
the tender, and the rigging is also connected to a hand 





LONDON MIDLAND REGION LOCOMOTIVE “‘ STEPHEN- 
son.”—To commemorate the centenary of the death of 
George Stephenson, referred to elsewhere in this issue, the 
London Midland Region are naming the 4-6-0 “ Patriot ” 
class locomotive, No. 45529, “‘ Stephenson.” It will be 
the fourth Crewe-built locomotive to be so named, the 
others having been a 2-2-2 Trevithick-Allan engine in 
1851, a John Ramsbottom ‘Problem ” class 2-2-2 
locomotive in 1862, and an “ Experiment ” class 4-6-0 
locomotive built by George Whale in 1906. 





THE HARWELL ATOMIC ENERGY RESEARCH ESTAB- 
LISHMENT: ERRATUM.—Our attention has been called to 
an error which occurred in the account of the Harwell 
Atomic Energy Research Establishment, which appeared 
in ENGINEERING of July 30, 1948. Three words were 
omitted from the sentence concluding on the 17th line 
from the end of the article, on page 99, ante, thereby 
entirely altering the meaning. The phrase affected should 
read, “ by making the primary fuel U 235 produce 
secondary fuel from U 238 or thorium.” We regret the 
error. 


The Civil Engineer in War. A Symposium of Papers on 
War-Time Engineering Problems. Volume 1. Air- 
flelds, Roads, Railways and Bridges. Volume 2. Docks 
and Harbours. Volume 3. Properties of Materials, 
Structures, Hydraulics, Tunnelling and Surveying. The 
Secretary, The Institution of Civil Engineers, Great 
George-street, London, 8.W.1. [Price 42s. net the set 
of 3 volumes. ] 

United States National Bureau of Standards. Annual 
Report of the Bureau for 1947. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. 

Metropolitan Water Board. Annual Reports for the Years 
Ended 31st March, 1940, 1941, 1942, 1943 and 1944. 
One volume. P. S. King and Staples, Limited, 14, 
Great Smith-street, London, 8.W.1. [Price 20s.) 

Rand Water Board. Thirty-Seventh Annual Report for the 
Year Ended 3ist March, 1942. Thirty-Kighth Annual 
Report for the Year Ended 31st March, 1943. The 
Secretary, Rand Water Board, 3, Fraser-street, 
Johannesburg, South Africa. 

L.M.8. Route Books. No.1. The Track of the Irish Mail. 
Euston to Holyhead, No.2. Along the Viking Border. 
London (Euston) to Liverpool. No.3. The Track of the 
Royal Scot. Part I. Euston to Carlisle. No.4. The 
Track of the Royal Scot. Part II. Carlisle io Glasgow. 
No. 5. The Track of the Peak Expresses. London (St. 
Pancras) to Manchester (Central). Regional Press 
Office, London Midland Region, Railway Executive, 
Eversholt-street, London, N.W.1. [Price 2s. 6d. each.] 

Cost Accounting. By Proresson JoHN G. BLOCKER. 
Second edition. MoGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 5-50 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 33s.] 

Heat Conduction, with Engineering and Geological Applica- 
tions. By PRoressor LEONARD R. INGERSOLL, Otro J. 
ZOBEL and ALFRED C. INGERSOLL. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 4 dols.] MoGraw-Hill Pub- 
lishing Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 24s.] 

Engineers’ Council for Professional Development. Fif- 
teenth Anntal Report for the Year Ending September 30, 
1947. Offices of the Council, 29, West 39th-street, 
New York 18, U.S.A. [Price 50 cents.] 

Radio Receivers and Transmitters. By 8S. W. AMOs and 
F. W. KELLAway. Second edition, revised. Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 

.C.2. [Price 25s. het.] 
indard Design of Reinforced Concrete Road Bridges. 
By L. E. Hunrer. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 

# 25s. net.] 

Locomotives of the L.N.W.R. By H. F. F. LIvesey. 
The Railway Publishing Company, Limited, 33, 
Tothill-street, London, S.W.1. [Price 10s. net.] 
ilding Small Ships. By the late WALTER POLLOCK. 
Executors of Walter Pollock, ‘“‘ Wybourne Grange,” 
Tunbridge Wells, Kent. (Price 15s. net.] 

Aggregates. By DR. BERNARD H. KNIGHT and 
ReENA G. Kniest. Edward Arnold and Company, 
41 and 43, Maddox-street, London, W.1. [Price 

+ 258. net.] 

I tate Hydrostatics. By E. E. PREIDEL. Univer- 
sity Tutorial Press Limited, Clifton House, Euston- 

4road, London, N.W.1. [Price 9s. 6d.] 

The Work of the Bridge Builders. By J. GORDON PEIRSON. 
Pen-in-Hand Publishing Company, Limited, St. 
Michael’s-street, Oxford. [Price 7s. 6d. net.] 

United States National Bureau of Standards. Handbook 
H30. Superseding H3. National Electrical Safety 
Code. Superintendent of Documents, Government 
Printing Office, Washington 25, D.@., U.S.A. [Price 
1-25 dols.] 

The Musgrave Pocket Book. Fifth edition. Musgrave and 
Company, Limited, St. Ann’s Works} Belfast. [Price 

0s. 6d. net, postage 6d. extra.] | 


Propulsion in Commercial Air Tra ‘ton. By 
Ropert .E. Hace. Princeton U ity Press, 
Princeten, New Jersey, U.S.A. [ 1-50 dols.] 
‘Oxford University Press (Geoffrey’ Cumberlege), 
Amen House, Warwick-square, London, E.C.4. 


‘cal Publication No. 79. Symposium on Load Tests 

of Bearing Capacity of Soils. Offices of the Society, 

41916, Race-street, Philadelphia 3, Pa., U.S.A. [Price 
3 dols.] 

Rugby Engineering Society. Proceedings. Volume 
XXXVIII. Sessions 1945-46 and 1946-47. The 
Honorary Secretary, Rugby Engineering Society, 
c/o British Thomson-Houston Company, Limited, 
Rugby. [Price 10s. 6d.] 

Technische Gesteinskunde. By Dr. A. VON Moos and Dr. 

F. DE QUERVAIN. Verlag Birkh&user, Elisabethen- 

strasse 15, Bale, Switzerland. [Price 29 Swiss francs, 


[Price 8s. 6d. net.] 
4 an Society for Testing Materials. Special Tech- 





in paper covers ; 33 Swiss francs, cloth bound.] 





Authority, Tower Hill, London, E.C.3, is to retire on 
November 1, and will be succeeded by Mr. L. E. Forp, 
O.B.E., at present chief docks manager, Western Region, 
British Railways. 

Mr. D. A. Palmer has been elected chairman of the 
board of Messrs. Reayell and Company, Limited, Rane. 
lagh Works, Ipswich, and Mr. R. L. QUERTIER, deputy 
chairman. Mr. Quertier and Lirut.-CoLONEL K. Rea. 
VELL have been appointed joint managing directors, 
Mr. Quertier will be responsible for design, research and 
development, and technical sales, and Col. Reavell for 
commercial sales and the supervision of the works. 

Mr. B. EK. G. Opns and Mr. FIragkRBERT WricHr 
have been appointed joint deputy managing directors ot 
Messrs. Aveling-Barford Limited, and Mr. FE. R. 
How.etr and Mr. C. J. Ritcuig have been elected 
directors. 


Mr. D. A. Hove has been appointed general secre- 
tary of the Institute of Petroleum, 26, Portland-place, 
London, W.1, with effect from September 1. Mr. Grorce 
SELL, who has been publications secretary since March, 
1946, has been appointed editor of the Institute’s publi- 
cations with effect from August 1. 


Mr. H. TrRowspALE, who was appointed charge 
engineer at Falkirk Corporation Power Station in 1920 
and was promoted senior charge engineer in 1947, has 
been appointed station superintendent at Falkirk, which 
is now in the South-East Scotland Division, British 
Electricity Authority. 

Mr. G. A. Hesuip, M.I.Mech.E., M.S.A.E., has relin- 
quished his position as production manager, Messrs. 
Davey, Paxman and Company, Limited, to take up 
duties with the Climax Rock Drill and Engineering 
Works, Limited, Carn Brea, Cornwall, as from Sep- 
tember 1. 

Mr. Horace W. Ciarke, F.1I.M., managing director 
of James Booth and Company, Limited, and of John 
Wilkes, Sons and Mapplebeck, Limited, Birmingham 
and President and chairman of the Executive Committee 
of the British Non-Ferrous Metals Federation, 132, 
Hagley-road, Birmingham, 16, has been awarded the 
honorary degree of Doctor of Science of the University of 
Birmingham, in recognition of his services to the Univer- 
sity and to the non-ferrous metals industry. 

Mr. LEONARD AUSTIN, M.I.P.E., who joined Messrs, 
Wadkin Limited, Green Lane Works, Leicester, as works 
manager in 1920, and was appointed works director in 
1936; has now been appointed joint managing director 
of the firm. 


CapTaIN A. W. CLARKE, C.B.E., D.S.O., R.N. (ret.), 
has been appointed Chief of Naval Information as from 
September 15, in succession to Captain C. S. B. Swinley, 
D.S.O., D.S.C., R.N. 

Mr. F. A. Youna has joined Messrs. Rockwell Machine 
Tool Company, Limited, Second Way, Exhibition 
Grounds, Wembley, Middlesex, as representative for the 
northern area. His office is at 39, High-street, Stockport. 
(Telephone : Stockport 3077.) 


Mr. L. J. LAMBouRN, of the product design division, 
Dunlop Rubber Company, Limited, Fort Dunlop, Bir- 
mingham, has been elected chairman of the Tyre and 
Wheel Technical Committee d? the Society of Motor 
Manufacturers and Traders. 


Mr. C. A. CAMERON BROWN has been appointed 
Agricultural Electrification Adviser in the Commercial 
Department of the British Electricity Authority. 

The Board of Trade announce that Mr. J. H. O’HaGaNn 
has relinquished the post of United Kingdom Trade 
Commissioner at Bombay, and that Mr. J. W. STOODLEY 
has been transferred there. 


We announced on page 106 of our issue of January 30) 
1948, that Messrs. VICKERS-ARMSTRONGS LIMITED, 
Vickers House, Broadway, London, S.W.1, had acquired 
the manufacturing rights, in the United Kingdom, ot 
the Kelly letter press of American Type Founders 
Incorporated, New Jersey, United States. We now learn 
that the manufacturing and selling rights under this 
arrangement have been extended to include the Little 
Giant letter press, which will also be manufactured at 
the Vickers-Armstrongs Newcastle-upon-Tyne Works. 

Messrs. Hopcson, Dawson LimiTED, engineers and 
contractors, have removed their offices from Laings 
Corner, London-road, Mitcham, Surrey, to Lloyds Bank 
Buildings, 61, Moorgate, London, E.C.2. 





INSTITUTE OF TRANSPORT.—The undermentioned have 
been elected ordinary members of the Council of the 
Institute of Transport and will take office on October 1: 
Sir Alan J. Cobham, K.B.E., A.F.C., Mr. R. G. Grout, 
Mr. R. H. Hacker, Mr. R. G. James, Mr. A. G. Marsden, 
C.B.E., Mr. Donald Murray, Mr. G. F. Sinclair, C.B.E., 
Mr. P. J. R. Tapp, C.B.E., M.C., and Mr. J. V. ‘Wood, 
Mr. Ernest Havers has been elected to serve on the 
Council as an associate member. 
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NOTES FROM THE NORTH. 

GLascow, Wednesday. 
Scottish Steel.—The industry resumed with consider- 
able activity after the holidays, and this was continued 
after a period of reduced activity necessitated by the 
hot weather, which made work difficult. Some less 
mechanised plants had to suspend operations tem- 
porarily. There is no shortage of orders, and activity is 
well maintained with the present better supply of scrap. 
Shipments from Germany and home scrap supplies have 
been very good. On the other hand, semies are in no 
better supply. Some very commendable efforts to make 
up the million tons loss of imports have failed almost 
completely and billets and sheet bars are particularly 
short. A Belgian supply, amounting, it is hoped, to 
about 200,000 tons, is expected this year, but re-rollers 
are still obliged to use discard materials. Steel for 
shipbuilding is still well below requirements at a time 
when the total British output is 2,500,000 tons above the 
best pre-war record. 


Scottish Coal.—Post-war labour unrest has caused a 
drop of six to seven thousand tons in output, this week. 
There have been half a dozen sectional disputes leading 
to stoppages involving a handful of men in each case and 
an aggregate of two to three thousand tons of coal. 
Most sections have now resumed work, but the men are 
still out at Blantyreferme, and although the original 
dispute at Calderhead has been settled a second is now in 
progress. There was a major stoppage at Auchincruive, 
in Ayrshire, where about 500 men were on strike and 
nearly 3,000 tons of coal were lost. This, too, has been 
resolved. Distribution had been on fairly steady holiday 
lines, and most users were fairly well satisfied, but it is 
feared that there may be some dipping into stock piles 
as a result of the strikes. Scottish production last week 
was 389,700 tons, as compared with 123,500 for the pre- 
vious week, during the holiday. Area productions, with 
the previous week in parentheses, were: Fife and Clack- 
mannan 109,700 (11,500); Lothians 75,400 (72,500); 
Lanarkshire 143,500 (6,500); and Ayrshire 61,100 
(33,000). 





NOTES FROM THE SOUTH-WEST. 


CarRpirr, Wednesday. 

Welsh Coal Trade.—Trading in Welsh steam coals 
during the past week has been severely restricted by the 
holidays. On Monday and Tuesday all the pits were idle 
and there was some absenteeism on subsequent days, but 
in addition to this, a large number of pits in the area were 
closed for the whole week for the miners’ annual leave. 
Consequently, there was a very difficult supply position, 
and although a good trade was still offering, new trans- 
actions were very limited. Stems for nearly all grades 
were hard to arrange and the position is not expected to 
ease much before early September. The August export 
quantities were smaller on account of the holiday loss 
of output, but some arrangements have been made 
for Portugal and Spain, though, this week, buyers in the 
latter market have been showing less interest. In July, 
the Spanish trade showed expansion and it was thought 
that buyers there were finding themselves fairly well 
placed with coals for the present. The French trade is 


activities were almost at a standstill while consumers in 
that country used up some of the heavy American stocks 
held. Inland, there was a good trade with the leading 
industries, while the railways, gasworks and electric 
power stations called for large deliveries. All grades of 
coke were heavily sold and fresh demands were not 
readily met; patent fuel was well sold forward. 





NEW BROADCASTING TRANSMITTER aT NORWICH.— 
It is announced by the British Broadcasting Corporation 
that construction of a new transmitting station has begun 
at Great Plumstead Lodge, about 4} miles east of 
Norwich, on the Acle-Great Yarmouth road. This station 
will incorporate a directional aerial system, consisting of 
two-mast radiators, each 126 ft. high, and will radiate 
the Midland Home Service programme with a power of 
5 kW on a wavelength of 296-2 m. (1,013 kilocycles per 
second). It will replace the existing 1-kW station at 





TELEVISION IN THE UNITED STATES.—The Commercial 
Minister of the British Embassy in Washington has 
reported that, according to the Federal Trade Commis- 
sion, there are 22 television stations at present in opera- 
tion in the United States. The construction of 71 
additional stations has been authorised, and applications 
for 192 others are being examined. It is estimated that 


there are more than 200,000 television receiving sets in 
use, of which 180,000 were purchased in 1947. The pro- 
duction of new receivers during 1948 is expected to 
amount to 600,000. In Washington alone, about 700 rew 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—A quiet time prevails in the market 
but iron and steel firms have a great deal of work to carry 
out. Tees-side plants have been producing heavy ton- 
nages for a long period and recently have been handling 
their delivery obligations most creditably, but the usual 
annual holiday week this month will reduce the August 
make of many commodities and the pressure for imme- 
diate supplies of material has eased. Few works can 
undertake new contracts for the current quarter, but are 
expected to deal satisfactorily with tonuage allocations 
to be issued for supply over the closing months of the 
year. Iron and steel plants, in fact, promise to be as 
actively engaged during the Autumn as deliveries of raw 
materials and the available labour permit. While larger 
supplies of coal and coke would be very acceptable the 
situation in regard to fuel is generally less unfavourable 
than might have been expected. The output of Cleve- 
land ironstone, however, is still unsatisfactory and 
renders necessary the heavy use of costly imported ores. 
The 26 blast furnaces on Tees-side are in full blast and are 
meeting the essential needs of regular customers for their 
products. 


Foundry and Basic Iron.—The supply of ordinary 
foundry pig iron is still inadequate. There is no pros- 
pect of a resumption of output of No. 3 Cleveland pig and 
North-East Coast founders have difficulty in obtaining 
from other producing areas sufficient iron for their re- 
quirements. The intermittent make, on Tees-side, of a 
substitute iron of a quality suitable for foundry purposes 
is meagre and consumers of foundry pig are almost 
entirely dependent on supplies of Midland brands. Basic- 
iron production is promptly absorbed at maker’s adjacent 
steelworks. 


Hematite, Low-Phosphorus and Refined Iron.—The dis- 
tributable tonnage of East-Coast hematite now deals 
satisfactorily with customers’ requirements and provides 
@ little surplus tonnage for storage. Makers, however, 
incline to the belief that the demand will increase and 
early preparation for a further enlargement of output 
seems likely. Ample supplies are available to meet a 
steady demand for low- and medium-phosphorus grades 
of iron. Manufacturers of refined iron are turning out 
sufficient material for their customers’ requirements. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron and steel firms have extensive commit- 
ments. There are many complaints of shortage of iron 
and steel scrap though the immivent holidays at finishing 
plants have lessened the demands for immediate delivery 
to some extent. Semi-finished steel commodities are 
coming to hand in rather better parcels, both from home 
and overseas sources of supply, but the distributable ton- 
nages of sheet bars, slabs and usable inferior billets, 
as well as prime billets, are readily taken up. All ship- 
building requisites and material for constructional 
engineering werk are beavily specified and priority orders 
for sheets are very extensive. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The steel and engineering works have 
got fully into their stride again following the works 
holidays. Considerable arrears of orders are on the books, 
and are engaging the attention of works executives, who 
are endeavouring to comply with numerous requests for 
earlier delivery. There is greater insistence, especially 
from buyers abroad, on quality, lower prices and earlier 
deliveries. It is realised that the seller’s market is almost 
ended. Foreign competition is more active and includes 
that of Germany. The policy of some foreign countries 
to restrict imports considerably for currency reasons is 
growing. Home demand is very strong. Many months 
work is on the books for railway materials for British 
Railways, which are trying to expedite the long-delayed 
repairs and renewals, and the building of locomotives and 
rolling stock. Makers of plant and machinery for the 
iron and steel, and non-ferrous industries are booked for 
long periods. Many concerns are awaiting deliveries of 
heavy and light machine tools for use in connection with 
their programmes of works extension and re-equipment. 
Some iron and steel foundries have made satisfactory 
progress in carrying out schemes of reorganisation and 
re-equipment. 
South Yorkshire Coal Trade.—Holidays in the coalfield 
bave been finished at several pits, and absenteeism has 
tended to be less pronounced, but supplies of coal are 
inadequate. Greater calls are being made for locomotive 
hards for the railways, the consumption of which has 
been very heavy recently. More coal is needed to meet 
export requirements in best qualities and several inquiries 
are awaiting settlement. Coking coal is in adequate 
supply in most cases, but the demand for coke is very 
strong, and it is not possible to build up any extensive 





sets are sold each month. 


CONTRACTS. 


Dunrine July, 1948, the British Electricity Authority 
placed the following contracts for generating, switching 
and transformi tation equipment; for a circulating- 
water outlet tunnel and mains at Poole generating sta- 
tion ; and for the foundations of Barking C station, with 
Messrs. SiR ROBERT MCALPINE AND Sons, LIMITED, 
80, Park-lane, London, W.1; for permanent-way works 
for sidings at Usk Mouth generating station, with the 
Isca FouNDRY COMPANY, LIMITED, Newport, Mon. ; for 
coal-handling plant at Keadby generating station, with 
Messrs. SPENCER (MELKSHAM), LIMITED, Melksham, 
Wiltshire; for 3,000-volt and 415-volt switchgear for 
Skelton Grange station, Leeds, with the ENGLISH ELEC- 
TRIC COMPANY, LIMITED, Queen’s House, Kingsway, 
London, W.C.2; for coal-storage and reclamation plant 
at Neepsend station, Sheffield, with MrrcHELL ENGI- 
NEERING, LIMITED, Peterborough; for 132-kV switch- 
gear at Windscale, Cumberland, with METROPOLITAN- 
VICKERS ELECTRICAL COMPANY, LIMITED, Trafford Park, 
Manchester ; and for 132-kV overhead lines from Wind- 
scale to Stainburn, with Messrs. WaTsHAMs, LIMITED, 
Caversham, Berkshire. 








CATALOGUES. 


Mining Machinery.—Messrs. British Jeffrey-Diamond 
Limited, Stennard Works, Wakefield, have sent us a new 
publication entitled ‘“‘ Mining Machinery Manufacturers 
since 1897.” This contains brief illustrated descriptions 
of longwall and shortwall coal cutters, igging and belt 
conveyors, loaders, crushers and other colliery equipment. 


Magnetic Clutches.—Details of the Phoenix magnetic 
clutches manufactured by them are given in a pamphlet 
issued by Messrs. W. E. Burnand and Son, Shoreham- 
street, Sheffield, 1. These clutches are made in a number 
of types and sizes for application to synchronous-motor 
drives, cranes, conveyors, presses, winches and machine 
tools. 

“ Push-Button” and “‘ Snap-Action” Switches.— 
Messrs. Brookhirst Switchgear, Limited, Chester, have 
published two leaflets dealing with their push-button 
switches with capacities up to 3-5 amperes at 110 volts 
and 0-6 ampere at 550 volts, and with their snap action 
switches with capacities up to 10 amperes at 550 volts. 


Electric Muffles, Coils and Solenoids.—Leafiets giving 
succinct particulars of their electric muffles for workshop 
or laboratory use, coils for electromagnetic applications, 
and direct-current solenoids for purposes in which severe 
limitations of weight and dimensions are imposed, have 
come to hand from Westool Limited, St. Helen’s 
Auckland, Bishop Auckland, County Durham. 


Crane Current Collector.—The carbon collector, de- 
scribed in a leatiet issued by the Morgan Crucible Com- 
pany, Limited, Battersea Works, Battersea Church-road, 
London, S.W.1, is designed to provide an efficient means 
of current collection for cranes and trolley booms. It 
consists essentially of two extruded brass plates, which 
are bolted together so that the carbon insert between 
them is firmly held. 


Flameproof Motors.—Details of the Buxton-certified 
fiameproof electric motors made by them are given in a 
pamphlet issued by Lancashire Dynamo and Crypto, 
Limited, Trafford Park, Manchester. The range covers 
both alternating- and direct-current machines of various 
types and of outputs from } h.p. to 1,100 h.p. All have 
been designed to qualify for the Ministry of Fuel and 
Power’s test certificates. 


Electric Control of Materials-Handling Plant.—A great 
deal of useful information about the various types of 
electrical equipment they manufacture for the control 
of materials-handling plant is given in a pamphlet 
issued recently by Brookhirst Switchgear, Limited, North 
gate Works, Chester. Sequence interlocking, in particu- 
lar, is dealt with, as are the chute switches which are 
employed when it is desired to select different routes for 
the flow of material. 

Motor-Control Switchboards for Grouped Drives.— 
Details of starter switchboards, which have been deve- 
loped to facilitate the arrangement of the control gear 
of motor-driving pumps, boiler-house auxiliaries, con- 
veyors and other similar plant, are given in a pamphlet 
issued by Brookhirst Switchgear, Limited, Northgate 
Works, Chester. This control gear is combined with the 
distribution gear and unnegessary duplication of the 
isolating and protective features is thereby avoided. 

Neon Indicator Lamps.—A neon indicator lamp, with 
a one-hole fitting which enables it to be directly con- 
nected to the mains, is described in a leaflet issued by 
the Acru Electric Tool Manufacturing Company, Limited, 
123, Hyde-road, Ardwick, Manchester, 12. This lamp 
is designed for use on instrument panels, control boards, 
heating appliances and machine tools, and it can be 
supplied either with transparent colourless covers to 
give the normal neon-discharge colour, or with coloured 
covers to give dark amber, dark green or dark red 
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GEORGE STEPHENSON: THE 
MAN AND THE LEGEND. 


YestEerpay, August 12, the town of Chesterfield 
entered upon a fortnight of exhibitions and asso- 
ciated civic activities designed to commemorate 
the centenary of the death of George Stephenson, 
who spent the last ten years of his life there and, by 
his development of new industries in the locality, 
did much to promote its expansion and prosperity 
apart from the general benefits conferred by the 
growth of railways. Chesterfield, which showed full 
appreciation of Stephenson during his life, has 
missed few opportunities to do so since his death. 
Indeed, not many towns have displayed the same 
eagerness to keep green the memory of residents, 
however eminent in other directions, who had been 
for such a comparatively short time within their 
borders ; and the brochure* which has been pre- 
pared to mark the present occasion indicates that 
this laudable instinct is not less powerful to-day 
than in 1881, the centenary of his birth at Wylam- 
on-Tyne, when also Chesterfield was en féte. 

It may be remarked at this juncture that Tyne- 
side, where Stephenson first displayed the sterling 
qualities which afterwards brought him to inter- 
national eminence, has marked the centenary in 
a manner of which, undoubtedly, he would have 
approved—the purchase of his cottage birthplace 
at Wylam, which is to be handed over to the 
National Trust. The organisation of the fund that 
was raised for this purpose was undertaken by the 
North-East Coast Institution of Engineers and 
Shipbuilders and was vigorously supported by the 


* George Steph Cent y Commemoration. Pre- 
pared under the auspices of the Stephenson Centenary 
Sub-Committee, Borough of Chesterfield, and obtainable 











for advertisers’ blocks left in their possession for more 
than two years. 


from the Town Clerk’s Office, Town Hall, Chesterfield. 
{Price 28.] 


late Captain E. W. Swan, O.B.E., R.N.V.B.., formerly 
curator of the Industrial Museum at Newcastle-on- 
Tyne. In drawing attention to this appeal in the 
previous volume of ENGINEERING, we expressed the 
hope that the purchase of the cottage might be 
completed, or at least assured, by August 12, and 
it is gratifying to learn from the Institution that 
this aim has been realised. The fund is still open 
to receive further contributions, however, to ensure 
an adequate maintenance endowment for the 


1| cottage, part of which it is proposed to use as a 


museum of relics of Stephenson and his work. 

While it is highly satisfactory that so much 
should be done to honour the memory of one to 
whom this country—and the world in general— 
owes such a large part of its present advancement, 
it is curious to reflect on how little is really known 
about Stephenson himself. In a way, this situatien 
may be regarded, perhaps, as only another tribute 
to his status; when a man becomes a legend in 
his own lifetime, he is acce so much as every- 
body’s property that the collection of authentic 
biographical material about him is liable to become 
nobody’s especial business. He lives in men’s 
minds so vividly that no need is felt to write down 
with accuracy the little details that are so clearly 
remembered and are common currency. The next 
generation still retains the sense of personal contact, 
at only one remove, and that impression may persist 
to a third generation ; but by that time there is no 
one left, in all probability, to whom the historian 
or the sceptic can turn for corroborative evidence 
that shall be unquestionably authentic. Only the 
legend is left, and, for most people, it consists 
mainly of the sentimental “human” episodes, 
the kind of incident that they can visualise in their 
mind’s eye—usually, of course, no more than a 
reflection of the kind of experience with which the 
individual mind is stored. Hence persists the story 
of King Alfred and the scorched cakes; whereas 
knowledge of King Alfred, and of what sort of man 
he really was, would probably be advanced much 
further if only it could be said with assurance what 
plans he was cogitating upon and how his mind 
was working while it was not upon the cakes. 

If, as in the case of George Stephenson, there has 
existed for many years a biography that is generally 
accepted, if not as definitive, at least as being all 
that is required, the task of any subsequent inquirer 
becomes difficult in the extreme. Smiles’s famous 
Life of George Stephenson, which appeared in 1859, 
had its beginning ten years earlier in an article 
written for Eliza Cook’s Journal—a now forgotten 
publication, founded and edited by an almost 
forgotten poetess to whom Smiles had been intro- 
duced by a mutual friend. He had already estab- 
lished himself as an author by the publication of 
Self Help, and the biography of Stephenson that 
he wrote for Eliza Cook was inspired by the same 
didactic purpose as that early Victorian classic. 
By occupation, Smiles was a railway secretary, and 
as such had access to many men who were associated 
with railway development, among them John 
Bourne, then engineer of the Leeds Northern 
Railway and a former employee of George Stephen- 
son; and most of the information that Smiles used 
for the article was given to him verbally by Bourne. 
It was not until several years later that he con- 
ceived the idea of expanding this small biographical 
article into a book, and more years passed before he 
settled down seriously to the task. By that time, 
the scene of his secretarial duties had shifted to 
Newcastle-on-Tyne, where he employed his spare 
time in visiting the places in which George Stephen- 
son spent his boyhood and early manhood, and in 
seeking out anyone who could give first-hand 
information. The method was sound enough in 
theory, but in practice it required some technical 
knowledge to enable the wheat to be sifted from the 
chaff. This critical equipment Smiles did not 
possess, and, in any case, he was not trying to write 
technical history, but a “human” narrative on 
Self Help lines. His industry and pertinacity were 
wholly admirable and the list of those whose personal 
recollections he tapped must be the envy of anyone 
who has ever tried to write an engineer’s biography. 
There is no fault to be found with his sources, but 
they were far from being complete, and there can be 





no question that, from the technical point of view, 
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very much more might have been obtained from 
them than was within Smiles’s capability or within 
the seope of his intentions. He stated himself, in 
his Autobiography, apparently as a matter for pride, 
that “Little or no information was derived from 
books or reports, but nearly all from personal 
inquiry and intercourse.” 

In such circumstances, there could be only one 
result, and the book is current evidence enough that 
the result followed. Its “ popular ” character, how- 
ever, made it an instant success and, equally 
inevitably, closed the door against anyone else 
who might have been contemplating a more technical 
and coldly historical survey of the same ground. 
From that day to this, practically every biographical 
reference to George Stephenson has relied mainly 
upon Smiles; aided—though to a much lesser 
extent, because the source is not nearly so widely 
known—by the little book, George Stephenson : 
The Father of Railways, written in 1878 by Thomas 
Summerside (“‘who knew him when he was poor, 
served him when he was rich, and assisted to carry 
him to his final resting place”’). The title quoted 
appears on the front cover, but the title-page is 
more expansive, presenting the work as ‘‘ Anecdotes, 
Reminiscences, and Conversations of and with the 
late George Stephenson, Father of Railways. 
Characteristically illustrative of his Adroitness, 
Sarcasm, Benevolence, and Intrepidity ” but not, 
unfortunately, of his engineering skill or processes 
of design, or his professional relations with his 
engineering contemporaries. In fact, Summerside’s 
book, interesting as it is, might be described not 
unfairly as a tract ; but it has been used occasionally 
as @ source-book, and not always with acknowledg- 
ment—in which respect, as in some others, edi- 
torial and historical, the present Chesterfield 
brochure is not entirely above criticism. 

Several of the other pioneers who figured in 
Smiles’s Lives of the Engineers have been the subjects 
of later biographies, which have added greatly to 
the available knowledge about them, especially on 
the technical and professional side ; and it is note- 
worthy how little fault the authors of these works 
have to find with the foundations that Smiles laid, 
so far as these extend. The fact that it has been 
possible to add so much, however, clearly exhibits 
Smiles’s limitations, and justifies the hope that, even 
after this lapse of time, the publication of a more 
comprehensive Life of Stephenson is not beyond the 
bounds of possibility. The documentary material 
may be less extensive than in some other cases—for 
instance, those of James Watt and Matthew Boul- 
ton ; but there is probably as much to be found, of 
a directly personal nature, as Dr. H. W. Dickinson 
and Mr. Arthur Titley were able to bring together 
in their definitive memorial volume on Richard 
Trevithick. 

The Chesterfield brochure to which we have re- 
ferred—and which, it may be added, deserves a place 
in any collection of “ Stephensoniana’’—contains 
an appeal by the Mayor, Alderman Edgar Smith, 
J.P., for contributions to the borough’s George 
Stephenson Memorial Fund, the purpose of which is 
to raise 10,000/., primarily to “‘ make the surround- 
ings of George Stephenson’s grave more worthy.” 
Any funds remaining after this object has been 
accomplished “‘ would be used, at the discretion of 
the trustees, probably for educational purposes and 
the foundation of George Stephenson Engineering 
Scholarships.” These are worthy aims, and we 
share the Mayor’s hope that the “engineering, 
mining and railway organisations in this country 
and abroad,” to whom he appeals specifically, will 
respond in no uncertain fashion; there are few of 
them that do not owe some debt to Stephenson’s 
genius. At the same time, we feel sure that there 
are many engineers and others, who are interested to 

e and disseminate the knowledge of the origins 
and contributory influences on which Britain’s indus- 
trial greatness has been established, who would like 
to see, as an outcome of this centennial commemora- 


tion, some steps taken to produce a more compre- 
hensive biography of George Stephenson ; not with 
any desire to supplant Smiles—whose place as a 
biographer is unassailable—but to supplement his 
work with the technical details and technically 


THE SUPPLY AND UTILISA- 
TION OF COAL. 


“Coal in truth stands not beside but entirely 
above all other commodities. It is the material 
source of the energy of the country . . . without 
it we are thrown back into the laborious poverty 
of early times.” This statement was made by 
W. Stanley Jevons in the year 1865. Since that 
time, there has been great development in the use 
of natural water power and the employment of oil 
as a source of heat energy, but as far as this country 
is concerned, his opinion is still true. In some 
others, such as Canada, water power has become 
the main source of energy, and the contribution it 
is making in Great Britain is of value, but is far 
from constituting a major source of mechanical 
power. In Scotland, in particular, projects are in 
hand to utilise any sources which are available, 
and it is a matter for some surprise that no corre- 
sponding detail development has been undertaken 
in Wales. Even with every advantage taken of 
possibilities, however, the industry of this country 
remains, and will remain, based on coal. 
From a technical point of view, there is nothing 
to prevent oil being substituted for coal, but from 
the point of view of economic possibility there may 
be much. In some obvious applications, oil has 
already captured the market, and in others it has 
become a powerful competitor. Sir Edward Apple- 
ton has said, “‘ unless research leads to a con- 
siderable improvement in the use of coal on loco- 
motives, there is certain to be an acceleration in a 
change-over to oil in place of coal.” This may be 
so, but the matter is not entirely one of thermal 
efficiency. Oil has to be imported and unless inter- 
national financial relations become very different 
from what they are at present, oil may remain a 
commodity difficult to pay for. The available 
supply is now much less than is desirable and the 
shortage is unfavourably affecting the industrial 
and other activities of the country. A policy of 
main-line electrification would improve the thermal 
efficiency of rail traction without the use of oil. 
In its own special fields, oil is likely to retain its 
position, but as a main source of heat this country 
will have to continue to rely on coal. There is 
plenty available; many and various estimates 
have been made of the quantity. Again quoting 
Sir Edward Appleton, “the investigations of the 
Fuel Research Coal Survey, in co-operation with the 
Geological Survey and the industry, have shown 
that we have sufficient workable coal of all the 
main types to provide 250 million tons a year for 
at least 100 years and probably for 200 years and 
possibly longer.” This figure presumably refers to 
coal workable by present methods, but there are 
probably deep reserves which the development of 
mining procedure may ultimately make available. 
In the course of a paper presented at the Dundee 
meeting of the British Association last year, by 
Dr. G. M. Lees and Mr. N. L. Falcon, it was statéd, 
for instance, that an extensive coalfield had been 
discovered by borings in Central Lincolnshire, but 
the seams lay at some 4,000 ft. or 5,000 ft. from the 
surface ; there were good that they rose 
to lesser depths in the vicinity of the Wash. What- 
ever the future supplies may be, however, it is 
clear that the greatest efficiency in use is highly 
desirable both from the points of view of the con- 
servation of supplies and the reduction of fuel costs, 
and it is satisfactory that Professor H. L. Riley is 
able to say “in Great Britain, owing to increased 
efficiency in utilisation, at least four times as much 
useful energy is derived from a ton of coal as 
compared with two generations ago.” 
The subject of coal was given much attention at 


symposium on ‘‘Coal as a Source of Heat and 
Power” was held by the Physics Section; and 
papers on the same subject were presented to the 
is described as a “‘ synoptic record ” of these various 


Advancement of Science. This useful compilation 
contains summaries of the information presented to 





critical examination of material which, so far, have 


been largely lacking. 


the Dundee meeting of the British Association. A 


Chemistry, Geology and Engineering Sections. What 


communications appears in the April issue of The 


coal. The various quotations made above are 
taken from this record. The business of the 
engineer is concerned mainly with the utilisation 
of coal, although he is also occupied with its winning, 
The question of future supplies lies mainly in the 
field of the geologist, but the engineer is naturally 
interested in the supply prospects of his main heat- 
producing material. There is one aspect of this 
side of the question which is of great importance to 
him. Referring to the Midlands coalfields, Dr, 
G. H. Mitchell said “‘ within the lifetime of the next 
generation, a steady decline in output of the present 
known areas will set in as seams become exhausted 
. . . the higher-grade coals will be greatly reduced 
long before that time and the process of their 
replacement by inferior coals, already considerably 
advanced, will be accelerated.” Much experience 
in the use of inferior coals has been imposed by 
force majeure in recent years and many will think 
it a cheerless prospect if what was looked upon as a 
temporary war-time necessity is to become a per- 
manency. A prospect of better things was hinted 
at by Professor H.G. A. Hickling, who suggested that 
there was a definite increase in the average quality of 
coal with its depth below the surface. In spite of 
mining difficulties, it may be assumed that deep 
seams of good quality will ultimately be exploited. 
As the industry of this country must continue to 
be based on coal, any projects for the conservation of 
supplies, in view of the requirements of a distant 
future, must be based on more efficient use, not on a 
reduction in mining activity. One ton of coal may 
do the work performed by four two generations ago, 
but the increased scale of industry and the rise in 
domestic consumption, which is not likely to be 
checked, are such that the saving represented by 
the improved efficiency of consumption has not led 
to a falling-off in demand. Industry could probably 
not be maintained on the present scale on the basis of 
the thermal efficiencies of sixty years ago, but even 
if it could be, any surplus coal made available by 
improvements in methods of consumption would 
be diverted at once to the export trade. The great 
increase in the average efficiency of utilisation which 
has been made in the course of two generations 
have been due to work by unnumbered investigators 
in a wide variety of fields. Activities of this kind 
will continue and will probably be accentuated 
owing to the serious rise in the cost of coal. The 
price factor has been the real basis of progress. The 
great improvement in electric power station effici- 
ency which has taken place in that period has been 
due to a desire to reduce the cost of generation, not 
to any consideration based on the conservation of 
the coal resources of the country. 

It is impossible to predict what the average effi- 
ciency of coal utilisation may be say 20 years from 
to-day ; the field is so wide and the unknowns are 80 
many. In some special applications estimates may 
be made, and Sir Edward Appleton expressed the 
opinion that an average power-station efficiency of 
utilisation of between 25 and 30 per cent. would be 
reached. The lower of these figures has been ex- 
ceeded already in some cases. Domestic consump- 
tion probably represents the most wasteful use of 
coal at the present time, and constitutes a high pro- 
portion of the total coal used. In the period 1936 to 
1938, domestic consumption amounted to 50 million 
tons, electric power stations to 14 million tons, gas- 
works to 19 million tons, and railways to 15 million 
tons. With the great increase in electric and gas 
services in the domestic field, it is probable that the 
relative magnitude of these various figures has now 
been altered, but the domestic load still represents a 
very important proportion of the total. A great deal 
of work directed to the improvement of domestic 
appliances and methods is being carried out, but the 
average domestic heat-producing or heat-using plant 
is so small and the number of units is so great that 
revision of existing methods on a large scale would 
take very many years. At the moment, the average 
householder could not obtain improved appliances 
even if he were prepared to pay for them. Professor 
Bernal said that if the best methods of utilisation 
and heat insulation were employed coal consumption 
might be reduced by 30 per cent. and the present 
scale of heating retained. This procedure, however, 








the various sections and forms a valuable survey of 
the whole subject of the supply and utilisation of 


would probably involve the practical reconstruction 
of most existing houses. 





the 
tion 
ing, 
the 
rally 
eat- 
this 
e to 


next 
sent 
sted 
Iced 
heir 
ably 
ence 
| by 


as a 
per- 


that 
iy of 
e of 
leep 


e to 
n of 


on a 
may 
ago, 
e in 
» be 
| by 
s led 
ably 
is of 
ven 
> by 
ould 
Teat 
hich 
ions 
tors 


ated 


The 
ffici- 


not 
n of 


ver, 





AuG. 13, 1948. 


ENGINEERING. 





159 








NOTES. 


GxrorGcE STEPHENSON CENTENARY COMMEMORATION 
aT CHESTERFIELD. 


THE centenary of the death of George Stephenson, 
which occurred at his residence, Tapton House, 
Chesterfield, on August 12, 1848, is being commem- 
orated in the borough by a series of civic events, 
and a number of exhibitions, extending from yester- 
day, August 12, to August 28. The opening 
ceremony took place in the Town Hall, the proceed- 
ings being officially inaugurated by the Rt. Hon. 
lord Kennet, P.C., G.B.E., President of ‘the 
Association of Municipal Corporations, with the 
support of Sir Robert Robinson, President of the 
Royal Society, who is a Freeman of Chesterfield ; 
Major William Gregson, M.Sc., President of the 
Institution of Mechanical Engineers; Miss Violet 
Markham, C.H., whose family followed George 
Stephenson in the eccupation of Tapton House 
(which is now a County secondary school); Mr. 
George Benson, M.P. for Chesterfield; the Mayor 
(Alderman Edgar Smith), and the Borough Council ; 
and, among others, Mr. J. J. B. Rose, of Ulverston, 
who is described as “‘ the oldest known living descen- 
dant of George Stephenson ’”—a collateral descen- 
dant, of course, as George Stephenson’s only child, 
Robert, left no family. Other events include a 
civic commemoration service at Holy Trinity 
Church, Chesterfield, where George Stephenson is 
buried, on Sunday, August 15, at 3 p.m., and a 
commemoration service at Chesterfield parish church 
at 6.30 p.m. the same day; and, at 7 p.m., a Rail- 
waymen’s Commemorative Meeting at the Co-opera- 
tive Hall, Elder-way, Chesterfield. A number of 
exhibitions have been organised, dealing with 
George Stephenson himself, and with the various 
industries—railways, engineering and mining— 
with which his name is associated. These comprise 
a Railway Exhibition, organised by the British 
Railways Executive, which is to be opened at 
10 a.m. on Sunday, August 15, at the Market-place 
station, West Bars; an Engineering Exhibition at 
the Boythorpe-road Drill Hall ; a Mining Exhibition, 
organised by the National Coal Board, at the 
Ashgate-road Drill Hall; and a Stephenson Relics 
Exhibition at the Stephenson Memorial Hall, to 
which the Science Museum, the Institution of Civil 
Engineers and the Institution of Mechanical Engi- 
neers have sent interesting displays. The principal 
contributors to the exhibitions, in addition to the 
British Railways Executive and the National Coal 
Board, are the Bryan Donkin Company, Limited, 
the Chesterfield Tube Company, Limited, the British 
Thomson-Houston Company, Limited, Markham 
and Company, Limited, the Sheepbridge Coal and 
Iron Company, Limited, the Staveley Coal and Iron 
Company, Limited, and the Clay Cross Company, 
Limited. The last-mentioned company, it may be 
mentioned, are showing a hoist engine from the lime 
kilns at Ambergate, stated to have been “ made 
by George Stephenson,” which was in regular service 
from 1841 to the end of 1946; and a haulage 
engine, fitted with what is claimed to be “ the first 
link motion ever made,” patented by George Howe. 


Tue Evecrriciry COMMISSIONERS. 

The Electricity Commissioners (Dissolution) Order, 
1948 (8.I. No. 1769), which was made by the Minister 
of Fuel and Power and came into operation on 
Sunday, August 1, provides for the transfer of the 
property, rights and obligations and the remaining 


functions of this body to the Minister. It may be | Pe 


recalled that an Electricity Commission was estab- 
lished in 1920 under the Electricity (Supply) Act, 
1919, for ‘‘ promoting, regulating and supervising, 
the supply of electricity.” Provision was made in 
the same Act for the authorisation of schemes for 
the establishment of Joint Electricity Authorities, 
but these were not successful, owing to the lack of 
powers to implement them. It was not, in fact, 
until the Central Electricity Board was established 
under the Electricity (Supply) Act, 1926, that more 
effective control of generation and main transmission 
on & national basis was secured. The Act of 1919, 
however, also transferred to the Commissioners 
certain powers for sanctioning loans to electricity 


exercised by the Board of Trade, and gave them 
other controlling powers over the establishment of 
new and the extension of existing generating 
stations. Arrangements for bulk supply were also 
subject to their approval. In addition, they had 
powers to make regulations for securing the safety 
of the public, for ensuring a proper and sufficient 
supply of electrical energy, and for controlling the 
erection of overhead lines. Under the Act of 1926, 
they prepared schemes for submission to the Central 
Electricity Board and exercised certain quasi- 
judicial functions. At first they were regarded with 
both overt and concealed hostility in some quarters, 
and their lack of real power did not assist in improv- 
ing their position. That these initial difficulties 
were largely overcome in the 28 years of their exist- 
ence is not a little due to the persons forming the 
body. The first chairman was Sir John Snell, with 
Mr. (now Sir Archibald) Page, Mr. W. W. Lackie, 
Mr. H. Booth, and Sir Harry Hayward as members, 
while during the Commission’s existence Sir Leonard 
Pearce, Mr. T. P. Wilmshurst and Mr. G. C. Morley 
New have also served. On Sir John Snell’s retire- 
ment in 1938, Sir Cyril Hurcomb became chairman 
and was succeeded by Sir John Kennedy, who was 
already a member of the Commission, last year. 
The powers of the Commissioners will now be 
exercised by the Minister of Fuel and Power. 


RapDI0 COMMUNICATION FOR LONDON TRANSPORT. 

The announcement by the London Transport 
Executive that they are providing their engineering 
departments with apparatus for an extensive net- 
work of radio communication, recalls the develop- 
ments in the use of radio which were achieved by 
the Army during the war, not only for transmitting 
operational messages, but also for controlling road 
traffic, recovering tanks, and superintending the 
activities of workshops. In emergencies, when all 
other means of communication have failed or are 
too slow and uncertain, radio is invaluable in an 
army and is likely to prove so for the rather similar 
needs of London Transport. A wireless trans- 
mitting licence was granted by the Postmaster- 
General to the former L.P.T.B. about a year ago, 
and trials with radio equipment have shown that 
it can be very useful not only for installation and 
equipment testing, but also for breakdowns on 
railway lines. The main transmitting station will 
be at the Executive’s headquarters at 55, Broad- 
way, Westminster, S.W.1, and the aerial will be 
on the roof, because the allotted frequencies are 
only} suitable for operating over “optical” dis- 
tances, and the area of communication is con- 
siderably increased by a high transmitting aerial. 
The |main report centre, however, will be at Earl’s 
Court station, which will be connected to the main 
automatic transmitter at 55, Broadway, by land 
line. Messages in both directions between the 
report centre and the site of the breakdown will be 
relayed by a transmitter and receiver on a break- 
down lorry, the lorry being sited as close as possible 
to the breakdown, and the short distance between 
them being covered by a ‘ walkie-talkie” set, of 
which two will be carried on the lorry. The trans- 
mitter on the lorry, being necessarily less powerful 
than the main transmitter, will pass messages to 
any one of four static receiving stations which are 
being established in the London Transport railway 
area. These stations will be connected to the report 
centre at Earl’s Court by land line. The radio- 
communication system will be available to all 
departments concerned with breakdowns, namely, 
rmanent way, signals, chief mechanical engineer 
(railways), and operating. Portable receiving sets 
will also be provided for officers of the chief engi- 
neer’s department, who may be travelling in motor 
cars. 

Tue Controt or Non-InDusTRIAL PEak Loaps. 

It is often interesting and frequently informative 
to have the views of experts in other fields on 
engineering problems. A case in point is the 
comment of The Economist on the proposals of 
the Clow Committee that non-industrial consumers 
of electricity should be charged more in the winter 
and less in the summer months than at present. 
In their issue of August 7, our contemporary says 
that assuming the British Electricity Authority 








supply undertakings, which had been previously 





“‘agrees with the proposal, there will be two main 


problems for consideration. The first is the period 
of the year during which the higher tariff shall 
operate. The Clow Committee preferred a three- 
months period to a six-months period ; consumers, 
it thought, would be more likely to pay attention 
to the shorter period. But it has to be remembered 
that meters are not all read on one day; meter 
reading is continuous and it is quite impracticable 
to change the meter-reading method for this purpose. 
If, therefore, the aim is to achieve the maximum 
deterrent effect between December 1 and Feb- 
ruary 28, it would seem necessary to start with the 
group of meters which is read on January 15. 
Consumers in that group would pay the higher 
rate on all the current they used between October 15 
(their previous reading) and January 15. The 
operation would conclude with the meter readings 
on April 14 or 15, and would by then have covered 
all consumers; but the last group, like the first, 
would get a good deal more warm weather in their 
high-tariff period than the groups in between. 
Only one group out of 90 or so would pay the 
higher rate on the whole of the three months from 
December 1 to February 28.” “This suggests,” 
continues our contemporary, “that in deterring 
consumers from using current in the months when 
the peak demand is greatest, the Electricity 
Authority may also have to deter them from using 
current in months when the peak demand is not 
so great; and it is not to be supposed that this 
will be any more palatable to the electricity industry 
than it is to the consumer. A similar consideration 
applies to the crucial point of the whole scheme— 
the extent of the price differential to be established 
between the winter tariff and the tariff for the 
rest of the year. A winter tariff so high as to be 
really deterrent may produce economy first in 
off-peak hours and only secondarily at the peak 
periods themselves. On the other hand, a slight 
differential can hardly have any useful effect at all.” 
With all this we are in hearty agreement, and can 
only add that the true solution of the problem is 
to press on with the provision of more generating 
plant. 


STANDARDISATION OF FaRM AND HORTICULTURAL 
BuILpINGs. 


The British Standards Institution have formed 
a committee under the chairmanship of Mr. P. J. 
Moss for the purpose of considering the application 
of standardisation to the materials, components and 
equipment employed in the construction of farm 
and horticultural buildings. The Ministry of Agri- 
culture and Fisheries, the Departments of Agri- 
culture for Scotland and Northern Ireland, the 
National Farmers’ Union, the National Farmers’ 
Union of Scotland, the Land Agents Society, the 
National Union of Agricultural Workers, the Agri- 
cultural Section of the Transport and General 
Workers’ Union, and a large number of professional 
institutions and manufacturing organisations are 
co-operating with the British Standards Institution 
in the work of the committee. It is interesting to 
note that the committee have already commenced 
work on the preparation of standard specifications 
for structural components for general farm buildings. 
These will follow the lines of the standard farm- 
building components introduced by the Ministry ef 
Agriculture. British Standard specifications are 
also to be prepared for Dutch lights and their 
supports and fastenings, and also for farm gates. 
The new committee, it is pointed out, is additional 
to the two existing committees which the British 
Standards Institution have already working on agri- 
cultural problems, namely, the Agricultural Imple- 
ments and Machinery Committee and the Dairying 
Committee. The new committee, it is announced, 
will be pleased to consider any suggestions for the 
standardisation of components, materials and equip- 
ment applicable to farming and horticulture, which 
will contribute to increased production and efficiency 





CouRSE OF INSTRUCTION IN TIMBER.—We are informed 
by Dr. H. E. Desch, F.R.I.C.S., of Wildshaw, Limpsfield, 
Surrey, that he is proposing to hold a one-week first-year 
course in timber at Limpsfield from September 6 to 11, 
next. Full particulars can be obtained from the address 





given above. 
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LETTERS TO THE EDITOR. 


FLOW THROUGH STANDARD 
NOZZLES, ORIFICE PLATES AND 
VENTURI TUBES. 

To THE Eprror oF ENGINEERING. 

Siz,—Mr. J. R. Finniecome states in his letter 
published in your issue of July 23, on page 87, in 
reply to Mr. Neil H. Turner’s letter, that the B.S. 
Code, B.S. 1042, 1945, on “‘ Flow Measurement,” 
is an English version of the German Standard 
DIN 1952. 

In preparing the British Code we have taken for 
a pattern the German Code which, in fact, has also 
been done by the French, as well as by I.S.A. The 
British Code is different in many ways from DIN, 
as special consideration has been given to flow 
coefficients for tappings D/}D as well as the use of 
Venturis. Further, the use of C in place of « was 
adopted. C was introduced by Hodgens. The 
values for the flow coefficients were obtained from 
actual test results by the various makers for flow 
instruments in this country, representatives of 
which have given their loyal support to the Com- 
mittee, and these values have certainly not been 
taken over from DIN 1952. 

I have looked through Mr. Finniecome’s booklet 
on Flow Measurement and congratulate him on a 
very fine and interesting piece of work. Some of 
the charts in his booklet will be of the greatest help 
for practical flow measurement. 

I hope that the above has cleared the air and 
we may consider the matter closed. 

Yours faithfully, 
James W. REBER, 
Chairman of the B.S. Committee on 
Flow Measurement. 
91, Holmwood-road, 
Cheam, Surrey. 
August 6, 1948 





SOME LESSER-KNOWN TRACTION 
ENGINES. 
To THE EprTor OF ENGINEERING. 

Sm,—I would like to thank those correspondents 
who have written to you on the above subject, and 
also those who have written to me privately giving 
data and information additional to that contained 
in my article. It is very gratifying to know there 
is such interest in a type of machine now fast 

In reply to Mr. R. Abbott, I would say that, 
although the Mann valve gear reverses on the 
principle of the Dodge motion, it was described as 
“* Joy” gear in one of their catalogues. It is also 
illustrated in the Royal Agricultural Society’s 
Journal of the period. I think that, possibly, Mr. 
Abbott has missed the point of the title of my 
article, which claimed only to cover “‘ some ” of the 
lesser-known traction engines. My intention was 
to describe and illustrate those lesser-known makes 
which the enthusiast is likely to meet in his search- 
ings and inquiries about the countryside. I am 
aware of the Brown and May engine of 1864, and 
those by the Durham and North Yorkshire Steam 
Cultivating Company,Tuxford, of Boston, and several 
others not mentioned by Mr. Abbott; but, as I am 
certain that no engines of these makes now remain, 
I omitted them. My idea was to include those that 
one may reasonably expect to find; for example, 
those by Collings and Fyson were included, as I know 
that engines by these makers still exist. 

With regard to Tuxfords, of Boston; in some 
recent correspondence in the local Boston paper, 
it was elicited that they closed down some time 
after 1880; but what happened to their drawings 
and engine books no one now seems to know. 
Can any reader of ENcrnEERING help? In con- 
clusion, I may say that I am not unfamiliar with 
Tuxford products, as I own a 1} n.h.p. Tuxford 
portable engine, No. 1283, built some time after 
1880, which I use regularly. 

Yours faithfully, 
50, Mount Pleasant, Ronatp H. Cuarx. 
Norwich. 
August 10, 1948. 





OBITUARY. 


MR. S. G. BROWN, F.R.S. 


WE regret to record the death of Mr. 8. G. Brown, 
F.R.S., which occurred after a long illness at 
Brownlands, Sidmouth, Devonshire, on Saturday, 
August 7, at the age of 75. He was well known 
as an inventor of a great deal of useful apparatus 
for both wire and radio telegraphy and telephony, 
and as the designer of a gyroscopic compass and 
other equipment, which were widely used in both 
marine and aerial navigation. 

Sidney George Brown was born in Chicago of Eng- 
lish parents on July 6, 1873, and was educated at The 
College, Harrogate, and University College, London. 
He then became a pupil at the works of Messrs. 
Crompton and Company, Limited, Chelmsford, 
where he invented an improved method of commuta- 
tion for dynamos, details of which were published 
in the Journal of the Institution of Electrical 
Engineers. He, however, soon took up the study of 
weak-current electrical engineering, to which the 
greater part of his subsequent life was devoted, and, 
his attention having been drawn to the need for a 
long-distance cable relay, started work on this 
problem in conjunction with Mr. H. Taylor,of Messrs. 
Clarke, Forde and Taylor. The first instrument of 
this kind, that he invented proved too sensitive, 
but in 1898 he patented his well-known cable relay. 
About the same time, too, he invented a magnetic 
shunt for correcting the attenuation of received 
telegraphic signals and, although the operation of 
this instrument tended to be upset by the presence 
of earth currents, he soon succeeded in overcoming 
this defect by devising a system of “local correc- 
tion.” These instruments were successfully em- 
ployed on the cables of the Eastern Telegraph Com- 
pany and enabled the speed of working to be 
increased by about 30 per cent. 

Brown was also responsible for many improve- 
ments in telephony, including a relay which greatly 
increased the efficiency of communication over long 
distances, a sensitive telephone transmitter and 
an electrical stethoscope. Simultaneously he had 
turned his attention to the radio field and, in con- 
junction with Sir Henry Hozier, then secretary of 
Lloyds, had made experiments with what would 
now be called directional wireless telegraphy. Using 
a parabolic wire reflector he succeeded in transmit- 
ting signals between the coastguard station and 
the old lighthouse on Beachy Head and subse- 
quently over longer distances with the aid of larger 
reflectors. He also invented what was claimed to 
be the first practical loud speaker, as well as a 
system of radio communication between aircraft and 
the ground, which was in use by the then Royal 
Flying Corps as long ago as 1915. 

In 1914, realising that it was desirable that there 
should be a purely British source of gyroscopic com- 
passes, he turned his attention to this problem and, 
in spite of considerable initial difficulties, was able 
two years later to submit two models to the Admir- 
alty for test. To correct the errors which were then 
inherent in this type of equipment he also invented 
a system of liquid ballistic control. Although tried 
in one or two naval vessels the Brown compass was 
not adopted by the Admiralty during the war. 
Later on, however, it was used both in the 
Navy and the mercantile marine, while its merits 
were recognised by the extension of the patent 
covering it by the unusually long period of ten years. 
An earlier patent for a frictionless bearing was also 
extended for a similar period. 

In 1918, Brown was made a member of a research 
committee, which was engaged in attempting to 
discover a means of detecting submarines at a dis- 
tance, and in the following year was appointed 
a member of the Inventions Board and of the 
Admiralty Ordnance Council. He later served on 
the Royal Commission on Awards to Inventors. 
His many other inventions included an adaptation 
of his gyroscope to gunnery control and aircraft, 
an artificial horizon, an aeroplane speed indicator, 
liquid microphone sound devices, an electro-mega- 
phone for sea, land and air use, anda magnetic com- 
pass for aircraft. 

He was elected a Fellow of the Royal Society in 





1916 and an associate member of the Institution of 
Electrical Engineers in 1897, being transferred to the 
class of members in 1905. He was twice awarded 
the Fahie premium for papers read before that body, 
He was also a Fellow of the Physical Society and 
of University College, London. He was founder, 
and later chairman, of the Telegraph Condenser 
Company and was also for many years proprietor of 
the firm of Messrs. 8. G. Brown, Limited. His wife, 
who was a niece of the late Professor John Perry, 
was actively associated with him on the business side 
of the latter organisation. He contributed a 
number of papers to the Royal Society, the Institu- 
tion of Electrical Engineers, the Physical Society 
and the British Association, and claimed to have 
taken out over 1,000 patents. 


MR. J. R. COWIE. 


WE also regret to record the death of Mr. J. R. 
Cowie, which occurred at Croydon, Surrey, on 
Thursday, August 5, at the age of 66. 

John Robert Cowie was born in Scotland on 
March 15, 1882, and was educated privately in 
South Africa and at George Watson’s College, Edin- 
burgh. He received his technical training at the 
Heriot Watt College, Edinburgh, and the Glasgow 
Technical College, and then held an appointment as 
engineer-in-charge at the Dalmuir shipyard of 
Messrs. William Beardmore and Company, Limited. 
In 1907, he joined the Electricity Department of the 
Glasgow Corporation and served with this organisa- 
tion for the next 13 years, being successively sub- 
station attendant, assistant substation super- 
intendent and substation superintendent. In 1920, 
he joined the staff of Messrs. Reyrolle and Company, 
Limited, Hebburn-on-Tyne, as mal assistant to 
the late Mr. H. W. Clothier, who at that time was 
actively developing the armourclad switchgear 
which has since received extensive application. An 
Office was established in London, of which Cowie was 
placed in charge.and he became responsible for numer- 
ous installations of this class of equipment in the 
south of England. He was still actively engaged on 
this work at the time of his death. 

Mr. Cowie was elected an associate member of 
the Institution of Electrical Engineers in 1919 and 
had served on the Council, as well as on the com- 
mittees of the Installations Section and the Bene- 
volent Fund. He was elected an associate 
member of the Institution of Mechanical Engineers 
in 1910 ; and had served as president of the Associa- 
tion of Mining and Mechanical Engineers. In 
February of this year he became chairman of the 
Council of the British Electrical and Allied Industries 
Research Association. 





KENWARD RESEARCH FELLOWSHIP.—The trustees of 
the Kenward Trust, established in memory of the late 
Sir Harold Kenward, announce that the Kenward 
Research Fellowship in Industrial Administration has 
now been established at St. Catherine’s College, Cam- 
bridge, and that the first holder, Mr. F. W. Mulley, has 
been appointed to commence work in October next. 





HENRY SPURRIER MEMORIAL SCHOLARSHIPS AND 
GRaNTS.—The Council of the Institute of Transport 
have awarded Henry Spurrier Memorial Scholarsbips for 
1948-49 to Mr. D. J. Wilkinson, of the Middlesbrough 
Transport Engineering Company, Limited, and to Mr. 
R. B. Hounsfield, B.A. (Cantab.), A.M.I.C.E., A.M.L.E.E., 
of University College, London. In addition, six Henry 
Spurrier Memorial Grants have been awarded to assist 
part-time students. 





CHLORINATION OF WATER.—An interesting review of 
chlorination, particularly of recent developments in the 
treatment of domestic-water supplies, is contained in 
Modern Chlorination Practice, an illustrated booklet 
published by Messrs. Wallace and Tiernan, Limited, 
Power-road, London, W.4. Chlorine is now being 
used not only for sterilising, but also as an aid in coagu- 
lation, for the improvement of the colour of water, 
for the elimination of objectionable taste and odour, 
and for the prevention of various growtbs in storage 
reservoirs, purification works and distribution systems. 
It is stated that the “‘ break-point’”’ process, which is 
defined as the application of chlorine to water containing 
ammonia to produce free residual chlorination, will 
probably become the recognised system for the treatment 
of swimming-bath water. 
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THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 
(Continued from page 137.) 

WE continue below our report of the Second 
International Conference on Soil Mechanics, held in 
Rotterdam from June 22 to 29, by summarising the 
general report on Section V, dealing with earth 
pressure, and the stability and displacements of 
retaining structures. This section, like Section IV, 
which we reviewed in last week’s issue, was reported 
upon by Professor A. E. Bretting (Denmark). 


EarTH PRESSURE ON RETAINING WALLS. 


Professor Bretting considered first the problems 
associated with earth pressure against retaining 
walls and drew particular attention to the laboratory 
experimental work carried out at Princeton Univer- 
sity, in the United States, and reported in papers 
by Mr. Harris Epstein, Professor G. P. Tschebotarioff 
and Mr. P. P. Brown, and Professor Tschebotarioff 
and Mr. J. D. Welch. The last-mentioned paper 
was a continuation of that by Tschebotarioff and 
Brown, and all three were concerned with pressures 
against flexible walls. Mr. Epstein, in his paper 
on “* Reduction of Lateral Cohesive Soil Pressure on 
Quay Walls by Use of Sand Dykes,” investigated 
the use of a borrowed sand-fill behind sheet piling, 
where the available fill material on the site was of a 
poor cohesive nature and not consolidated. It was 
considered that the horizontal pressure from the 
hydraulically-placed clay-fill behind the dike was 
reduced as a result of the drainage provided by the 
dike, and the friction and shearing resistance of the 
sand; therefore, a lighter section of sheet piling 
could be used. Mr. Epstein’s tests showed that the 
reduction in horizontal pressure from a fluid back-fill 
with superimposed surcharge could be as great as 
70 per cent. A rectangular section for the dike 
would use the least borrowed material, but was 
expensive; for this reason, a triangular section 
should be used wherever possible. 

The paper by Professor Tschebotarioff and Mr. 
Brown discussed ‘‘ Lateral Earth Pressure as a 
Problem of Deformation or of Rupture,” and that of 
Professor Tschebotarioff and Mr. Welch extended 
the survey by investigating the “‘ Effect of Boundary 
Conditions on Lateral Earth Pressures.” These 
papers described model tests on flexible anchored 
bulkheads, to scales of one fifth and one eighth full 
size, using submerged sands, clays and mixtures of 
sand and clay. The clays were placed in a completely 
fluid condition and measurements were continued 
through all stages of consolidation. The effects of 
movements of the support were studied and the 
results of various types of laboratory shear tests 
and of conventional methods of lateral-pressure 
computation were compared with experimental 
values. The authors showed a distribution of 
pressure differing considerably from that generally 
accepted and their conclusion that no arching occurs 
with flexible bulkheads drew some rather critical 
comment from Professor Bretting, who observed 
that insufficient experimental data had been given 
in the papers to justify the conclusions drawn. He 
remarked also that these two papers omitted to 
discuss the stress allowed in the flexible wall, and 
the factor of safety in general. If the stresses in the 
steel wall were taken at the values usually allowed 
for steel, there would be a factor of safety in the 
steel of about 2; but he suggested that greater 
deformation of the wall, after passing the yield 
point, might cause a considerable redistribution of 
the earth pressure, so that stability would be 
obtained, with a satisfactory overall factor of safety, 
even though the stresses under ordinary loading 
seemed to be too near to the yield point. Experi- 
ence with structures designed according to the 
Danish regulations, he said, appeared to support 
this view. Mr. J. B. Hansen (Denmark) also 
criticised the method the authors had used to obtain 
their pressure-distribution curves by differentiating 
the moments curve twice and applying a graphical 
correction. This, Mr. Hansen declared, could give 
only an approximate idea of the distribution. Pro- 
fessor Tschebotarioff, in reply, agreed to supply all 
the missing experimental data for publication in 
the final volume of the Proceedings. 








Summing up this section at the end of the discus- 
sion, Professor Terzaghi remarked that earth pres- 
sures were still an uncertain quantity. The tests 
on flexible bulkheads, described in the papers, had 
been made on only a few soil types and under 
laboratory conditions, whereas full-scale tests were 
really required on all soils under field conditions. 


EartTaH PRESSURE ON STRUCTURES BELOW 
GROUND. 


Mr. O. K. Peck and Professor Ralph B. Peck 
(United States), in their paper on “‘ Experience with 
Flexible Culverts through Railroad Embankments,” 
reported measurements on some 30 elastic steel 
culverts, ranging in diameter from 7-5 ft. to 15 ft., 
on the Denver and Rio Grande Western Railroad, 
where they had been under observation for about 
20 years. The thickness of the steel varied from 
about 0-17 in. to 0-28 in., and the pipes had corru- 
gations spaced at 6-in. intervals and having a depth 
of 14 in. The pipes were therefore relatively 
flexible. The experience gained from these culverts 
showed that, when carefully installed and properly 
back-filled, they represented safe and economical 
structures, requiring less maintenance than rigid 
culverts of the same size. Their initial cost was 
much less than that of other types providing com- 
parable drainage openings, chiefly on account of 
the ease of installation ; but, since flexible culverts 
possessed little inherent strength, it was essential 
that back-filling operations should be carefully 
supervised and controlled. 

Dr. F. K. van Iterson (Netherlands), in a paper 
on ‘Earth Pressure in Mining,” stated that the 
usual theories of earth pressure and soil mechanics 
were applicable in deep mining. The physical 
explanation of this similarity, he said, was unex- 
pected and peculiar. The theory of elasticity, in 
mining, revealed stresses round and adjacent to 
underground workings which were far in excess of 
the crushing resistance of the rock. The soil 
expanded into the hollow spaces and was broken 
up to form a mass of loose material which was kept 
in a state of equilibrium by internal friction. 
Instead of having to provide against the pressure 
due to the total depth of the workings, however, 
the miner had to deal only with the active pressure 
exerted on his supports after some of the material 
had been withdrawn; mathematical computation 
indicated that the passive earth-pressure should be 
immense, but in fact the active earth-pressure was 
quite supportable. 


GROUNDWATER PROBLEMS. 


Thirteen papers were submitted for consideration 
in Section X—‘‘ Groundwater Problems ”—for 
which also Professor A. E. Bretting prepared the 
general report, and these were grouped under the 
two sub-headings of ‘‘ General Groundwater Investi- 
gations,” containing nine papers, and “ Seepage 
Problems of Dams and Levees,” consisting of the 
remaining four papers. Under the first of the 
above sub-headings, a paper on “‘ Groundwater 
Lowering by Means of Filter Wells,” contributed 
by Mr. R. Glossop and Mr. V. H. Collingridge 
(Great Britain), provided some useful practical 
information obtained from 12 sites where the “ well- 
point ” system was used and showed that there was 
good agreement with Sichardt’s theoretical formula 
for critical hydraulic gradient. They emphasised, 
however, that there was still a need to check 
theories further against practice, to sort out the 
non-essential factors, and to establish the formule 
necessary to plan installations with sufficient 
accuracy to ensure their success. The range of 
influence of a group of wells was still the most 
difficult quantity to assess in water-lowering calcu- 
lations; in one case, where pumping was con- 
tinued for many months, the level of water 
was lowered in a market gardener’s well, 1,000 ft, 
from the site and on the opposite side of a canal, 

Mr. H. Cambefort (France), in his paper on “‘ Filter 
Wells and Dupuit’s Formula,” reported experiments 
with groundwater lowering to study the steadiness 
of flow and, especially, to find the critical output of 
the well. The piezometric heights were measured 
electrically and could be found accurately within 
2 mm., and the authors drew the conclusion that 
Dupuit’s formula was generally suitable for the 





computation of filter wells. This paper (and, in 
fact, all those by French authors) was published 
only in brief abstract form in the Proceedings, the 
complete texts being published in French in the 
issue of Travaux for June, 1948. In a second 
paper by Mr. Cambefort—“ Flow of Fluids through 
Powdery Media ”—a series of permeability tests on 
five different soils was reported. He found, as usual, 
that Darcy’s Law had an upper limit, when turbu- 
lence occurred, but also a lower limit which, though 
of no practical importance, had considerable theoreti- 
cal interest. It was found that the coefficient of 
permeability decreased considerably for very small 
velocities, a fact recorded previously by Zunker. 
As no explanation had been given of this fact, 
Professor Bretting suggested that the grains were 
covered with a thin sheet of hygroscopic water 
which was bound tightly to the grains near the 
surface, but more loosely in the outer part of the 
sheet. With low velocities, the free volume of voids 
was considerably restricted by the molecules bound 
to the grains, but, with greater velocities, the outer 
grains were loosened, and thus the free path of 
the stream was increased. This theory was sup- 
ported by the finding of Zunker that, when the 
grains were cleaned with chemicals and the 
adsorbed hygroscopic water was removed, the 
permeability was constant down to zero velocity. 
Mr. Shih Te Yang (United States) contributed a 
paper “On the Permeability of Homogeneous 
Anisotropic Soils,’’ in which he gave a theoretical 
discussion on the coefficient of permeability as a 
function of the direction of flow. He showed that, 
as a consequence of Darcy’s Law, the variation 
with respect to direction of the coefficients of perme- 
ability, normal and tangential to an equipotential 
line, could be represented by a circle similar to 
Mohr’s circle of stress. Mr. E. C. Childs (Great 
Britain), in the discussion, gave an example of a 
simple dike subjected to different amounts of rain- 
fall. In this case, the flow nets were derived by 
electrical analogy, and Mr. Childs showed how the 
free surface was determined, considering first the 
two-dimensional and then the three-dimensional 
case. 
SEEPAGE PROBLEMS OF Dams AND LEVEES. 

Not unexpectedly, three of the four papers pre- 
sented in the sub-section on “‘ Seepage Problems of 
Dams and Levees” emanated from the United 
States, the exception being that of Professor Z. 
Bazant, jun. (Czechoslovakia), who discussed “‘ The 
Critical Head for the Expansion of Sand on the 
Downstream Side of Weirs.” His paper described 
the results of a series of tests with models, carried 
out in the laboratory of the University of Technical 
Sciences at Prague, concerned with the expan- 
sion of sand which is known to precede the effect 
known as “ piping.” The expansion was found to 
take place at a critical head having a significance 
similar to the elastic limit in the strength of 
materials. In practical design, a factor of safety 
must be taken in relation to this head. It was 
found that the head at which piping was observed 
was from 1 to 2-5 times that at which expansion 
occurred. Mr. R. A. Barron (United States), in his 
paper on “The Effect of a Slightly Pervious Top 
Blanket on the Performance of Relief Wells,” pre- 
sented an approximate method for determining the 
effect of such a blanket on relief wells sunk in an 
underlying pervious water-bearing deposit. An 
example was given, showing the variation of seepage 
discharge for wells variously spaced, with both 
slightly pervious and completely impervious top 
blankets. Mr. H. Cedergren, in a paper on the 
“Use of Flow-Nets in Earth Dam and Levee 
Design,” gave a general review of the flow-net 
method and explained how it could be used in the 
design of earth dams by showing the relative advan- 
tages of different design features. He used Casa- 
grande’s sketching method, published in 1937, and 
his paper provided a useful corollary to this method. 
In this connection, Professor Bretting drew atten- 
tion to a recently published work by Erling Reinius, 


entitled On the Stability of the Upstream Slope of 
Earth Dams, published earlier this year in Stock- 
holm. The final paper reviewed in this section was 
by Mr. C. I. Mansur and Mr. W. R. Perret (United 
States) and dealt with the “Efficacy of Partial 
Cut-Offs for Controlling Under-seepage beneath 
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Dams and Levees Constructed on Pervious Founda- 
tions.” The control or prevention of seepage was 
required, they stated, wherever dams, levees or 
other hydraulic structures were underlain by per- 
vious strata of sands and gravels at or near the 
surface. One method of control was by the intro- 
duction of an impervious cut-off from the base of 
the structure down to a less pervious stratum ; but, 
in many. cases, the impervious strata were of such 
depth that it was impracticable, or would be ex- 
tremely expensive, to extend the cut-off to an 
impervious stratum. Their paper presented a study 
of partial cut-offs. Theoretical solutions were pos- 
sible in only a few cases ; graphical flow nets were 
used in other instances ; and sand-model tests were 
made for homogeneous foundations and electrical 
analogy models for cases with two different strata. 
Notably good correlation was obtained between the 
different methods. The conclusions drawn were 
that partial cut-offs with penetrations less than 
98 per cent. had relatively little effect, and penetra- 
tions of less than 25 per cent. gave practically no 
effect. The longer the path of seepage flow, the less 
effective were partial cut-offs, and, correspondingly, 
the less pervious the land-side top stratum, the less 
effective were partial cut-offs. 

The consideration of this general report on 
Section X concluded the business at the morning 
session on Wednesday, June 23. 


(To be continued.) 





THE THIRD CONGRESS ON 
LARGE DAMS. 
(Continued from page 126.) 

NINETEEN papers were submitted to the Third 
Congress on Large Dams, held in Sweden from 
June 10 to 17, on “ Question No. 9,” namely, 
** Research Methods and Instruments for Measuring 
Stresses and Deformation ih Earth and Concrete 
Dams,” and we give below a summary of the 
general report upon them, prepared by Mr. Marcel 
Mary, Regional Director of Electrical Power Equip- 
ment (France). Mr. Mary divided his survey into 
two main parts, the first dealing with “‘ Measuring 
Methods and Apparatus,” and the second with 
“Some Typical Results.” In a brief third section 
he assembled some miscellaneous data, abstracted 
from various papers. 


Tue Gropetic Mernop. 


Methods using the technique of triangulation and 
surveying were critically examined in some detail 
by Senhor Orlando Rodrigues (Portugal), Mr. Jean 
Laurent (France), as well as Mr. George Drouhin, 
Mr. Charles Mallet and Mr. Marcel Gautier (Algeria). 
Furthermore, Mr. S. T. Farnsworth (Australia), 
Mr. André Nizery (France) and Mr. Karel Lossmann 
(Czechoslovakia) described the application of these 
methods to the measurement of deformations in 
various works. The following notes were collated 
from these reports. 

An extended system of check points should be 
set up at a sufficiently great distance to eliminate 
the influence of the deformation of the soil due to 
the thrust of the dam, the pressure of the water 
in the reservoir, and the swelling of the soil due 
to permeation by water. In the case of the Santa 
Luzia Dam, this system covered an area of 600 m. 
by 500 m.; of the Ermal Dam, 240 m. by 240 m.; 
the Beni-Bahdel Dam, 800 m. by 450 m.; and the 
Sautet Dam, 240 m. by 100 m. In the last case, 
the width of 100 m. was insufficient to furnish 
fixed points, since it disclosed an approach to each 
other of the sides of the valley, due to swelling of 
the surrounding rock. 

The triangulation network ties together the 
stations of the theodolites by which the reference 
points on the work are observed. These stations 
must be perfectly steady and founded on firm 
ground; it is recommended that they should be 
protected from the weather by screening walls and 
a shelter tent or, preferably, a permanent shelter. 
The centring of the theodolites should be made 
with particular care. At Santa Luzia a plate was 
used having three grooves, spaced at 120 deg., 
into which the setting screws fitted in such man- 


ner that successive readings could be taken within 
the same quadrant of the graduated circle or 
in the next quadrant; between measurements, 
the centring plate was protected by a screw cover. 
It is always advisable to align the points by the 
method of least squares. The problem of centring 
error remains, however, very difficult from the 
scientific aspect. Mr. Jean Laurent suggested as 
the optimum spacing of the reference marks, 100 m. 
to 200 m., or up to 300 m., but not less than 30 m. 

In Portugal, reference marks of the I< type, 
as well as Lang’s concentric circles, are used, Senhor 
Rodrigues appearing to favour the latter form. 
On the Beni-Bahdel dam, red spots on a white 
patch were used for plane measurements and 
enamelled plates, with black divisions on a white 
ground, were used for levelling. Mr. Laurent 
advocated a circle of 3 mm. to 4 mm. in diameter, 
dead white on a dead black ground. Especial 
attention should be paid to refraction errors. 
Lateral refraction being due to the variable density 
of the air as a result of temperature changes, 
measurements should be taken under comparably 
similar atmospheric conditions. Senhor Rodrigues 
said that the greatest horizontal deflection took 
place when the light ray passed close to a slope. 
Mr. Laurent stated that lines of sight passing over 
water were less affected by refraction than those 
passing over solid ground. Senhor Rodrigues pro- 
posed measurements at night with a searchlight or 
spotlight on the top of the shelter (measuring on 
two different nights for each station). Messrs. 
Drouhin, Mallet and Gautier thought that measure- 
ments between 8 a.m. and 6 p.m. should be 
prohibited. 

Triangles or segments of error attained values 
up to 1-4 mm. in measurements made in Portugal, 
their distortion within these limits agreeing with 
measurements by bearing lines. Mr. Lossmann said 
that an accuracy of +0-5 mm. was attained on 
the Vranov dam. At Beni-Bahdel, an accuracy 
within 1 mm. was attained. It should be possible, 
Mr. Mary considered, to improve considerably on 
these values. ‘ 

PENDULUM MEASUREMENTS. 


Mr. Laurent recalled the principle of the Terzaghi 
pendulum—a rigid pendulum, 4 m. in length, the 
displacements of which were measured by a com- 
parator standing on a plate or slab forming part of 
the dam. The degree of accuracy was of the order 
of 0-01 mm. Mr. Nizery reported the use on the 
dams at Sautet and Sarans of four pendulums of 
the Juilliard type, 40 m. to 50 m. long, and also 
described a recording device designed for the 
Guerlédan Dam. The pendulum consisted of a 
mass of cast iron weighing 136 kg., in the form of a 
cylinder with conical ends, finished true after 
casting and suspended on a 30/10 gauge wire of 
silica bronze. An adjustable screw spindle, arranged 
axially, controlled a magnifying system rotating on 
a horizontal axis (magnifieation five times). The 
arrangement was protected by a brass hood and 
placed in a glazed wooden cubicle protecting it 
from the wind; two continually-burning electric- 
light bulbs protected it from atmospheric humidity. 
A detailed analysis of all causes of error showed 
the overall accuracy to be within 0-25 mm. 

Mr. Lossmann described the pendulums used on 
the dams at Vranov and Kninicky. On the former 
dam, the plumb line, an Invar wire 33 m. long, was 
damped by a special device hanging in an oil vessel. 
The trace of the wire was projected optically on 
scales at different heights, the readings being taken 
to the edge of the shadow (mean of two scales). 
The accuracy was within 0-1 mm. An improve- 
ment, introduced by Professor A. Semerad, com- 
prised a circular silver plate at the base of the 
pendulum, provided with a central pointer immersed, 
in oil. At the bottom of the reservoir, the move- 
ments of the indicator were recorded by means of a 
plane-parallel glass plate and a photographic 
camera. The accuracy was within 0-02 mm. At 
Kninicky, where a pendulum with optical projection 
of the suspension wire was also used, difficulties 
due to the war prevented the acquisition of a 
Semerad apparatus. Mr. Lossmann constructed a 
mechanical amplifier by means of which the deflec- 





tions could be read on a circular scale with a magnifi- 
cation of 10, and the result was very satisfactory. 





Mr. Otto Frey-Bar reported that, on the Lucendro 
Dam, two pendulums were installed, the indications 
being magnified in two directions by means of g 
co-ordinate-meter, an amplifying device designed 
by Dr. Huggenberger, of Ziirich, which had a side. 
pressure of only a few grammes. Setting devices 
at five different levels enabled the deflections at 
these levels to be read by means of the co-ordinate. 
meter, arranged at the base of the pendulum. 


InvaR WIRE. 


Hamed Bey Suleiman and Leliavsky Bey (Egypt) 
used Invar wire directly for measuring the sag of 
the coping of the chamber wall of the lock in the 
Aswin Dam, the abutment consisting of a gravity 
dam, 28 m. in height. The wires, crossing the 
width of the lock and attached to blocks placed on 
the embankment, had a length of 24 m., a second 
series of blocks placed 24 m. farther out, enabling 
the fixed positions of the former blocks to be 
verified. The accuracy was within 0-1 mm. Mr. 
Laurent reported on deflection measurements made 
with the help of Invar wire on the coping and the 
toe of the Ban-de-Champagney Dam. The wires, 
stretched usually from the downstream facing of 
the dam in the same direction, were about 100 m. 
in length. A sheave and counterweight converted 
the horizontal deflection into a vertical movement, 
which was measured with a micrometer and 
recorded. Mr. Laurent described the difficulties 
arising from the effects of wind, rain and ice, 
requiring the wire to be enclosed in an impermeable 
sheath and the application of a temperature correc- 
tion. A recording apparatus drew a curve of the 
temperature inside the sheath, and another pen 
recorded the deflection, at the end of each wire. 
The value of the stress on the wire, the frictional 
forces in the gearing, etc., required special attention. 


MEASUREMENTS OF THE SEPARATION OF JOINTS. 


Mr. Nizery described the arrangement used on 
the Guerlédan Dam for measuring the relative 
motion of two adjacent studs. German-silver 
cranked rods of square cross-section were used to 
measure the opening or gap of a joint on a gauge 
plate, as well as the relative displacements of two 
studs vertically and laterally, with measuring 
bases between 60 and 100 mm. in length. He also 
described the device used on the Sarrans Dam, 
consisting of two Invar studs screwed into an iron 
plate set in the concrete. The gap was measured, 
within about 0-01 mm. accuracy, on an Invar scale 
with a micrometer screw at one end. Two other 
studs, placed on either side, enabled the changes 
in length of the concrete to be measured with base 
lines of about 1-5 m. length; thus the gap of the 
joint could be compared with that resulting from 
local expansion of the concrete at the points where 
the reference marks were placed. Mr. Lossmann de- 
scribed the appliances on the Vranov and Kninicky 
Dams. Hooks of stainless steel, cut after concreting, 
allowed measurements to be made of the separation, 
and the vertical and lateral movement of a joint, 
with an error not exceeding 0-05 mm. Relative 
horizontal displacements were measured by the 
change in length of the sides of a horizontal triangle, 
of which two sides are intersected by the joint. 
The Mahr extensometer was accurate within 0-04 
mm. Mr. Farnsworth reported on measurements 
of the separation of joints by means of an apparatus 
with a micrometer screw, on the Nepean Dam. 


Strain GavGEs. 


The methods described above, Mr. Mary continued, 
enabled the total deformations of the work to be 
measured, Strain gauges or extensometers enabled 
the linear deformations of the material to be mea- 
sured on a base of reduced length; and from these 
measurements, representing the combined effects 
of shrinkage, temperature changes, elastic and plastic 
deformation due to applied loads, the value of the 
local stresses could be deduced. The report by 
Mr. Jerome M. Raphael (United States) contained 
interesting information on the methods of inter- 
preting such measurements; in particular, the 
method standardised by the Bureau of Reclamation 
for stress measurements in the lower part of a cross- 
section of the Grand Coulee Dam. Groups of strain 
gauges were arranged at four measuring points, each 
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group comprising, in the plane of the section, two 
horizontal gauges, two vertical gauges, and two 
gauges at 45 deg. in both directions ; and, normal 
to this plane, a further pair of gauges. Thus, all 
gauges were doubled to ensure greatest possible 
reliability of the measurements, The results were 
evaluated by two methods, one using only measure- 
ments made on the dam and the other combining 
with these the results of measurements made in the 
laboratory on test cylinders of concrete. The results 
obtained by the two methods were qualitatively in 
agreement and led to identical conclusions in regard 
to the past and future behaviour of the dam struc- 
ture. Shrinkage due to drying was assumed to be 
negligible. Deformation due to temperature was 
calculated from,measurements of the coefficient of 
expansion in the laboratory and on the structure. 

Changes of volume in concrete, due to changes in 
the crystalline constituents of the cement during 
hydration, depend on the type of cement, and, for 
the same type, on its origin. Tests on concrete 
cylinders indicated the possibility of either positive 
(swelling) or negative (shrinkage) changes, expansion 
being of the order of 110 x 10-® at Norris Dam, for 
cement aged six years* ; 40 x 10-* for cement aged 
one year; and 65 x 10-* after six years at Grand 
Coulee. A shrinkage of 170 x 10-* was noted after 
12 years at Friant Dam. The change in volume is 
the sum of linear variations along three orthogonal 
axes. The arrangement used at Grand Coulee 
allowed of two separate evaluations : one from the 
readings of the vertical gauge, the horizontal gauge, 
and the gauge normal to the plane of the section, 
and the other from the two gauges at 45 deg. and 
the gauge normal to the plane. The results were 
then correlated. Deducting deformations due to 
temperature and swelling of the concrete, the re- 
mainder was the deformation due to the applied load. 

In one method, a real coefficient of elasticity was 
calculated at Grand Coulee by dividing the mean 
vertical load on the base of the measured section 
by the mean vertical deformation of this base ; 
the resulting figure included the flow of the material 
considered as a retarded elastic phenomenon and 
it was assumed that this coefficient of the relation- 
ship between load and deformation was identical 
for all parts of the dam. A second method more 
closely examined the material flow, still assuming 
that the flow was proportional to the stress, that it 
was elastic, and that it followed the laws of super- 
position. These assumptions, although inexact, 
were relatively correct for sufficiently small loads. 
It had to be borne in mind that the flow curve 
would vary with the age of the concrete, and that 
the recovery obtained by removal of the load was 
that corresponding to the curve of flow for the age 
of the concrete at which the load is removed; on 
this assumption, the deformations due to flow were 
almost entirely reversible. Attention had to be 
paid, therefore, to the whole sequence of deforma- 
tions and stresses. A potential flow under constant 
load was assumed, and it was considered that the 
rate of flow was always proportional to the effective 
potential flow. The principle of superposition 
enabled the whole history of a sample under a 
succession of variable loads to be traced back by 
integration, and the total amount of flow to be 
calculated. An integral equation could be obtained, 
enabling the loads to be calculated from the 
measured deformations; this equation could be 
solved by the method of finite difference. 

On the Shasta Dam, the strain gauges were 
arranged in groups of nine pairs each, to investigate 
the deformation in three dimensions; with a 
further gauge, isolated from the applied stresses, 

ing the deformations due to changes of 
temperature, volumetric changes due to the cement, 
and shrinkage in drying. Laboratory samples were 
prepared of the same concrete. A logarithmic 
equation was adopted for the calculation of the 
flow, and this gave, for an age of 30 years, an 
increase in the deformation of 28 per cent. over 
that at one year, for concrete exposed to load on 
the twenty-eighth day after pouring. 

Several types of strain gauges were described or 
referred to in the different reports. Mr. Raphael, 





* The English version of the report gives “‘ 6 years,” 
but the French version gives “5,” both in figures, 
a8 quoted.—Eb., E. 


after mentioning the carbon-rod extensometers 
used at Stevenson Creek and Gibson Dam, which 
were abandoned owing to defects in the electrical 
insulation, and the Invar-wire strain gauge used at 
the Owyhee Dam, which was disused owing to 
errors due to the optical distortion produced by 
heat, described the Carlson tensometer with its 
successive improvements affecting, in particular, 
the sealing of the instrument. The last model used 
at Grand Coulee had been working satisfactory for 
ten years. The Carlson tensometer consisted of a 
corrugated metal tube provided with securing clips 
at each end and containing two coils of 0-05-mm. 
piano-wire, wound on porcelain rods and so mounted 
that a variation in length of the tube caused the 
tension of one coil to increase and of the other to 
decrease. The difference in the electrical resistance 
of the two coils was measured by a Wheatstone 
bridge. With this arrangement, the instrument 
was insensitive to temperature variations. By con- 
necting the two coils in series, the instrument could 
act as a thermometer. The sensitivity was 4 micron 
per metre. The special precautions necessary in 
designing were perfect sealing, immersion of the 
active components in oil, the absence of rubber in 
the working space, and bituminous packing of the 
rubber-sheathed cable junction box. 

The French reports mentioned, without further 
description, the acoustic strain gauges proposed by 
Mr. Coyne, which have been successfully used on 
all French dams. Their sensitivity was of the order 
of 1 micron per metre, and the design proved 
entirely satisfactory, the gauges placed in the 
Maréges Dam being perfectly accurate after 15 
years. Special arrangements were described in 
several reports: on the dam at Pas-du-Riot—a 
masonry dam some 70 years old—bare cords were 
arranged on the downstream facing. To ensure 
intersection of the masonry joints, the cords, of a 
length of 60 cm., were divided into three sections 
of 20 cm. each in such a manner that certain 
sections were entirely on one block, while other 
sections crossed the joints. A gauge for measuring 
the temperature correction was fixed on a large 
free block. A special arrangement was devised for 
measuring the change in diameter of a culvert in 
the Aigle Dam, which collapsed under water pres- 
sure; the cord, 150 mm. long, was enclosed in a 
sealed tube, one end of which was given full 
flexibility by circular grooves. An air vessel balanced 
the pressures on either side of this membrane. The 
displacement of the diametrally opposed point was 
transmitted by five pipes (three of steel and two of 
aluminium) affording thermal compensation. 

Messrs. Liéfquist and Gustafsson (Sweden) des- 
cribed an induction strain gauge. A rigid steel 
tube of 60 cm. length was provided with threaded 
ends to ensure adhesion to the concrete. The 
length of the measuring base was 20 cm. and was 
indicated by projecting studs on the tube. The 
two ends of this base were connected to the two 
terminals of a movable inductance placed inside the 
tube. The lead-in of the electric cable was sealed 
by rubber discs. The whole formed a differential 
transformer, the position of the movable inductance 
being recorded by a variable audio-frequency 
generator, a valve voltmeter and a standard induct- 
ance. To diminish the effect of the capacity of 
the feeders, the measurements were at the 
resonance frequency, making the calibration curve 
practically independent of the feeder length. A 
voltage regulator was incorporated, to smooth out 
fluctuations of the mains voltage. The secondary 
winding was used for temperature measurement by 
balancing its resistance against a standard con- 
stantan resistance in a bridge circuit. Mr. Frey- 
Bar described the Maihak tensometer, working on 
the same principle as Mr. Coyne’s acoustic strain 
gauges, and emphasised that the presence of such 
an instrument, or of any form of strain gauge, 
modified the stress distribution in the neighbour- 
hood of the measuring point. The instruments 
described above differed in longitudinal flexibility, 
the Coyne acoustic gauges and the Carlson tenso- 
meter having corrugated tubes, while the instru- 
ment used by Léfquist and Gustafsson, and the 
Maihak tensometer, had rigid tubes. 





(To be continued.) 


SOME ASPECTS OF ENGINEERING 
INSPECTION.* 


By Lr.-Cpr. R. B. Famruorne, R.N. (retd.). 


“THERE is hardly anything in the world that some 
man cannot make a little worse and sell a little cheaper, 
and the people who consider price only are this man’s 
lawful prey.” Can anyone assert that these words 
apply any less to-day than when Ruskin realised their 
profundity a hundred years ago? It is axiomatic 
that, the greater the difference in price between the 
accepted tender (even to a rigid specification) and the 
mean price of all the tenders, the more vital the need 
for inspection. I refer to the inspection by the pur- 
chaser’s representative, because he would be an inferior 
manufacturer indeed who did not have in existence 
some form of works inspection; in fact, every true 
remaining craftsman is his own inspector of the particu- 
lar component with which he is individually concerned. 
Inspection, however, though applicable to all manu- 
facturing stages, is mainly concerned with engineering 
as a “finishing ” industry, which, in the purchase of 
its materials, has to carry burdens accumulated in 
every branch of industry contributing to the supply 
of these materiais—coal, iron and steel, transport, etc. 
Engineering industry is therefore under a two-fold 
disability ; besides looking after its own economy, it 
has to accept all the precharges created by the earlier 
im of manufacture even if on an uneconomic 


While I would not suggest that the practice is 
universal, there are many deliberate attempts to 
deceive inspecting engineers; not merely to such 
primitive devices as placing the ambient thermometer 
in the sun, or racing the jockey-weight along the beam 
of a testing machine, but to more subtle ruses. As 
representative examples might be mentioned the under- 
cutting of brushes to conceal sparking; giving the 
strength of a butt weld in terms of weld area instead 
of parent-metal area; or the ambiguous guarantee of 
engine fuel consumptions based (as one eventually 
discovers) on metric horse-power, which, needless to 
say, favours the tenderer by a not too obvious 1} per 
cent. or so. In consulting and inspecting work, the 
first cardinal rule is to take nothing for granted. 

A dissertation on inspection can hardly omit a 
substantial reference to the preparation and standardis- 
ation of specifications, for these are the consulting 
engineer’s and inspector’s vade-mecum. In the absence 
of a specification, written or implied, there can be no 
agreed standard of workmanship or performance ; 
specifications form the basis of all inspection and tests 
and, in their framing, may be good, bad or indifferent. 
A weak specification is worse than none at all. One 
of the reasons for a poor or conflicting specification is 
the practice of “‘ rehashing” an ps specification 
to save trouble. Unfortunately, few specifications are 
complete or free from flaws. Though no one would 
wish to belittle the excellent work of the British 
Standards Institution, there is room even here for 
improvement in certain specifications. For example, 
that dealing with rails omits any mention of a stan- 
dard of flatness—a quality which is of paramount 
importance in traction. A rule laid along a finished 
rail may disclose a convex or concave surface, but the 
relevant specification is curiously silent as regards 
actual permissible limits. There is a stipulation that 
“all rails when cold shall be made properly straight 
and true in all directions, such straightening to be done 
by gradual pressure”; but this, in my opinion, is 
more likely to give rise to argument than to settle it. 
To sum up, the essentials of a well-prepared specifi- 
cation are, firstly, that it should be ample (but no 
more) in compass and degree, and, secondly, that it 
should be unequivocal. It is surprising how few are 
entirely free from ambiguity and how often they place 
the inspector-employee in the unenviable role of the 
midshipman, who has been well defined as “a con- 
venient medium of abuse between two officers of unequal 
seniority.” - 

On the subject of the necessity for engineering 
inspection, one question might be asked: Can it be 
entirely a coincidence that, since 1920, when the inspec- 
tion sphere of the Naval Ordnance Department was 
extended, there has been no further instance of an 
unexplained internal explosion such as those which had 
previously claimed half a dozen of H.M. vessels as 
instantaneous total losses, unconnected with enemy 
action? Again, during a recent paper before this 
Institution by an eminent railway inspecting engineer, 
we heard the report by an overseas manager that 
locomotives shipped without prior inspection involved 
the expenditure of up to 8 per cent. of the contract 

rice before they could be putinto service. There ma 
be some who, notwithstanding such examples, are sti 





* Presidential address to the Institution of Engin- 
eering Inspection, delivered in London on June 4, 1948. 
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unconvinced, but even the most ardent opponent of 
systematic inspection could hardly declare it unneces- 
sary in the case of welded work, particularly arc weld- 
ing. When recently investigating some shoddy 
seams on the spiral casing of a water turbine, I was 
amazed to find that the welders had been paid on piece 
rate. In cases of pressure vessels, where human safety 
and even life is going to be at stake, this practice is 
unfair to all concerned, and tantamount to basing a 
surgeon’s fee inversely on the duration of the operation. 

Much has been said and written on the subject of 
engineering inspection itself, but less has been said 
regarding the causes of imperfections. It is sometimes 
a moot point whether the inspector has either the right 
or the duty to investigate what happens to work put 
back for re-inspection. Where no procedure is specified, 
firms differ largely in their attitude; some take the 
inspector into their confidence, while others resent 
anything in the nature of an inquiry, regarding it as 
a slur on their reputation and in the nature of an 
inquisition. If the inspector is of the right calibre, 
it is surely in the best interests of all concerned if he be 
invited to see exactly how the fault is tackled. 

There are occasions when a firm stand has to be 
taken with managements whose attitude seems to be 
that the customer is always wrong; and how often 
one hears the works manager’s assurance that “‘ You 
can rely on us not to let anything of doubtful quality 
through, for our own reputation is at stake.” The 
fact remains that, if errors pass undetected and are 
discovered for the first time on site, perhaps thousands 
of miles away, it is the inspectors upon whom the 
blame will rightly recoil. Here let me suggest that, 
when an inspecting engineer signs his release for equip- 
ment passed, he should do so in positive terms. Some 
so-called “‘ certificates” I have seen couched in such 
extravagantly guarded language as to be worthless ; 
and what can be said of a firm who, having exacted a 
declaration from their own inspecting staff that the 
equipment is in all respects in accordance with require- 
ments, then proceed to water down their “ certificate ” 
to the client by using such expressions as “to the 
best of our knowledge and belief,” and “so far as can 
at present be ascertained,” ad nauseam. What is 
uppermost in the mind of those who com such 
formule ? Not the interests of the job and the client. 

It is difficult to refrain from some reference to the 
remuneration of engineer inspectors, having regard to 
the question of status of engineers generally. As I 
understand it, there are only four “ professions,” and 
engineering is not among them. This is somewhat 
ironical when one realises that engineers necessarily 
overlap the work of their legal and accountancy 
colleagues, whereas the latter are not e ted to 
possess any engineering knowledge and ely display 
it. The technical institutions are not ting bodies 
in the sense that the Law Society and the British 
Medical Council are for the corresponding closed 
professions. At present, the term “‘ engineer” may be 
applied equally to a cleaner of sparking plugs and to 
the designer of a breakwater. An attempt was made 
by Sir Herbert Williams to regularise matters by 
introducing into the 1927 Parliament the Engineers’ 
Bill, but this was dropped through lack of support. 
Indeed, in my own view, it is unlikely that any Parlia- 
ment would consent to set up a 1egister of engineers 
or to restrict advisory practice unless it could be 
shown conclusively that the general public is incon- 
venienced by the absence of statutory registration. 

Corporate membership of any one of the three major 
Institutions confers a certain status, but how fares the 
chartered engineer thus “hall-marked”? Detailed 

are available to show that, by a fair comparison 
(which naturally includes taxation and cost of training), 
the average chartered engineer can expect, perhaps, 25 
per cent. higher earnings over his working life than the 
artisan who has only a fraction of the professional 
engineer’s responsibilities. 

The attitude towards inspecting engineers used to 
be described by cynics as hostility disguised as hos- 
pitality ; one likes to think that this no longer holds. 
As one who has had the advantage of coming from the 
bench via the drawing-board, I affirm that, even in this 
fevered, frustrated and graceless age, the bond between 
all grades engaged of a common venture is still power- 
ful, and that it embraces the inspecting staff. As 
expressed in words attributed to Colonel Walter 
Elliott: ‘‘The great gift of precision is the only 
artistic quality in virtue of which our age can face 
its predecessors. It is an art, a philosophy, a poetry, 
a discipline—the instrument by which 100,000 men, 
most of whom have never seen each other, can work 
to one end to bring about one achievement. In this 
art our age is supreme. To achieve it, each relies on 
his neighbour and his neighbour relies on each. All 
concerned stand by to keep faith with each other and 
they are not disappointed. Any slackening of that 
high potential, any ebbing of that conscious pride, 
makes the real problem of our time, and in so far as 
men capture it they are happy, and when they lose it 
they are wretched.” 





LABOUR NOTES. 


OvTSPOKEN criticism of the Government’s policy on 
wages, prices and. profits may be expected at the 
—— annual Trades Union Congress, which will 
take place at Margate from September 6 to 10. Firm 
Government action to reduce prices and curtail profits 
will be demanded in several of the 87 resolutions which 
will be placed before the Congress. In February last, 
shortly after its issue, the White Paper entitled “‘ Per- 
sonal Incomes, Costs and Prices,” which explained the 
Government’s policy on these matters, received the 
conditional support of the general council of the Trades 
Union Congress. This approval will now come under 
review. The special economic committee of the 
general council has been investigating these subjects for 
some months and has now prepared a report, which, 
together with other recent economic material, will be 
presented to the Congress. It is concerning this report 
and the dozen or so resolutions dealing with various 
aspects of incomes, prices and profits that interest in 
this year’s Congress will mainly be focused, and debate 
become keenest. 


The resolution of the Amalgamated Union of Foundry 
Workers states that the curtailment of wage increases 
cannot be justified unless there is strict Government 
control of profits and prices. The union also asks for 
the removal of purchase tax from the accumulations of 
consumer goods in shops and warehouses. The Amal- 
gamated Engineering Union wishes the Congress to 
press for legislation to restrict profits and reduce prices 
in order to prevent further falls in real wages. The 
Electrical Trades Union is another union which wants 
profits and prices to be controlled by legislation. This 
union’s resolution states that Government measures at 
present in force have failed to stop the decline of wages 
in relation to prices. Profits and prices have risen, 
the union says, in spite of the Government’s appeal to 
employers to work out measures for reducing these. 
Therefore, the union’s resolution demands price control 
of unrationed commodities and capital equipment 
goods; a decrease in indirect taxation; increased 
food subsidies where necessary to prevent price in- 
creases; and the statutory control and limitation of 
profits and dividends. The union asks the Congress to 
say that the present wage level is insufficient to main- 
tain a reasonable standard of living and that, there- 
fore, the Congress cannot “ support a policy designed 
to stabilise or freeze wages at their present level.” 


The Plumbing Trades Union suggests that the Gov- 
ernment should negotiate with the unions to fix a 
minimum wage based on the cost of living, but wants 


prices brought down to the lowest level first. The 
Musicians’ Union supports the plea for a minimum 
wage fixed by legislation and, in addition, desires to 
have an upper limit placed on all personal incomes. 
The Government is urged by the resolution of the 
Inland Revenue Staff Federation to publish an index 
of business salaries, commissions and profits, on the 
lines of the present wages index. The Amalgamated 
Engineering Union would like all employers to be com- 
pelled by statute to recognise unions and shop stewards. 
Some unions seek an end of compulsory arbitration in 
trade disputes, as provided by the National Arbitration 
Order, while others desire the Government to speed up 
the formation of development councils. The condem- 
nation of unofficial strikes and the disloyal activities of 
small factions is sought in a resolution of the National 
Union of General and Municipal Workers. 


Another group of resolutions to be placed before the 
Congress recalls the division of opinion among the 
larger unions, at the May conference of the Labour 
Party, on the important question of the control of 
the nationalised industries. This difference of opinion, 
however, is less apparent in the present resolutions, 
and the demand for ter union representation on the 
governing bodies of nationalised industries is, conse- 
quently, more insistent. The resolutions proposed by 
those unions which serve nationalised industries are 
of particular interest in this respect. The National 
Union of Mineworkers, which was, last May, in favour 
of the Government’s present policy, now asks for a 
radical change of the machinery at all levels, with 
greater representation of the Labour and trade union 
movement. The Associated Society of Locomotive 
Engineers and Firemen proposes that more use should 
be made of the practical experience of men already 
employed by these industries. The National Union of 
Railwaymen wants the rank and file te have greater 
participation in control. The Union of Post Office 
Workers asks that the Post Office should be adminis- 
tered by a council comprising Government officials and 
trade union representatives, in equal numbers, under 
the chairmanship of the Postmaster General. The 
Amalgamated Engineering Union demands prompter 
nationalisation of the iron and steel industry and 
suggests some immediate steps in this direction. 


Pay increases granted during the first six months 
of this year to 3,277,000 earners in the United 
Kingdom (excluding clerical employees) are addi 
962,5002. a week to their total wages ; being an ave 
weekly increase of more than 5s. 6d. each. It is worthy 
of note that the Government’s White Paper on incomes, 
costs and prices was in operation during five of those 
months. The Ministry of Labour Gazette reports that 
increases granted to 333,000 employees in the metal, 
engineering and shipbuilding industries reached g 
weekly total of 96,600/., representing a weekly average 
of nearly 6s. a head. In the building and civil engin. 
eering construction group, the average weekly increases 
per employee amounted to about 2s. 4d. only; 4 
weekly total of 8,000/. being shared among 69,000 
persons. Some 772,500 workpeople engaged in trang. 
port shared weekly increases amounting to 189,6001,, 
and, similarly, 194,500 persons in the gas, water and 
electricity supply group shared 49,9001. weekly. The 
mining and quarrying, textile, and clothing industries, 
and the public administration services also participated 
in the increases. 


The upward trend of wages, for the non-clerical 
wage-earning groups in the United Kingdom, was wel] 
maintained during June, when a total weekly increase 
of approximately 129,000/. was made in the weekly 
full-time wages of 538,000 workpeople. Winding 
enginemen employed at collieries, and persons engaged 
in the food and confectionery trades, were among the 
diverse groups who benefited. Employees in the iron 
and steel industries received small increases based on 
sliding-scale arrangements under the interim index of 
retail prices. Some 90,000/., out of the total weekly 
increase of 129,000/. during the month, resulted from 
agreements made by Joint Industrial Councils and 
similar joint bodies of a voluntary character. Orders 
under the Wages Councils Act accounted for a further 
29,0007. Arbitration awards, and sliding-scale arrange- 
ments under the retail-prices index, accounted for most 
of the remainder. 


No spectacular changes in hours of labour have taken 
place during recent months, mainly, no doubt, because 
something approaching the downward limit, under 
present conditions, has been reached in many industries, 
An average reduction of about four hours a week, mainly 
in the cement-manufacturing industry, took place in 
May, affecting some 7,000 wor! ple. Their weekly 
working hours were reduced from 48 to 44, but the 
former number of hours will continue to be worked 
during the present labour shortage. An agreement 
was made in June whereby the normal working week 
of persons engaged at National Coal Board coking 
plants was reduced to 44 hours. Employees in the 
rubber manufacturing industry had their weekly 
hours reduced from 48 to 45 in December last, by an 
agreement with the industry’s National Joint Industrial 
Council, and an Order under the Wages Councils Act 
rules that, from June onwards, overtime rates are to be 
paid for hours worked beyond 45. The Ministry of 
Labour reports that, during the first half of 1948, 
there has been an average reduction of three hours 
a week for some 277,000 persons. 


The annual report of the General Federation of Trade 
Unions, for the year ending March 31 last, states that 
a successful delegate meeting of the Chain Makers’ and 
Strikers’ Association was held, and continues, “ The 
universal demand for British wrought-iron chain 
exceeds the supply; this is regarded as a complete 
refutation of a Factory Inspector’s report 0 gp 
the quality of wrought-iron chain. e finances o 
the association are in a most healthy state. Prepara- 
tions are in hand to celebrate the association’s diamond 
jubilee at Portsmouth in 1949.” An offer from “ one 
of the oldest chain manufacturers” to establish 
benevolent fund for members who fall on evil times 
has been accepted with cordial thanks to the donor. 


The present conditions of full employment and high 
wages are generally favourable to increases of both 
numbers and financial resources in the trade unions. 
The General Federation of Trade Unions reports that, 
during the twelve months ended March 31 last, the 
membership upon which contributions were se had 
increased by 18,098, and the total membership by 9,871. 
On the financial side, the balance sheet shows an 
increase, during the twelve months, of 13,6231. 17s. 9d., 
after allowing 3,7331. 13s. for depreciation of land, build- 
ings, etc., and 3,0631. 168. 8d. in dividend to affi- 
liated societies. The United Patternmakers’ Associa- 
tion reports that 61 new members were admitted in 
May and 84 in June; while 10 members died in May 
and 13 in June. Resigned and excluded members 
numbered 36 in May and 34 in June. At the end of 
June, the association’s total membership had increased 





to 15,512. There were then 88] members on super- 
annuation benefit. 
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THE STABILITY OF LARGE 
ELECTRIC CABLE SYSTEMS.* 


By A. J. Grppons and E. B. PowEt. 


Exzcrricity supply in a metropolitan area necessi- 
tates the use of underground cables for both main trans- 
mission and distribution. One particular area in the 
west end of London, covering approximately } square 
mile, has a load density of over 120 MW per square mile, 
while load densities of 30 to 40 MW per square mile are 
commonly encountered over considerable areas. Peak 
densities over areas of 20 to 30 acres can easily be as 
high as 200 MW per square mile. While, therefore, the 
major supply points are geographically close, the mag- 
nitude of the ate calls for the use of high voltage for 
the transmission and major distribution systems. The 
congestion of public services in the roadways and foot- 
paths, and the heavy expenses of excavation and rein- 
statement, render it essential that a transmission route 
should handle the maximum of power with the mini- 
mum cross-section of trench. e influence of soil 

caused by the cable losses is such that the laying 

of additional cables has progressively less effect in 
thes the load capacity of a transmission route. 
These features cause the selection of a voltage for trans- 
mission much higher than would be warranted purely 
on the score of distance. As a result, a metropolitan 
high-voltage network has an abnormally high electro- 
static capacitance. In order to obtain a high trans- 
mission capacity per route in an economical manner, 
cables of pg seer pressure type are now being 
employed on a considerable scale, but their use unfor- 
tunately reflects adversely on the already high electro- 
static capacitance of the system. A cross-section of a 
typical 66-kV cable route using such cables is shown in 
Fig. 1. This comprises three 66-kV cables of the 
impregnated pressure type each of which has a con- 
tinuous rating of 54 MVA. The telephone, control and 
_ cables are indicated at a, 6 and c. The power 
actor of the system, which already tends towards 


unity by virtue of the high percentage of lighting, space 





* Paper on “‘ The Influence of Design and Operational 
Practice on the Stability of Large Metropolitan Cable 
Systems ” read before the Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension (C.1.G.R.E.) 
in Paris, on Saturday, June 26, 1948. 
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heating and cooking loads, is further increased by the 
heavy network oo and at times of light load 
the generators will be operating at a leading power 
factor. For instance, on the system with which the 
authors are associated, a power factor of 0-95 
is obtained when the maximum demand is 500 MW and a 
wer factor 0-95 with a light load of 45 MW. 

Under maximum-load conditions the power factor at 
the generators is 0-96 lagging and 0-88 leading at 
light loads. The route length of the 66-kV cables 
involved is 116 miles, their average length being 6-1 
miles; the capacitance of the 66-kV system is 
46 microfarads per phase. The route length of the 
22-kV cables is 592 miles, the average length being 
3-8 miles; the capacitance is 325 microfarads per 

phase. The total charging power of the 66-kV and 
22-kV systems at the rated voltage is 112 MVA. 

At some points conditions are so difficult that normal 
cable, laying technique has had to be abandoned and 
it has become necessary to construct large tunnels to 
accommodate the main transmission cables. The 
undertaking mentioned above has constructed five 
tunnels in London which, with spurs or branches total 
1,665 yd., while a further four tunnels —s 
2,800 yd. are under construction. A cross-section 
a typical 10-ft. cable tunnel is shown in Fig. 2. In 
addition, the crossing of a main traffic artery usually 
involves the construction of headings which often sed 
to lie at a considerable depth in order to avoid sewers, 
semi-surface railways, etc. A cross-section of a t 
heading is shown in Fig. 3. This contains four 66-kV 
impregnated pressure cables with pilots, telephone and 
control cables laid directly in sand or soft soil with con- 
crete slabs over them. Above the slabs are six 6-in. 
and four 4-in. earthenware ducts in concrete. 

The relatively short lengths of the main transmission 
routes, which nowhere exceed 18 miles on the system 
under consideration, and the extensive interconnection, 
ensure that the stability of the transmission system is 
not in question. The operational stability of the 
generating plant must, however, be considered in order 
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to determine the margin that may safely be allowed 
between the actual load on a machine and the theoretical 
pull-out point for any particular excitation. On the 
system with which the authors are associated, the 
stability margin for each machine is determined 
from a formula M = C + kR, where M is the stability 
margin in MW, C a constant, k the governor constant, 
and R the machine rating in MW. C is usually taken 
as 5 MW, while & is determined individually for each 
machine and usually lies between 0-12 and 0-21. 
Taking an average figure of 0-15, the required opera- 
tional stability margin varies from $8 MW for a 20-MW 
machine to 20 MW for a 100-MW machine. These 
margins apply irrespective of the magnitude of the 
load on the machine. The system characteristics and 
the power factors at which the alternators have to 
— have a pronounced effect on the design 
the latter, especially when the stability requirements 
outlined above are taken into consideration. Investiga- 
tion shows that the steady-state stability of a generator 
is directly related to its synchronous impedance, or to 
the related short-circuit ratio. This ratio depends on 
the stator winding arrangement and is more particu- 
larly a function of the air gap. From a consideration of 
the fundamental excitation diagrams of an alternator 
it is possible to establish the relation 


S=~/M?+2ML+L tan 0, 


where § is the short-circuit ratio, M the stability 
margin, L the machine load, and cos @ the power 
factor at the machine terminals. Fig. 4 shows curves 
derived from the above expression for a machine 
rated at 60 MW, with a power factor 0-9 lagging, which 
is designed for operation with a constant stability 
margin of 14 MW at power factors between 0-9 lagging 
and 0-9 leading. It will be seen that with lagging 
power factors below 0-95 the short-circuit ratio neces- 
sary to provide the required stability is about 0-4, while 
with this short-circuit ratio — per cent. of the rated 
megawatt load can be accepted at unity power factor. 
If, however, any appreciable loading is required at 
unity, or slightly leading, power factor, the required 
short circuit ratio to maintain the pre-determined 
stability margin increases sharply. The system 
characteristics referred to earlier, together with the 
shape of the load curve, require an alternator to be 
capable of operation at rated full-load output in mega- 
watts at unity power factor at times of maximum load, 
while at times of light load it should be capable of an 
output of at least 50 per cent. of the rated megawatts 
at a power factor of 0-9 leading. Taking into account 
the pre-determined stability margin, the curves in 
Fig. 4 indicate that an alternator with a short-circuit 
ae of about 0-75 is required. 

In order to restrict network short-circuits to values 
which can be dealt with economically by switchgear, 
it is necessary to install coupling reactors, which may be 
either of the air-core or oil-immersed types, the bane 
being preferable for the higher-voltage systems. The 
ohmic value, current rating and location of coupling 
reactors require careful consideration. It should be 
the aim of the the designer of the system to keep the 
ohmic values of the coupling reactors down to the 
minimum value necessary to avoid overstressing the 
switchgear under fault conditions, while the o a 
engineers should endeavour to regulate | 
that these reactors are not normally carrying ve 
amounts of power. This latter requirement may 
unfortunately conflict at times with the economical 
loading of the generators. Reactance values of the 
order of 2-0 ohms to 3-5 ohms have been found suit- 
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able for reactors on the 22-kV system where short- 
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circuit levels range between 500 MVA and 1,000 MVA, 
while on the 66-kV system, where the short-circuit level 
lies between 1,000 MVA and 2,500 MVA, reactors 
having a value of 4 ohms to 5 ohms have been found 
satisfactory. 

It is the experience of all operating authorities that 
the joints on a cable system are by far the most vulner- 
able points, and switching or other transient over- 
voltages will have more adverse effects on them 
than on a factory-made length of cable. It is accord- 
ingly considered that the regular switching in and 
out of extra high-voltage cables is a practice to be 
avoided if a long and trouble-free service life is to be 
ensured. It must be remembered that the repair of a 
faulty high-voltage cable in a metropolitan area is a 
lengthy and expensive operation. A considerable 
amount of excavation will inevitably be required ; in 
wet ground, moisture may travel up the cable from the 
point of fault for a considerable distance, necessitating 
the replacement of quite long lengths of cable, while 
finding accommodation for the extra joints is often a 
problem. From seven to fourteen days is a fair esti- 
mate of the time required to repair a faulty 66-kV cable 
in the London area. 

It is generally considered that the load dispatcher 
responsible for the operation of large cable systems at 
times of light load will be mainly concerned with high 
voliages, while steady state and transient stability 
problems such as are met with on long overhead trans- 
mission lines can be ignored. It soon became evident, 
however, on the system described by the authors, in 
which the charging MVAr of the cables during the 
early hours of the morning is often more than twice 
the MW demand, that the operation of alternators for 
long periods at leading power factors cannot be avoided. 
The system voltage then tends to rise well above 
permissible limits, unless the alternator excitation is 
reduced to a minimum, so that the risk of instability 
under these conditions is sufficiently real to warrant a 
thorough investigation. The high-tension ‘bus-bar 
voltage which is normally 66 kV, often reaches a figure 
of 70 kV at times of light load, while 69 kV is quite a 
common figure. This high voltage causes incon- 
venience to some of the undertakings buying power in 
bulk, as it is impossible for them to maintain the 
voltage at the Jow-tension terminals of their consumers 
within the statutory limits which allows a voltage 
variation of + 6 per cent. on their declared pressure. 
Steps must therefore be taken to prevent the voltage 
rising above 68 kV during periods of very light load. 
There are three methods available for attaining this 
result, namely: to install synchronous or static reactors 
in order to counteract some of the charging MVA of the 
system ; to discharge some of the longer 66-kV feeders ; 
and to operate the alternators at a leading power 
factor. 

It was therefore decided to carry out experiments 
when the load was only 57 MW with a view to ascer- 
taining the extent by which the voltage could be con- 
trolled when using the above methods, The results 
are shown in Fig. 5, on page 165. The power factor of the 
load at the beginning of the tests was about 0 -62 lagging, 
but, due to having to supply 100 MVA leading to 
charge the cable the alternator power factor 
was 0-94 leading. In order to keep down the voltage 
to 70 kV, the excitation of the machine had therefore 
to be reduced to 88 per cent. of the no-load value. The 
a factor of the load was first improved to 0-97 

ading by operating a 30-MVA frequency changer as 
a synchronous reactance taking 12-5 MVA of reactive 
power from the system. This reduced the voltage to 
67 kV. The next step was to remove 17-5 MVAr 
leading from the system by discharging 37 miles of 
66 kV cable, the total compensation then applied being 
30 MVAr. 
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It can be seen from Fig. 5 that by this means com- 

my control can be obtained by suitable compensation, 
ut this would have necessitated the installation of 

either static shunt reactors or synchronous reactors, 
since the practice of regularly switching out 66 kV 
feeders is considered to be inadvisable on account of 
the risk of insulation breakdown at the joints. Both 
these types of reactor are expensive from the point of 
view of initial cost, and, while the operating cost of the 
static type is low compared with the synchronous plant, 
the noise level is exceptionally high and it was anti- 
cipated that there would be some difficulty in installing 
them in city areas. If the requisite voltage control 
was to be obtained by compensation, it would, there- 
fore, have been nevessary to install additional synchro- 
nous reactors on the system, since the small amount of 
compensation provided by the frequency changer was 
insufficient. 

The possibility of maintaining the system voltage at 
the required level simply by operating the alternators 
at leading power factor was therefore given serious 
consideration. This would have necessitated running 
them, at times, with an excitation considerably less than 
the no-load value, which is a practice the majority of 
operators are very loath to adopt unless they can be 
shown that there is no risk of instability under such 
conditions. It was therefore decided to issue stability 
diagrams for each machine, from which the pull-out 
point for any load or power factor under constant 
excitation could be obtained. 

The form of diagram selected for the purpose was a 
family of circles constructed on the well-known equa- 
tion for a short transmission line neglecting resistance 
and capacitance, two typical examples of which are 
shown in Fig. 6, which applies to a 50-MVA machine 
with a short circuit ratio of 1-0, and in Fig. 7, which 
_— to a 50-MVA machine with a short circuit ratio 
of 0-5. In Great Britain it is unusual to find machines 
with a short circuit ratio as high as 1-0, but machines 
with a ratio of 0-5 are quite common. 

The advantage of a high short-circuit ratio is clearly 
seen from these two diagrams, since the machine having 
a short-circuit ratio of 1-0 when operating at 25 MW 
and (0-97 leading power factor, will pull out of step 
under constant field conditions at 51 MW, while in the 
case of a machine with a short-circuit ratio of 0-5 
the pull-out point would be only 31 MW. From these 
results it is clear that the machine with a short-circuit 
ratio of 1-0 has a very considerable margin of stability, 
although it is operating for all practical purposes with 
no-load excitation, while in the case of the other unit, 
which is operating with a much stronger field, the 
margin of stability is too low for satisfactory running. 
This shows the fallacy of the view that is common 
among operating staffs that there is no risk of instability 
so long as the field current is greater than the no-load 
value. 

The next step, after having constructed the diagrams 
for individual machines, was to determine the margin 
of safety that could be allowed between the operating 
conditions and the pull-out point. The stability margin 
must be sufficient to allow for the effect of governor 
operation in the event of a sudden change in system 
frequency, such as might be caused by a loss of a large 
block of generating plant. From observations made 
over a number of years while operating in parallel 
with the national grid, it would appear that a sudden 
drop in frequency of more than | per cent. is unlikely 
to beexperienced. Itis therefore considered that stable 
operation will always be obtained if a margin of stability 
some 3 to 5 MW higher than the load that can be picked 
up under governor action is provided. From an analy- 
sis of a number of governor characteristic curves for 
typical British machines, it would appear that when the 
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rule, about 10 per cent., while at light loads it is consi- 
derably less, being about 4 per cent. The average 
figure between one-quarter and three-quarters load 
can be taken as 6-5 per cent. It will be seen from this 
that if a 1 per cent. drop in speed occurs under light- 
load conditions, the machine will pick up as much as 
25 per cent. of its normal rating, while between one- 
quarter and three-quarters load the increase in output 
will be some 15 per cent. of the machine rating. It is 
considered that the effect of governor action can be 
ignored under light-load conditions, since it will be 
seen from Fig. 6 that there is ample margin between 
the operating and pull-out points to ensure stability in 
the event of a sudden drop of 1 per cent. in the system 
frequency. For half-load and upwards, however, the 
effect of governor action should be allowed for and care 
must be taken to see that the stability margin exceeds 
the load that may be picked up by the machine in the 
event of a 1 per cent. drop in the system frequency. 
The amount of load that may be picked up under 
these conditions is obtained by multiplying the machine 
rating by a governor constant, which has an average 
value of 0-15. The extent by which the stability 
margin exceeds the load that may be picked up by 
governor action should not be less than 3 MW for the 
small machines, being increased to 5 MW whenever 
possible. This factor of safety is necessary in order 
to cover both the normal errors of switchboard instru- 
ments and the possibility that the actual stability of 
the machine may be less than that calculated from the 
design data on which the circle diagrams are based. 

These diagrams have been in continual use during the 
last ten years and, since their introduction, it has been 
the practice to operate generators having a short- 
circuit ratio of 1-0 at 33 percent. full load with a power 
factor of 0-85 leading during the times of high voltage 
which tend to exist in the early hours of the morning. 
By this means a much more satisfactory voltage control 
than existed before their introduction, when operators 
were loath to run plant under-excited, has been obtained. 
It was observed after the various stability diagrams 
had been constructed that certain machines, which 
had a short-circuit ratio in the region of 0-5, had been 
operating very near to instability, even at lagging power 
factors, stable operation only being obtained by means 
of voltage regulators. The introduction of these 
diagrams has therefore resulted in an improvement in 
the operating conditions of machines with low short- 
circuit ratios, which are now never allowed to operate 
at power factors higher than 0-95 lagging when the 
voltage regulators are out of commission. Whenever 
— voltage regulators are used, but since it may 

necessary at times to operate the machines with the 
regulators out of commission, it is considered that no 
allowance should be made for their presence when using 
the circle diagrams. 

From a number of investigations that have been 
made, it is found that there is very little risk of insta- 
bility due to the use of reactors on the system, even 
when they are loaded to their normal full-load rating. 
In the event of a three-phase short-circuit occurring 
close to the terminals of the generator, instability may 
occur if the reactance of the circuit is high, due to the 
acceleration of the machine’s rotor, relatively to the 
remainder of the system during the time the fault 
is applied. It should be mentioned that there is no 
risk of instability on the system under phase-to-earth 
or gps short circuits. ; 

he extent to which the alternator rotor swings 
forward when a three-phase short-circuit is applied close 
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to its terminals, depends on the stored energy in the 
steam and electrica] rotors and the duration of the 
fault. These factors are, of course, determined by the 
design of the turbo-alternator and the characteristics 
of the protective gear, which are both outside the control 
of the load dispatcher. He can, however, decide, to 
some extent, the characteristics of the system after 
the fault has cleared and thus ensure, not only that the 
phase swinging set up during the fault will be damped 
out without loss of synchronism, but also that the 
margin of stability under steady-state conditions will be 
ample for stable operation when once the phase swing- 
ing has subsided. A typical example of the type of 

oblem the load dispatcher has to consider is shown in 

igs. 8, 9 and 10, opposite. In this case, the outer sec- 
tion of the "bus bars can be operated under a short- 
circuit of 1,000 MVA, while that of the centre section is 
determined by the rupturing capacity of the switchgear 
connected to it through relatively short feeders. This 
latter switchgear, which has a normal rating of 500 
MVA, has been known to interrupt short-circuits of 
650 MVA without difficulty and has at times operated 
at this higher figure due to force of circumstances. 

From calculations that have been made, it is found 
that the 33-5 MVA, 3,000 r.p.m. alternator indicated in 
Fig. 8, which is operating at 30 MW, 0-9 lagging, will 
be stable if a three-phase short-circuit occurs on the 
low-tension terminals of the transformer and is cleared 
from the system in0-3 second. The steady state stabi- 
lity margin would be 11 MW for this machine, which 
has a short-circuit ratio of 0-42. The system is 
therefore stable. In the case of Fig. 9, it would be 
necessary to clear the fault in 0-23 second to ensure 
transient stability. This time is too short, since the 
authors consider that the minimum time that can be 
allowed for clearing a fault from the system is 0-25 
second. The stability margin under steady-state 
conditions is also only 5 MW, which is_insufficient. 
The permissible clearing time could be increased from 
0-23 to 0-26 second if the 3,000 r.p.m. machine, which 
has a stored energy of 4-5 kW-seconds per kilowatt, was 
replaced by a 1,500 r.p.m. set with a higher stored 
energy of 6-0 kW-seconds per kilowatt. The position, 
however, is still unsatisfactory, so the load dispatcher 
will have to take steps to improve matters by short- 
circuiting the left-hand reactor as shown in Fig. 10. 
Under these conditions a 3,000-r.p.m. machine will be 
stable so long as the fault is cleared in 0-27 second, 
while if a 1,500 r.p.m. set were to be used, the permissible 
clearing time would be increased to 0-3 second. The 
steady-state stability margin for either machine would 
now be 8 MW, which is considered sufficient for stable 
a: The above example shows the importance 
of limiting the amount of reactance that is introduced 
into the system in the event of a fault clearing certain 
circuits from the network. The load dispatcher there- 
fore tries to arrange that at least two circuits of low 
reactance are connected to the same bars as the indivi- 
dual generators, but, where this is impossible owing to 
circuits being out of commission, the reactance between 
the machine in question and the remainder of the system 
expressed on the basis of the machine capacity, should 
not exceed 25 per cent. 

There is a risk of transient instability under three- 
phase short-circuit conditions in the case of small 
3,000 r.p.m. topping sets, in wnich the total storea 
energy may be as low as 2-7 kW-seconds per kilowatt. 
If such a machine breaks step through instability, the 
output of the high-pressure boilers supplying it will 

suddenly-reduced and heavy blowing of the safety 
valves may occur. This not only causes a serious loss 


of valuable water, but may also damage the seats of 
the safety valves sufficiently to put the boiler out of 
commission for some weeks. Instability under fault 
conditions could only occur if a three-phase short- 
circuit were applied close to the terminals of the 
machine, under which conditions a fault would have 
to be cleared in 0-35 second. 

It would seem from the above that a three-phase 
short-circuit at the terminals of the machine is unlikely 
to cause instability, since ample time is available for 
clearing the fault from the system. It is advisable, how- 
ever, when practicable, to reduce the risk of three-phase 
short-circuits occurring at the machine terminals 
by only connecting such circuits as outgoing feeders 
to the same *bus bars, since the probability of a three- 
_ short-circuit occurring on these circuits is slight. 

he risk of three-phase short-circuits occurring does 
exist in the case of certain equipments, such as house 
transformers, and it is advisable to insert a reactor 
between the machine and this type of plant whenever 
possible, in order that the maximum permissible clearing 
time may be obtained. 

The method adopted for solving the above transient 
stability problems is to reduce the plant affected and its 
associated network to an equivalent machine supplying 
an infinite "bus bar. Torque-angle diagrams are then 
constructed for the conditions existing both during 
and after the fault, from which the accelerating and 
breaking torques during phase swinging can be obtained. 
Stability is ensured so long as the average breaking 
torque after the fault is greater than the accelerating 
torque while the fault is applied. The minimum clear- 
ing time permissible in order to ensure stability is 
obtained te the use of pre-calculated swing curves. 
The risk of instability is actually considerably less 
than) that calculated by the above method, which 
neglects the oscillation set up in the remainder of the 
plan? connected to the system. So long as the 
equivalent system is shown to be stable, there is no 
justification for using more exact step-by-step methods. 

As a matter of interest, it might be mentioned that 
the phase swinging of the topping set considered above, 
together with the remainder of the plant, was worked 
out as a four-machine stability problem, using step-by- 
step methods, it being assumed that the fault was 
cleared in 0-29 second. This method supplies more 
information about behaviour of the machine after the 
fault than can be ontained from torque-angle diagrams, 
since it shows the extent of che phase swinging set up 
after the fault is cleared. It is interesting to note that 
the output of the machine will reach a figme of 3-5 times 
the alternator rating in 0-55 second from the clearing 
of the fault and that phase swinging takes several 
seconds to die out. 

From the information obtained from this investiga- 
tion, it was decided that stability of the system could 
always be ensured if the following two conditions are 
fulfilled : all faults must be cleared from the system in 
0-25 second, and the maximum output from the 
torque-angle diagram for the equivalent machine after 
the fault has cleared must not be less than 4-6 times 
the initial output of the machine. The advantage 
to be obtained from the above method of approach, 
when dealing with stabilicy problems on large cable 
networks, can be appreciated from the fact that prior 
to its introduction a few cases of operating instability 
had occurred. These were due, no doubt, to the operat- 
ing staff not fully appreciating the fundamentals of the 
problem and it is interesting to note that since the 
adoption of the above method no further cases of insta- 











bility have been experienced. 
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A LENGTH of 220 yards of the formation under the 
fast lines of the London Midland Region at Denbigh 
Hall was recently excavated to a depth of 4 ft. below 
rail level, to remove soft clay which had made speed 
restrictions necessary since 1940, and was then re-made 
with sand and gravel. The lines were closed to traffic 
for 49 hours. The accompanying illustration, which 
was taken looking north, shows the site after it had been 
excavated, the material having been loaded into wagons 
on the temporary siding shown on the left of the illus- 
tration. This siding was also used for delivering the 
new sand and gravel. 

Denbigh Hall is 48 miles from Euston, and about a 
mile north of Bletchley, on the main line. Four tracks 
—two fast on the west side, and two slow on the east 
side—are laid in a deep clay cutting. In 1940, a serious 
slip occurred on the west bank of the cutting alongside 
the down-fast line. The slope was therefore trimmed 
back to a flatter angle, but it was not possible at that 
time to deal with the formation under the fast lines, 
the condition of which was unsatisfactory. Water 
pockets kept the clay soft, and although ash ballast 
was used to blanket the clay, track maintenance was 
difficult, and speed restrictions had to be im 3 
The formation was renewed between 4 p.m. on Satur- 
day, July 10, and 5 p.m. on Monday, July 12, when the 
fast lines were opened to traffic. A temporary speed 
restriction was imposed for about four weeks, to allow 
the tracks to become consolidated, after which normal 
running was resumed. 

The excavated material consisted of 1,500 cubic yards 
of clay and ashes, and the formation was trimmed 
to a cross-fall of 1 in 20, sloping to a new drain laid 
alongside the down-fast line. A layer of fine sand, 
4 in. thick, was spread over the new formation, fol- 
lowed by a mixture of sand and gravel to an avi 
depth of 2 ft. 6 in. The granite ballast and ree 
were then laid. Messrs. Leonard Fairclough, Limited, 
provided mechanical equipment for the excavating 
work, consisting of four dragline excavators, and two 
bulldozers, which were brought to the site on a special 
train. Twenty-two trains were run for removing the 
excavated material and delivering the sand and ballast. 
The delays caused to main-line traffic, which had to 
use the two slow lines, were small ; some freight trains 
were run before and after the week-end, and some were 
diverted to other lines. 
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ELECTRICAL SUPERVISORY 
CONTROL FOR NEW ZEALAND 
IRRIGATION SCHEME. 


Tue Public Works Department of New Zealand are 
operating an irrigation scheme in the Methven District, 
part of which comprises a diversion race from the 
Rangitata River. The water-flow through the various 

rts of this race is controlled by five radial or vertical 
lift gates, which are operated by electric motors. 
These motors can be switched on or off either manually 
or from a central position through supervisory appa- 
ratus, which has been supplied by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. For this purpose, all the gate positions are 
linked by a single pair of overhead pilot wires to the 
temporary irrigation headquarters, where the control 
panel and its associated equipment are installed. On 
this panel each gate is represented by an indicating 
lamp and a lever type “select ” key. The lamps are 
normally extinguished, but are illuminated when the 
appropriate key is operated. In addition, there are 
push buttons marked “up,” “down,” “stop” and 
“indicate,” respectively, which are used for operating 
the individual gates; and an indicator with a radial 
scale for showing the position of any gate. The 
system is supplicd with low-voltage direct-current 
and 250-volt 50-cycle alternating current for signalling 


To “ select ’ a gate the appropriate “select ” key is 
depressed so that a “ start” signal is transmitted to the 
control equipment and the “sending” selector is 
adjusted for the particular station required. A signal 
is also transmitted over the pilot wires, to prepare the 
supervisory equipment at all the gates. r a short 
interval, the sending selector steps round to the position 
on its bank which corresponds to the station required, 
and transmits a direct-current impulse to the line. 
The “ receiving ”’ selector is thus moved in synchronism, 
until the — selector reaches the position deter- 
mined by the “ select * key. The circuit at the required 
gate is now ready for any further operation, those at 
the other gates being automatically locked out. The 
indicating , ed adjacent to the appropriate select key 
is also lighted, showing the operator that the gate 
required has been properly selected. He then depresses 
the “ up ” or “ down ” press button for that particular 


gate, thus transmitting a signal to the supervisory 





”» 
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equipment and causing the “ receiving 
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the selected gate to move in synchronism with it. A 
master relay is also energised or de-energised, so that 
the gate motor is run in the appropriate direction or 


— 

ing the button marked “ indicate ” causes the 
driving circuit of the “ sending ” selector to be trans- 
ferred to an “indicating” selector. The latter 
moves in synchronism with the ‘‘ receiving ” selector 
at the gate and is fitted with wipers to which a pointer 
rotating over a scale on the front of the control panel is 
fixed. To stop a motor, a short pulse of 50-cycle 
alternating current is transmitted to the line and 
causes the “receiving” selector to line up with a 
contact arm, which has been pre-set by the gate 
mechanism. The pulse is then transmitted back over 
the pilot wires, and brings both the “ indicating ” and 
“ receiving ” se to rest. 

When any selection, operation or indication has been 
completed, the equipment is restored to normal by 
replacing the “‘ select” key on the control panel. The 
“sending ” and “indicating” selectors are thus also 
returned to normal and the gate position indicator to 
zero. Finally, the “ receiving ” se r at the selected 
gate is automatically restored and the circuits at the 
other gates unlocked. The m does not interfere 
with local electrical or manual operation of any gate ; 
and any operation of this kind can be checked from 
the control panel by the position indicator. 





NOTES ON NEW BOOKS. 


Geometrical Drawing. By H. Bryns, A.I.Mech.E. The 
Technical College Series. English Universities Press, 
Limited, St. Paul’s House, Warwick-square, London, 
E.C.4. [Price 8s. 6d. net.] 


GEOMETRICAL drawing may be regarded as the alphabet 
of the more utilitarian forms of draughtsmanship, and 
@ good grounding in its essentials is worth some trouble 
to acquire. This book aims to provide such a ground- 
ing and should be effective also in its subsidiary aim, 
that of an introduction to the text-books on engineering 
drawing which Mr. Binns has contributed already to the 
same series, many of the exercises being based on 
machine details and engineering components. In many 
engineering courses, the use of a separate text-book on 
solid geometry is not thought necessary, and many 
students may not feel the need for one; but others 
appear to find the subject less easy to absorb, and for 
these, wishing to supplement their classwork with 
additional study, Mr. Binn’s book should prove a useful 
guide. 


Alternating-Current Motors and Control Gear. 
A. J. Coker. Fourth edition. 
Limited, Southampton-street, 
W.C.2. [Price 7s. 6d. net.] 

Tuts book is one mm the “ Electrica] Engineer ” series, 

which is being published by Messrs. George Newnes, 

Limited, under the editorship of Mr. E. Molloy. It 

describes, in very 1 terms, the principles of opera- 

tion, methods of starting, and the speed control of 
various types of alternating-current motor, as well as 
the services for which they are most suitable. 

Although a short chapter is given on synchronous 

machines, the main emphasis is on induction motors 

of the single- and three-phase types (including split- 
phase, capacitor and commutator machines). Speed- 
torque characteristics and basic circuit lay-outs are 
briefly described with the aid of diagrams, and con- 
structional features are shown by ph phic illus- 
trations. The latter half of the book is devoted almost 
entirely to starting techniques, outlining, for example, 
star-delta and auto-transformer methods, and some 
interlocking arrangements. The book is not intended 
for the degree student, or for those wishing to under- 
stand the theory of the design and operation of alter- 
nating-current motors, but is written and is suitable 
for installation engineers, contractors and maintenance 
electricians. Consequently, the theoretical aspects are 
rather lightly touched upon, there being, for instance, 
no reference to the circle diagram. On the other hand, 
points relating to maintenance and the economical 
choice of motor are well set out, and a useful series of 
summary tables for quick reference purposes is included. 
These tables show the chief characteristics and appli- 
cations of the different t of alternating-current 
motor, classify those suitable for power-factor cor- 
rection, and state the conditions under which various 
forms of ventilating enclosure may be used. They 
also summarise the general features associated with 
different methods of starting. The illustrations and dia- 
grams are of the catalogue type, and though rather 
small in some cases, can be clearly understood. The 
book, which is of the crown-octavo size, contains some 

250 and an index. From the standpoint of the 

general reader, it might have been advantageous to 

include some references to other and more detailed 
sources of information. 


By 
George Newnes, 
Strand, London, 
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FURNACE APPARATUS. 


599,846. Firing Metallurgical Furnaces. The United 
Steel Companies, Limited, of Sheffield and G. A. V. Russell, 
of Sheffield. (1 Fig.) January 31, 1944.—This in- 
vention concerns metallurgical furnace systems employing 
producer gas as fuel and refers particularly to open-hearth 
steel furnaces of the regenerative type. Its object is to 
augment the pressure at which the gas is supplied to the 
burners of the furnace. The drawing shows a furnace of 
the conventional regenerative type in which the gas 
coming from the producer plant through conduits 31 and 
30 is supplied by way of a conduit 1 which communicates 
with an intermediate point of aconduit 2. The conduit 2, 
at one end, communicates, under control of a gas-revers- 
ing valve 3, with a conduit 4 which, in turn, communicates 
with an intermediate point of a conduit 5. This conduit 








communicates at one end with the gas chequer chamber 6, 
and, at its other end, communicates under control by 
a@ gas-reversing damper 7. with the chimney 8. The gas 
chequer chamber 6 leads to the gas uptaker 9 and thence 
to the burner 10 and the furnace hearth 11. A similar 
arrangement supplies gas to the burner 18 at the other 
end of the furnace hearth 11. The fan 29 for boosting 
the gas flow to the furnace system is situated in the 
conduit 30 between the actual gas supply conduit 31 from 
the producer plant and the conduit 1. The casing of the 
impeller of the fan 29 is arranged as part of the conduit 30. 
The impeller is driven by some suitable source of power, 
such as an electric motor 32, and is preferably capable of 
being rotated at a variable speed, so that the pressure and 
the rate of discharge of gas can be varied to suit the 
conditions. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


599,945. Lifting Jacks. Smith’s Jacking Systems, 
Limited, of London, and H. Smith, of London. (1 Fig.) 
September 25, 1945.—This invention is a hand-operated 
lifting jack suitable for motor vehicles in which opera- 
tive parts of cheap construction can be used while 
retaining durability and easy action. The jack comprises 
inner and outer tubes 10, 11, respectively, containing 
a long screw 12. The outer tube carries a spigot 13 for 
permanent or detachable attachment to a suitable part of 
a motor vehicle, such as the running board or chassis. 
The inner tube carries a foot 15 at its lower end, and at 
its upper end a nut 16 that engages the screw. The 
outer tube is attached at its upper end to a two-piece 
housing made of zinc-base die-cast alloy, divided on a 
horizontal plane and forming the parts 18, 19. The 
two pieces of the housing are each formed with half 
bosses 20, 21 over which, during assembly, annular sleeves 
22 are pressed to hold the two parts of the housing 
together. The bosses are hollow and one provides an 
oiling bole which is closed by a synthetic rubber plug 24 
which also guards the tinish of the motor vehicle against 
damage. The other hollow boss forms a journal for a 
horizontal spindle 25 which is in the same plane as that 
on which the housing is divided. The spindle 25 carries a 
driving bevel wheel 26 on its inner end and a crank handle 





27 or a suitable hexagon nut for wheelbrace operation on 
its outer end. The inner end of this spindle is Carried 
in a journal 28 formed integrally with the upper part 
of the housing which also has a vertical journal 99 
carrying the upper end of a vertical spindle 30 on which 

driven bevel wheel 31 is mounted. The bevel wheel 26 


(s99.945,) 


thus comprises a rotary meshed driving connection 
between the bevel wheel 31 and the handle 27. The 
lower end of this spindle bears in the bottom part of the 
bousing and is formed with a cup 34 of hexagonal shape 
internally but slightly larger than a driven hexagonal 
nut 35 which is attached to the top end of the screw and is 
engaged by the cup 34. (Sealed.) 


MISCELLANEOUS. 


599,936. Feeding of Cans to Sealing Machine. E. W. 
Bliss (England) Limited, R. E. Geeson, and C. W. Perkins, 
all of London. (3 Figs.) September 21, 1945.— 
This invention concerns the delivery of cans by a conveyor 
to the sealing machine. Its object is to feed the cans in 
accurately-timed relation with the star wheel of the 
sealing machine, to avoid jamming. The drawing shows 
the conveyorin plan. An endless steel band 1 is mounted 
upon end drums, one of which is shown at 2, so that the 
conveying lap lies in a horizontal plane. Cans are 
delivered to the conveyor in an oblique direction between 
laterally adjustable guides 3, 4 which extend over the 
conveyor 1, the cans seating on the conveyor by an end 
face with their axes vertical. At one side of the conveyor 
an endless travelling wall or timing chain 5 is provided, 
having an operative lap parallel to the longitudinal axis 
of the conveyor, and located over an edge of the steel 
band 1. The travelling wall 5 is provided with a series 
of regularly spaced recesses 6 which have a pitch corres- 
ponding to the pitch of the arms of a feeding star wheel 7 
to which the band 1 delivers the cans. For this purpose 
the travelling wall 5 comprises an endless chain of which 
the links 5a have greater lateral depth on one side so that 
the links 5b of lesser depth form the spaced recesses. 


(s99.936.) 


The chain is mounted upon sprocket wheels 8, 9, 10, 11, 
including a pair of guiding sprockets 8, 9 located at the 
ends of a guiding bar 12 by which the operative lap of the 
chain is maintained in a rectilinear path parallel to the 
direction of movement of the band 1. At the opposite 
side of the conveyor 1 is a frictional wall 15 which extends 
along the conveyor parallel to the operative lap of the 
chain. This frictional wall consists of a strip of rubber 16 
of suitable thickness to provide a resilient surface secured 
in an angle or channel 17 which is mounted so that it may 
be adjusted to and from the operative lap of the chain 5. 
The position of the frictional wall 15 is such that when the 
cans being fed by the conveyor 1 are properly located in 
the recesses 6 in the chain 5 they are out of contact with 
the rubber strip 16, while in the event of a can registering 
with a part of the chain of greater depth between the 
recesses 6 a resilient pressure is exerted by the rubber 
strip upon the can to cause it to roll along the chain 5 
until it enters a recess 6. (Sealed.) 
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THE DESIGN AND CON- 
STRUCTION OF THE 
ANDERSON RANCH DAM. 


By Ex.is L. ARMSTRONG. 
(Continued from page 147.) 

AN extensive investigational programme at the 
site of the dam was begun early in 1940. The work 
covered detailed topographical surveys, core-drilling 
to determine geological conditions, driving explora- 
tory tunnels at both dam abutments, and an exten- 
sive exploration, sampling, and testing programme 
to determine location, quantities, and characteristics 
of available earth-fill and concrete aggregate 
materials. Plans and specifications were issued in 
June, 1941, for the construction of the dam and 
power plant, excluding the steel penstocks and 
power units, and providing that all materials for 
inclusion in the permanent structures would be 
furnished by the Government. Tenders were 





opened on July 7, 1941, and the contract subse- 


trench can be seen stock-piled in the centre fore- 
ground and the entrance to the tunnel can be seen 
on the left. Excavation for the inlet structure 
had been started above the tunnel portal but, as 
explained in the first article, owing to the unsatis- 
factory nature of the rock, the site of the inlet 
structure was later changed to a point 200 ft. to 
the right of the portal. 

In December, 1942, an order to cease work on 
the project was issued by the War Production 
Board. This prohibited all work except that neces- 
sary to protect the work then completed. This pro- 
tective work was carried out during 1943. Because 
of the importance of supplying supplemental water 
to the Boise Valley for the maximum production of 
food to further the war effort, a modified programme 
was worked out to reduce strategic material require- 
ments to a minimum and to provide storage as soon 
as possible. This included constructing the intake 
structure to allow the regulation of the discharge by 
the emergency fixed-wheel gate, and constructing the 
upstream part of the dam ahead of the downstream 
section, in order to utilise partial storage at the 








Fic. 10. GeneraL View or Work IN 


quently awarded to a combine of the Morrison-Knud- 
sen Company, Incorporated, J. F. Shea Company, 
Incorporated, Ford J. Twaits Company, and Winston 
Brothers Company, construction contractors, on 
their bid of 9,986,203 dols., which was the lowest 
of three received. Active construction work was 
begun in August on a programme designed to com- 
plete the contract well in advance of April 24, 1946, 
the date set by the specifications for completion. 
Work was vigorously pursued by the contractor 
during the autumn and winter of 1941, and the 1942 
construction season. Labour and material shortages, 
however, hampered the work and there was uncer- 
tainty connected with the project because of the 
entrance of the United States into the war, despite 
the pressing need for the water supply and power 
that would be provided by the project. By the 
end of the 1942 season, on the basis of contract 
earnings, the contractor had completed about 
one-third of the work required. The construction 
camp and plant had been built and put into opera- 
tion, the diversion tunnel had been driven and 
lined with concrete, and the river had been diverted 
through it on May 18, 1942. Stripping of the 
overburden on the abutments had been nearly 
completed, the cut-off trench had been excavated 
and the cut-off walls and grouting at the bottom had 
been completed. The placing of embankment 
material in the cut-off trench was started on Septem- 
ber 22, and the trench was filled to about half depth 
before the snow and frosts of November caused 
suspension of operations for the winter. A general 


view of the works in 1942 is given in Fig. 10, on 
The excavated material from the 


this page. 


1942. 


end of the war. 


Storage of water in the reservoir had begun. 


changes in the original contract. 








earliest possible date. The installation of the 
spillway radial gates, the penstocks, and the per- 
manent outlet control valves were deferred. The 
programme was carried on under this plan until the 
Because of labour and material 
shortage difficulties, the anticipated date for the 
commencement of storage was not met, but 80,000 
acre-ft. of storage was made available for the 1946 
irrigation season and 130,000 acre-ft. for the 1947 
season. This aided materially in the production of 
foodstuffs in the Boise area. A general view of the 
works in 1946 is given in Fig. 11, on page 170. This 
is taken from the same point of view as Fig. 10, 
with which it may be compared. The inlet struc- 
ture, visible on the left, had been completed in 
its new position and the embankment had been, 
raised to within 90 ft. of its final crest elevation. 


By December, 1947, the dam embankment had 
been completed except for crest details, and most 
of the excavation for the spillway and outlet 
structures and the power-house had been completed ; 
70 per cent. of the reservoir had been cleared of 
timber and brush, and about 15 miles of roads 
around the reservoir had been constructed. It is 
anticipated that the spillway, outlet works, and 
power-house structures and installations, and the 
reservoir clearing and roads, will be completed during 
1949. The changes in work programme necessitated 
With the order 
to stop work in 1942, the original contract was 
cancelled, proper adjustments were made, and the 
Government assumed ownership of all equipment, 


completed on a negotiated unit-price contract. 

The work from November 15, 1943, to January, 1948, 

was done under a cost plus fixed-fee contract 

negotiated with the original contractor, and included 

reservoir roads and clearing, in addition to the work 

at the dam. Specifications were issued in December 

1947, to place the remaining work at the dam on a 

unit-price basis, and the J. A. Terteling and Sons 

Company was the successful tenderer. The com- 

pletion of the reservoir roads and the reservoir 

clearing will be handled by separate contracts. It is 

estimated that the total cost of the project, including 

the dam and appurtenant structures, generators, 

transmission lines, and reservoir costs will be about 

30,000,000 dols. 

The nearest housing facilities were located at 

Mountain Home, a distance of about 30 miles from 

the site of the dam; thus it was necessary to 

provide housing in the vicinity for most of the con- 

struction workpeople. The contractor built 115 

two-room to seven-room houses; five barracks 

buildings containing four apartments each; ten 

bunkhouses with a total capacity of about 380 men ; 
a 330-men capacity mess hall ; a women’s dormitory; 
a 12-bed hospital; a laundry; a commissary 
building containing a dry goods and grocery store, 
and recreation facilities ; a theatre; and provided 
extensive parking accommodation. A four-roomed 
school house was also constructed. These facilities 
were supplied with water, sewerage, and electrical 
systems. A permanent Government camp for 
later use by the operating personnel was con- 
structed 2} miles downstream from the dam and 
consisted of an office building, eleven four- to six- 
room residences, a dormitory, and a garage and shop 
building. In addition, 34 temporary three- and 
four-roomed residences were constructed for Govern- 
ment personnel. A steel warehouse was constructed 
for the storage of Government material. The con- 
struction plant facilities consisted of a large machine 
shop with overhead crane, a carpenter’s shop, a 
plumbing shop, an electrical shop, a blacksmiths’ 
and automobile shop, a large warehouse, a petroleum 
bulk plant, and a concrete-mixing plant and equip- 
ment. A warehouse, a cement silo, weighing equip- 
ment, a warehousemen’s residence, and yard facilities 
were provided at Mountain Home, the railhead 
shipping point. A conveyor belt was constructed for 
transporting 4} million cubic yards of material from 
Dixie Pit to the dam embankment. Elaborate 
screening plants were constructed for processing 
material from Whipple borrow area and from the 
left abutment slide area. Electric power was 
obtained from the high-tension lines of the Idaho 
Power Company near Mountain Home and necessi- 
tated the construction of 30 miles of transmission 
lines, a substation, and an extensive distribution 
system. Domestic water supply was obtained from 
springs and wells. 

To meet the construction programme, the most 
pressing work at the start of the job was the com- 
pletion of the tunnel to permit the diversion of the 
river from its channel through the embankment area. 
Excavation at the tunnel portals was consequently 
one of the first items of work undertaken. Tunnel- 
ling was started at the outlet portal, the full 24-ft. 
diameter tunnel section being driven. A double- 
deck steel portable carriage, or ‘‘ jumbo,” carrying 
nine Leyner drills, was used for the drilling. The 
carriage advanced from 10 ft. to 12 ft. for each stage 
of the work, about 50 holes being drilled. The 
rock was then blasted with 350 lb. of 40 per cent. 
gelatin powder. The average amount of powder used 
for the tunnel excavation was 2-6 lb. per cubic yard 
of rock. The disintegrated rock was loaded by a 
$-cubic yard Conway Mucker, operating on rails, 
into 5-cubic yard side-dump cars hauled by 80-h.p. 
electric locomotives. A Conway Mucker is a 
combination loader and short conveyor unit. Air 
at 110 lb. per square inch pressure for drilling was 
supplied through a 4-in. line from a compressor 
house in the shop area downstream from the portal. 
The tunnel was ventilated by two 3,800 cub. ft. per 
minute blower units and a 22-in. diameter air pipe 
supported along the side of the tunnel. 

Tunnelling at the inlet portal was started soon 
after the outlet portal operations. The upper 
half of the tunnel was first excavated, followed by 





plant and supplies. The protective work was 


the lower half. A half-face drilling “jumbo” 
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was used and the excavated material was removed 
by a }-cubic yard Mucker operating on crawler 
tracks, and was transported by dump trucks. The 
1,500-ft. tunnel was holed through 80 days after 
work started at the outlet portal, the work being 
carried forward on a full-time, three-shift basis. 
Most of the excavated material was placed directly 
into appropriate sections of the dam embankment. 

The rock encountered in the tunnel was granite 
intersected by many thick basic dikes and by 
innumerable stringers and irregular masses of 
pegmatite. The rock was extremely varied in 
composition and quality. The basic dikes encoun- 
tered were dark to black tabular masses of fine- 
grained rock, generally sound, steeply inclined ; and 
crossed the tunnel nearly at right angles. In places, 
zones of sheeted weathered rock were encountered. 
The rock generally stood well, but supports were 
placed through 70 per cent. of the tunnel, mainly 
as a safety measure. In the tunnel downstream 
from the plug section, timber framework with 
occasional lagging was placed to support the roof ; 
in the pressure section upstream from the plug, 
steel rail arches with occasional liner plates were 
used where support was considered advisable. 
Except in small localised zones, the supports were 
not under strain. Very little water was encountered. 
A view imside the tunnel, showing the timber 
supports in the downstream section, is given in 
Fig. 12, on this page. 

The concreting of the tunnel lining was planned 
so that it could be started while the driving of the 
tunnel was proceeding. In the downstream half 
of the tunnel, following along as the excavation 
work was completed, two curb sections about 2 ft. 
high and part of the finished lining, were concreted 
along each side of the tunnel. These curbs supported 
a 270-deg. arch section steel form, 40 ft. in length. 
The final clean up and concreting of the invert 
was done last. In this way, the rail line in the 
downstream reach of the tunnel was left in place 
during concreting, which enabled excavation work 
to proceed in the upstream section. The upstream 
half was concreted by placing a 60-deg. invert 
section first, and then the 300-deg. arch section 
using steel forms 60 ft. in length. The steel forms 
were of the two-hinge type and were supported 
and carried forward on special steel carriages. 
Concrete for the lining was mixed at a concrete 
plant downstream from the outlet portal and 
most of the arch concrete was placed by means 
of pneumatic guns. The invert and curbs were 
placed from agitators mounted on mine cars and 
by the use of Pumpcrete machines. The latter 
were also used for placing some of the arch concrete, 

The unfilled spaces remaining above the arch, 
after the concreting was otherwise completed, were 
filled with sand and cement grout placed by means 
of “ pressure pots” using a maximum pressure of 
30 lb. per square inch. A mix of 2} parts of sand 
to 1 part of cement was used in most of this work. 
The group was placed through 2}-in. holes drilled 
through the concrete lining at locations determined 
from a study of the tunnel rock profile and the 
observation of cavities above the arch during con- 
creting operations. These holes were spaced 10 ft. 
to 20 ft. apart and pipes were placed in most of 
them extending into the cavities to within 2 in. 
of the rock, A total of 16,327 cub. ft. of grout 
was placed in the arch, the largest quantities in the 
timber-braced sections and the smallest in the 
sections that were unsupported. Later pressure 
grouting of the rock surrounding the tunnel indi- 
cated that most of the cavities were tightly filled 
by the sand-cement grout. 

The revised location of the tunnel intake structure 
was down the rock point upstream from the left 
abutment of the dam. This point was of hard 
granite and provided the most satisfactory rock at 
the site. Excavation for the structure began at 
dam crest level and worked down the slope, a 
vertical distance of about 240 ft., to the inclined 
tunnel portal level. The depth of cut averaged 
about 25 ft. with a maximum of 80 ft. at the 
bottom. The rock was carefully drilled, blasted, 
and excavated in benches to conform to the structure 
dimensions. 

The 22}-per cent. slope of the inclined tunnel 
presented difficulties. The full tunnel was driven, 
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using @ full-face drilling “jumbo,” and the loose 
material was excavated by a Mucking machine 
rebuilt to operate on the slope. The machine 
travelled on rails and the material was transported 
by mine cars. All equipment operating in the 
tunnel was counterbalanced on the slope by cables 
passing round pulleys and fastened to mine cars 
loaded with steel scrap and operating up and down 
a steep incline at the tunnel portal. Motive power 
was provided by an electric cable hoist. Only two 
short sections of the tunnel required any support, 
and then mainly for safety. The invert of this 
tunnel was concreted first, using a slip form pulled 
by a cable from the tunnel portal. A 300-deg. 
arch steel form, of the two-hinge type, was used to 
form the side wall and arch concrete. The concrete 
was mixed at the concrete plant, transported to the 
inclined tunnel portal in agitator trucks, and placed 
by a Pumpcrete machine located at the portal. 

Construction of the intake structure, involving the 
placing of 14,300 cubic yards of concrete, was a 
difficult undertaking because of the height of the 
structure and the steepness of the slope. Materials 
were handled by constructing two guy derricks 
along the slope, each with 110-ft. jibs. Fig. 14, 
on page 180, shows the inlet in ‘process of con- 
struction, and Fig. 13, opposite, shows the inlet 
structure nearing completion and the trash racks 
being placed. After the structure was completed 
and the fixed-wheel bulkhead gate installed, 
the flow through the diversion tunnel was blocked 
off by means of a heavy timber bulkhead supported 
against the upstream end of the tunnel lining and 
by three 36-in. steel beams set in recesses formed 
in the lining. The lower part of the bulkhead con- 
sisted of a hinged “‘ flap-gate,”” which was held in 
position by steel cables until final closure was made. 
The flap-gate did not close tightly, but most of the 
leakage was stopped by placing straw and rock 
backed by soil against the upstream end of the 
bulkhead. Fig. 15, on page 180, shows the bulk- 
head in place and preparations being made to lower 
the flap-gate to shut off the flow of the water 
through the diversion tunnel. 

After closing the upstream end of the tunnel, 
construction of the tunnel plug at the intersection 
of the inclined outlet and the diversion tunnel was 
begun. A 13-ft. thick section of the plug was 
placed first, using quick-setting concrete. Leakage 
past the flaps gate was by-passed through this 
section by pipes. Valves at the downstream side 
of these pipes were closed and the water shut off 
before concreting the rest of the 80-ft. plug. Com- 
pletion of the plug and the intersection of the 
tunnels was a difficult and complicated procedure, 
particularly so because of water seeping through 
the rock at the elbow section owing to the reservoir 
pressure. The joint between the tunnel plug and 
the original lining was grouted with cement and 
water under pressure through grout outlets installed 
in the joint at the time of concreting. The rock 
surrounding the tunnel from the intersection with 
the plug at the upstream end of the 15-ft. diameter 
penstock was grouted through rings of diamond- 
drill holes ; the rings, each consisting of six holes, 
were located 20 ft. apart along the tunnel. These 
holes were 30 ft. to 150 ft. deep, the deeper holes 
being at the plug section at the beginning of the 
penstock. They were directed to intersect the 
abutment grout curtain, which was placed from the 
surface. The steel penstock is being fabricated on 
the site and its installation was begun in January 
last. Immediately after the diversion of the river, 
the excavation of the river-bottom material. was 
begun and work on the cut-off wall trench put in 
hand. A view showing the latter work in progress is 
reproduced in Fig. 16, on page 180. 


(To be continued.) 





SYNTHETIC BOARDS AND PLywoops EXHIBITION.— 
Some 400 samples of boards and plywoods, both flat and 
formed, including plastics, laminates and boards made 
from waste products bonded by synthetic resins, will be 
on view in the Council of Industrial Design’s new exhibi- 
tion hall in Murray House, which adjoins Tilbury House, 
Petty France, London, 8.W.1, from October 18 to 31. 
The exhibits have been collected with the assistance of 
trade associations and the research organisations of 
individual firms. 














LITERATURE. 


The Physics of Drying in Heated Air, with Particular 
Reference to Fruit and Vegetables. Department of 
Scientific and Industrial Research. Food Investiga- 
tion Special Report No. 53. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Price 
1s. 0d. net ; by post, 1s. 2d.] 

TuE Food Investigation organisation of the Depart- 

ment of Scientific and Industrial Research was set 

up in 1917 to cover the broad field of research on the 
properties and behaviour of foodstuffs between pri- 
mary production and ultimate nutrition. The Low 

Temperature Station at Cambridge deals with meat 

and other animal products, and with fruit and 

vegetables. Fruit and vegetables, however, are 
dealt with at the East Malling Station on a larger 
scale than at Cambridge, and problems relating to 
fish are investigated at Aberdeen. There are also 
two small laboratories in London, at the Covent 

Garden and Smithfield markets, to maintain contact 

with day-to-day problems in the handling and 

marketing of fruit and meat, respectively. 

The drying of fruit and vegetables has been 
practised for centuries, but war-time conditions, 
and, in particular, the expansion of the dehydration 
industry, produced a demand for data in order that 
the process might be put upon a more exact basis. 
Some work has been carried out on the subject in 
America, and the results are in general agreement 
with those of the present investigation, but English 
fruits have a higher moisture content than, for 
example, those of California. The report describes 
tests with a number of English fruits and veget- 
ables dried in air under various conditions of tem- 
perature, humidity and velocity. In this country, 
vegetables are usually dried commercially by air 
passing over the layers, and fruit by air passing 
through the layers, and the main investigations 
followed this pattern. The standard methods of 
test involved weighing of the samples at intervals, 
and the results are presented in the form of graphs 
and tables. 

The effect of the thickness of the layer was 
studied for both methods of drying, and, for veget- 
ables ; and the effects of variations in the size and 
construction of the trays were also examined. 
Values were established for the resistance to air flow 
of layers of fruit of various thicknesses. The research 
was confined to drying by means of heated air, and 
the report remarks that, while high initial rates of 
drying in cold air may be attained with infra-red 
radiation, the long slow period of final drying is not 
reduced. A discussion of relative energy consump- 
tion would have been interesting. The report covers 
the fundamental physics of the subject, and will 
greatly assist in the design and operation of efficient 
hot-air drying plant. While the results are of 
primary application to fruits and vegetables, they 
may be extended to the treatment of other heat- 
sensitive materials. 





Elements of Railroad Engineering. By the late WILLIAM 
G. RayMOND, PROFESSOR HENRY E. Rices and 
PROFESSOR WALTER C. SADLER. Sixth edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 5 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 30s. net.] 

Tuts is the sixth edition of a book which was first 

published 40 years ago. It has been revised, and 

embraces the whole field of railway engineering, 
including the permanent way; bridges, culverts, 
etc.; marshalling yards; signalling; steam, 

Diesel-electric and electric locomotives; the con- 

struction of new railways ; and the improvement of 

existing lay-outs. It is obviously impossible, in a 

book of rather over 400 pages, to cover fully all these 

branches of the subject, but the authors appear to 
have had two principal considerations in mind: 
that their work will be read by students of railway 
engineering (although experienced engineers will 
doubtless glean some information of value from its 
pages); and that railway engineering must be con- 
sidered in relation*to the commercial and operating 
factors. Thus, the first few chapters deal with “ the 
railroad industry,” one of which, however, is on 
inland waterway transport. The chapters on loco- 
motives are concerned mainly with power, tractive 





effort, and train resistance, and not with the design 
of engines, although there are brief descriptions of 
typical Diesel-electric locomotives. A reader in 
this country, seeing a chapter on “streamlined 
motive power,” will be disappointed to find that 
streamlined, in this context, embraces almost every 
factor that improves railway services, and that 
there is very little about streamlining per se. On 
page 253 it is stated that: ‘‘ The larger the dia- 
meter of the wheel, the less the shearing stress im- 
parted into the rail, due to the better distribution of 
load from the larger diameters. The relationship 
between diameter of wheel and resulting critical 
stress is somewhat complex, but it approximates 
[to] the ratio of 1 to 2. Thus, if at a designated 
speed a given load gives a critical stress for a 30-in. 
wheel, a 60-in. wheel could safely carry two times as 
large a load.” The “‘ ratio of 1 to 2” is misleading, 
but even if that be ignored, the data given in the 
last sentence can only mean that, within certain 
limits, the shearing stress in the rail is inversely 
proportional to the wheel diameter. The reader 
need not, however, be deterred by these comments ; 
if he is accustomed to British railways, his outlook 
will be broadened by a critical study of the book. 





Fuel and the Future. Proceedings of a Conference held 
in London in October, 1946. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Vols. I and 
II, price 6s. each (6s. 6d. including postage); Vol. IIT, 
price 3s. 6d. (3s. 10d. including postage).] 

THESE three paper-covered volumes, royal 8vo size, 

with an aggregate of 955 pages and a weight of over 

3} lb., embody the proceedings of a Conference held 

in October, 1946, under the auspices of the Ministry 

of Fuel and Power to discuss questions relating to 
the various uses of fuel. The Conference, with 
which we dealt in a leading article at the time, took 
place in the days when Mr. Emmanuel Shinwell was 
still at the head of the Ministry concerned, and 
before the nationalisation of the mines had become 
effective or the subsequent breakdown of coal 
supplies had brought home to the public the state of 
affairs in the industry. It lasted for three days, 

and a total of 179 papers were presented in the 28 

technical sessions held by the eight sections into 

which the Conference was divided. The first of the 
present volumes covers the work of three of the 
sections which dealt, respectively, with ‘‘ Steam 

Generation,” “‘ Steam Utilisation,” and ‘“‘ Heat for 

Drying.” Under these headings the use of fuel in 

agriculture and horticulture is included. The 

second volume covers the next three sections, deal- 
ing with ‘“‘ High Temperature Processes,” “‘ The 

Carbonisation and Chemical Industries,” and 

‘Special Industries” such as railways, potteries, 

pit-head operations, etc. The third volume is 

concerned mainly with domestic uses of fuel and 
schemes for district heating. At the end of each 
section there is a brief summary, usually by the 
chairman, of the conclusions arrived at; but these 
amount to hardly more than a recapitulation of 
obvious and well-known truths. The papers them- 
selves, in general, are much too short to contain 
more than a sketchy treatment of their subjects, 
and, though some of them are quite interesting, it is 
doubtful whether they would add much to the 
knowledge of a person already familiar with the 
topic discussed. Furthermore, as there is no index 
to any of the volumes, a considerable amount of 
searching is required to discover whether any par- 
ticular point has been dealt with in the papers or 
discussions. It seems most probable, therefore, 
that the record of the Conference will make its 
greatest appeal to those who took part in it, and who 
wish to have a reminder of what they or others said 
on that occasion. It also enables a comparison to 
be made between the outlook at that time and the 
realities of the present. The object of the Ministry 
in promoting the Conference was, no doubt, entirely 
praiseworthy, though engineers do not need confer- 
ences to tell them the conditions requisite for effici- 
ency in the use of fuel. The greatest need at present 
is for a better and more uniform quality of the 
substances provided for them to burn, and a suffici- 
ent freedom and confidence to enable them to make 
such improvements to their plants as they know to 


be necessary. 
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COUNTERBALANCE TESTS 
ON AMERICAN HIGH-SPEED 
LOCOMOTIVES. 


(Continued from page 150.) 


THE original intention as regards the programme 
of the investigation was to test four locomotives, 
comprising the following wheel arrangements: 
4-6-2, 4-6-4, 4-8-2 and 4-8-4. Owing to war-time 
demands on motive power, however, it was not 
possible to obtain the 4-8-4 locomotive, but the 
other three were lent for test by three different 
companies. In chronological order, the first loco- 
motive tested, in August, 1941, was a Mountain 
type, 4-8-2, engine and eight-wheeled tender of the 
Illinois Central Railroad, for which the following 
particulars are listed since they have a bearing on 
the test results :— 


TABLE I.—4-8-2 Illinois Central Railroad Locomotive 
No. 2400 in Working Order. 








Engine. Tender, 
~~ . bogie — Eight wheels .. 36 in. dia, 
wheels .. 33 in, dia. : P ‘ 
Coupled wheels 73} in. dia, | Wheelbase .. 24 ft. 2 in. 
Trailing wheels 44 in, dia. Weight - 204,000 Ib. 
Coupled wheel- Water .. . 10,000 gal- 
rT 19 ft. 6 in, lops 
verall wheel- 
base .. .. 42 ft. 3 in, oe - oo 
Weight on 
asalgteat 20 | compete Locomotive 
Mean reciprocat- . . Overalllength 88 ft. 4} in. 
_ing weight .. 1,946 Ib. Maximum height 15 ft. 94 in. 
Two cylinders. . * > Total weight .. 566,500 Ib. 
troke. | Tractive effort.. 60,480 Ib. 
Boiler pressure 225 Ib. per Factor of adhe- 
q. in, | sion .. -- 4-02 





This locomotive, in its original condition, had 
conventional heavy revolving and reciprocating 
parts and was equipped with Walschaert-valve gear, 
a “* Commonwealth ” four-wheel leading truck with 
40-per cent. constant resistance, and a ‘‘ Common- 
wealth Delta” two-wheel trailing truck, having 
20-per cent. constant resistance. 

The experimental programme for this locomotive 
comprised four series of trials, covering a succession 
of counterbalance conditions, and each conducted 
at low, diameter and high speeds. For the first 
series, the engine was fitted with a pair of the 
spoke-type straight-balanced main drivers with 
which this class of locomotive was originally built. 
Nominally, 55 per cent. of the reciprocating weight 
was balanced, divided equally among all the 
coupled wheels, the scale weights of the coupling 
and connecting rods on the several crankpins being 
considered as their respective revolving weights, 
while one half of the scale weight of the eccentric 
crank was included in the mass revolving on the 
driving crankpin. The calculated unbalance com- 
ponents and their resultants (the dotted lines) 
are shown diagrammatically in Fig. 3, opposite. 
The locomotive was modified for the second trials 
in accordance with the standard practice of the 
[llinois Central Railroad prevailing at the time. 
This balancing provided 40 per cent. reciprocating 
compensation, straight balancing in non-driving 
coupled wheels, and partial cross-balancing of the 
main drivers such that the angular position of the 
balance weights was determined by assuming trans- 
fer of only two-thirds of the cross-component or 
out-of-plane effect. This procedure led to a 
counterweight angle of about 4} degrees in both 
main drivers. For the third trials, the reeiprocating 
compensation was reduced to 22 per cent., equally 
divided among all the coupled wheels, while the 
main drivers were cross-balanced to a modified 
extent which led to equal calculated values of the 
dynamic augment in each driving wheel. Finally, 
for the fourth set of tests, perfect dynamic revolving 
balance in all wheels, combined with no reciprocat- 
ing compensation, was achieved as closely as possible 
by means of 15 auxiliary balance weights. Com- 
parison of Fig. 3 with Fig. 4, opposite, enables the 
final condition to be contrasted with the original 
state of this class of locomotive, while Table II, on 
the opposite page, summarises the balancing details 
of the four conditions tested and presents the com- 


which was the average of the high-speed runs 
throughout the four series of trials. 

Noteworthy features of Table II are the large 
values of resultant unbalance in the left-hand main 
driving wheels in test series 1 and 2, and the pro- 
gressive reduction of dynamic augment through the 
series, with an accompanying increase of fore-and- 
aft shaking force and (in general) of nosing couple. 
Actually, there is a slight decrease of nosing couple 
in series 2 as compared with series 1, attributable to 
the cross-balancing of the main drivers. On the 
whole, the increase of nosing moment due to a 
large change in reciprocating compensation is no 
more than moderate. By contrast, the maximum 
calculated fore-and-aft forces at a given speed 
increase in almost direct proportion to the increase 
in reciprocating unbalance. It will be realised, of 
course, that all three items of disturbing force— 
dynamic augment in driving wheel loads, fore-and- 
aft shaking force, and force associated with nosing 
couple—are cyclie in character, and range by about 
equal magnitudes above and below zero during each 
revolution of the driving wheels. Consequently, 
the range through which each disturbing force 
varies is only slightly less than twice the maximum 
values given in Table II. Nevertheless, as regards 
the general riding qualities of the locomotive, it 
was the concensus of opinion of observers in the 
cab during the tests that there was no significant 
difference in riding during the first, second and third 
series of tests. Riding conditions in the fourth series, 
with zero reciprocating compensation, were definitely 
inferior to those for the other three series. Con- 
siderable vibration was felt at high speeds, and a few 
of the fixtures in the cab shook loose, though none 
actually broke off. 

In the discussion of the conclusions drawn from 
the tests on Illinois Central Locomotive No. 2400 it 
is convenient to consider successively the results 
obtained from the instruments mounted on the 
engine, and from the gauges measuring vertical and 
lateral forces on the rails. With regard, first to the 
accelerometers, a good many difficulties were en- 
countered, notably as a consequence of viscosity 
changes in the damping fluid due to variations of 
temperature both in the atmosphere and on the 
engine. The measurement of accelerations at the 
top of the smokebox, indeed, had to be abandoned 
as impracticable on account of the excessive heat. 
At the measuring points on the engine frame, the 
accelerometer records showed cyclic variations in 
the vertical, lateral and fore-and-aft directions, 
associated with each revolution of the coupled 
wheels. For the conditions of the engine during 
the third and fourth series of tests, accelerations at 
the front and rear ends were of about the same 
order of magnitude, rarely exceeding 0-5g. at a 
speed of 91 miles per hour. A comparison between 
the fore-and-aft disturbing forces, based, respec- 
tively, on the analysis of the reciprocating masses 
and on the measured acceleration ranges, in each 
case on the assumption that such forces act on the 
mass of the engine only and not on the mass of the 
tender, gave results that were of the same order, 
but not in close agreement. Between series 3 and 4 
of the tests, the only modification of the locomotive 
was the removal of the 15 auxiliary balance weights 
mentioned earlier, and extraneous factors were 
thereby minimised. The consequent change of longi- 
tudinal acceleration range was from 0-7g. to 1-lg., 
according to the accelerometer records, correspond- 
ing, respectively, to fore-and-aft force ranges of 
263,000 Ib. and 413,000 Ib. These values compare 
with ranges of 310,000 Ib. and 398,000 lb., calculated 
from the analysis of the dynamics of the locomotive 
for series 3 and 4. It will be appreciated that the 
maximum analytical values, cited in Table II, oppo- 
site, are rather more than half the range. 

Stresses measured at high speed in the main 
driving-wheel axlebox gap stays (“‘ pedestal binder ” 
is the American term for these components) were 
relatively small, none exceeding 3,500 lb. per square 
inch while a large majority were under 2,000 lb. per 
square inch. Variations of these stresses among the 
four conditions of test were consequently insignifi- 
cant, and otherwise revealed no features of interest. 
Stresses in the pedestals themselves, that is, the 





puted maximum disturbing forces at 92 m.p.h.' 


vertical rib of the bar frame which carries the 
axlebox guides, were also small throughout most of 


Aa Ee. 


a wheel revolution, but rose to peak values in the 
region of 5,000 Ib. per square inch tension. Ap 
interesting characteristic of the cyclic stress varig. 
tion was that the right rear and left front pedesta] 
stresses both showed peak tensile stresses, indicat 

a clockwise twisting of the main driving axle at 
a right crank position (right-hand crank leading) 
between 120 deg. and 150 deg. from the front dead 
centre. Similar peak stresses indicate a counter. 
clockwise twist of the axle between 330 deg. and 
360 deg. These critical crank positions agree with 
those at which the maximum clockwise and anti. 
clockwise nosing couples were calculated to occur, 
Evidently, therefore, at about 90 miles per hour, 
the peak stresses in the main driving axlebox 
guides are due to the inertia of the reciprocating 
mass. 

In the case of lateral forces on the engine frame, 
no relation could be traced between the force 
records and the rotation of the coupled wheels, 
All lateral blows great enough to be of interest 
occurred in random relation to crankpin position, 
and it proved impossible to relate them usefully 
to the different balancing arrangements. There 
was, admittedly, a definite tendency for the heavier 
lateral blows delivered by the right-hand main driv. 
ing wheel to diminish in frequency as the reciprocat- 
ing compensation was reduced from the maximum 
proportion of 56 per cent. in series 1, to zero in 
series 4. The left-hand main driver showed the 
same tendency to a less extent, but, on the other 
hand, showed an increased frequency of small 
lateral blows as reciprocating compensation was 
reduced. In view, however, of the difficulty and 
expense of determining lateral force with weight- 
bars—out of all proportion to the meagre results 
obtained—these measurements were not made on 
any of the other locomotives tested subsequently. 

Cylinder steam pressures, recorded by oscillo- 
graphy with respect to time or distance, were con- 
verted into indicator diagrams of the conventional 
form by plotting the recorded values at 15-deg. 
intervals against corresponding piston positions. 
The data obtained from these indicator diagrams 
are summarised in Table III, opposite. The 
indicator diagrams were used for determining the 
steam thrust along the connecting rods, the vertical 
component of which contributes to the force applied 
to the rail, while the horizontal components influence 
the stresses in the frame. An alternative method 
of determining connecting-rod thrusts was available 
from the records of strain measurements by gauges 
mounted on each side of the connecting-rod web, 
the known cross-sectional area of the fluted rod 
being 13-8 sq.in. The cyclic variations of thrust in 
the connecting rod, throughout a driving-wheel 
revolution, are of sufficient interest to justify the 
reproduction of the typical curves, plotted in 
Fig. 5, opposite, which relate to the condition of 
the locomotive working under steam at 83 miles 
per hour. The full line shows the thrust calculated 
from the indicator diagram for the right-hand 
cylinder, and the analytically determined inertia 
forces of the reciprocating masses. The dotted 
curve shows the force in the right-hand connecting 
rod, based on the measured stresses. The two 
curves are in reasonably close agreement, and 
indicate that there are no considerable vertical forces 
exerted upon the main driver by the main connect- 
ing rod other than those that can be explained by 
inertia of the reciprocating masses and the steam 
pressures on the piston. 

Since the stresses induced in the base of the rail 
are due to the combined effects of static loading 
and dynamic forces, it is useful to look for a moment 
at the average values of rail stress measured during 
the passage of the various wheels of the locomotive 
at 5 m.p.h., which may be considered a low enough 
speed for dynamic effects to be negligible. In 
Table IV, opposite, these values, for the trailing 
and coupled wheels at each side of the engine, are 
shown in relation to the scale weight distribution 
of the wheels with the engine in working order, 
and compared with the static rail stresses calculated 
on the assumption, mentioned earlier, that the rail 
is a continuous flexible beam, elastically supported 
on a track of known modulus. While some disparity 
between measured and calculated values of stress 





is not unexpected, the agreement is not very close, 
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COUNTERBALANCE 


TABLE II.—ILLINOIS CENTRAL RAILROAD 4-8-2 LOCOMOTIVE 
Diameter of Coupled Wheels = 73} in. Crank radius = 14 in. 


| 
| 
| 
} 
| 
} 








Test Type of Type of | 
Series Counter- Main Driving- 
No. | balancing. | Wheel Centres. | Right Crank 
| (Ib.) and 
| Effective 
Counter- 
| | balance 
Angle. 
| | | 
j : 
1 Straight-balanced Spoke, straight- | 397 
| balanced 0 deg. 

2 1.0.R.R, standard | Web-spoke, 300 
practice | ross-balanced | 4 deg. 38 min. 

| 

3 Modified  cross- | Web-spoke, 87 
balance. Equal cross-balanced | 3 deg. 14 min. 
overbalance in | 
main drivers , 

4 Modified cross- | Web-spoke, | — 28 
balance for re- cross-balanced | 4 deg. 27 min. 
volving weights. 

No reciprocating 


| compensation | 
| 






...1000 Lb 


Rod 
Tension 


From Steam Pressure | 
Reciprocating Inertia ~ 


Strains 


ng R.H.Con 
i) 


Compression 


Force Alo 


Cc from 
Front Dead Centre... Degrees 


(e371¢) 


especially in the case of the rail stress under the 
trailer carrying axle. The comparison indicates 
that the main driving axle was taking a somewhat 
larger proportion of the total weight than appeared 
from the scale weighing results. 

When the locomotive is travelling at considerable 
speed, the out-of-balance forces, or dynamic aug- 
ment, in each coupled wheel applies to the rails 
during each revolution a cyclic variation of load 
which is proportional to the square of the speed and 
is superimposed on the static wheel load. Additional 
random fluctuations arise from impacts at imper- 
fections of the rail surface, vibration of the loco- 
motive on its springs and other secondary agencies. 
The investigators did not attempt to take such 
effects into account, but in the case of the main 
driving wheels they did include calculated values 
for the vertical component of the thrust in the 
connecting rods, transferred to the plane containing 
the counterbalance masses. Analysis of the test 
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conditions along these lines produced sinusoidal 
curves showing the calculated value of stress in 
the base of each rail as a function of crankpin 
angle. Despite a good deal of scatter in the measured 
values of rail stress, due to the random effects cited 
above, it was feasible to compare the measured 
and calculated rail stresses for each wheel of the 
locomotive, at two speeds of travel, respectively, 
about 73 m.p.h. (diameter speed) and 93 m.p.h. 





| Mean Calculated Maximum 
ee ————— Reciprocating Disturbing Forces at 92 m.p.h. 
Main Drivers. | All Coupled Wheels. Venenaees. 
} | | Dyasate | 
| | | Augment. 

Left Crank | Per cent. Lb. per |— ” | Fore-and- ss 
Ciiective Mean Right Left Mean = | Side per Main Drivers. | antties Cougte ta 
Counter- (ib). | Comnks | Crests | Gb). | Compen- | > | Tomot ~ | | 
balance ). 9 sation Weight - (Working) a 

Angle. (Actual). ‘| Right | Left (Ib.). (Ib.). 
| (Ib.). (Ib.). | 
! | 
on ae fale ) aes ry ery ee | 
, ~ 312 | 1,178 | 1,008 1,093 56-2 853 4°55 | 11,800 | 27,900 94,200 132,800 
0 deg. | | } | | 
| | | | 
132 216 | 884 717 800 41:1 =| 1,146 6-11 | 6,400 | 18,100 | 122,600 | 130,800 
4 deg. 33 min. | | | | 
| | | | | | | 
61 74 434 406 | 420 21-6 1,526 | 8-14 | 4,200 4,300 | 161,100 | 144,000 
8 deg. 10 min. | | | 
| 
-2s | -27 | -27 | -27 | -1-4 | 1,046 | 10-38 100 | 2,700 | 204,700 | 149,800 





TABLE III.—4-8-2 1.C.R. Locomotive No. 2400. 





| | Mean- 
































' | Indicated | 
. Working Effective 
Speed. or Pressure | Tractive | yp. 
_ Drifting. Lb. per Lb 
8q. in. : 
20 Working 5s 127 37,450 | 1,980 
40 ipa 4 23,300 2,460 
77 | ao i 15-2 4,480 910 
78 | Drifting | —8-9 —2,630 —540 
83 | Working ..| 42 12,400 2,720 
92 ou sal 12-7 3,750 910 
| 
TABLE IV.—I.C.R. 4-8-2 Locomotive No. 2400: Static 
Stresses in Base of 100 lb. per yard Rail. 
, | | Inter- 
Wheel. Trailer. | Rear. mediate. Driving. | Leading 
| | | 
| | 
Right-hand 
Side: 
Scale load on 
wheel (Ib.) 32,670 | 32,270 | 30,370 | 29,550 | 30,270 
Average meas- | 
ured rail | | | 
stress (Ib. per | | | 
& in.) -.| 13,500 13,100 | 10,800 | 11,200 | 12,500 
culated rail | | 
stress (lb. per | 
sq. in.) .| 18,100 | 14,570 | 10,890 | 10,160 | 12,550 
Ratio: - t | | 
Measuri | | 
Calculated 0-75 0-90 0-99 1-10 1-00 
| | 
Left-hand | 
Side : 
Scale load on | | 
wheel (Ib.) | 31,390 | 32,200 | 32,490 | 30,350 | 34,200 
Average meas- | | | 
ured Tail | | 
stress (Ib. per } } 
é& in.) ..| 15,100 |; 12,700 | 10,900 | 11,100 | 12,500 
culated rail } | | | 
stress (Ib. per | | | 
8q. in.) 17,360 | 14,330 | 12,020 | 10,010 | 15,110 
Ratio : | | | 
easured =| o.g7 | o- : PY ge 3 
calsalated 0-87 | 0-89 | 0-91 | 1-11 | 0-83 





typical graphs and observation points for the four 
coupled wheels on the left-hand side of the engine, 
reproduced in Fig. 6, herewith. All four diagrams 
relate to the first series of tests, for which, it will 
be recalled, the engine had the greatest proportion 
(56 per cent.) of reciprocating balance ; and to the 
same high-speed range, from 90 m.p.h. to 96 m.p.h. 
The sinusoidal full-line graphs represent the 
fluctuating total wheel load, including dynamic 
augment, while the dotted curve for the main driving 
wheel shows the total effect, including the vertical 
component of connecting-rod thrust. 

The scatter of the measured rail stress values, 
as will be noticed, is quite large, relatively to the 
cyclic range of stress, even under the conditions 
of greatest dynamic augment. For the second, 
third and fourth test series, and at lower speeds, 





This instructive comparison is illustrated by the 


the scatter of the observation points is often as 
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great, sometimes much greater, than the cyclic 
range of stress. On the whole, however, the con- 
cordance between measured and computed rail 
stresses was considered to be very satisfactory for 
the front, intermediate and rear coupled wheels. 
The agreement was not so close in the case of the 
main driving wheels. Nevertheless, the stress 
diagram for the left-hand driver, reproduced in 
Fig. 6, clearly indicates the transfer of the cross- 
component, that is, the out-of-plane effect; for, 
otherwise, the maximum rail stress would occur at 
the 360-deg. crankpin position instead of at 270 deg., 
as may be fairly deduced from the observed values. 
Under conditions such as those relevant to Fig. 6, 
where the revolving unbalance is large, the ampli- 
tude of measured stress change also compares 
reasonably well with the calculated amplitude ; and, 
while agreement is not strikingly good when the 
out-of-balance is small, it may be pleaded, from the 
practical standpoint, that wheels so balanced do 
not give rise to serious cyclic vertical bending 
stresses in the rails. 

The rail-stress results for tests at diameter speed, 
that is, about 73 m.p.h., showed smaller amplitudes 
of stress range, as was to be expected, but otherwise 
were consistent with those for the high-speed runs. 
Diameter-speed tests were made both with the 
engine drifting and steaming, but no appreciable 
differences in the measured stresses under the main 
driving wheels could be related to those two condi- 
tions of operation. 

The most important consideration, from the 
standpoint of potential rail damage, was considered 
to be the amplitude or range between the mean 
maximum and mean minimum rail stresses. To 
present these data as compactly and instructively 
as possible, Fig. 7, herewith, has been prepared to 
show graphically the ranges between mean maxi- 
mum and mean minimum rail stresses deduced by 
establishing centroidal curves through the measured 
values. The corresponding analytical stress ranges 
are indicated for comparison by plotted points 
joined by full lines. From these diagrams, 
which relate to tests at the highest speeds, and 


TABLE V.—I.C.R. 4-8-2 LOCOMOTIVE No. 2400. 


(All values are Ib. per square inch tension.) 


cover a considerable range; and the same was 
found to be the case during a single test run. 

The spring arrangements of this engine were such 
that the coupled wheels were equalised with the 
trailing truck; hence a considerable proportion of 
the variation of rail stress under the trailing wheels 
was attributed to the effects of rolling and lateral 
swaying of the engine, as well as to variation of the 
sprung load on the trailing truck due to varying 
vertical dynamic forces in the coupled wheels. 

The average maximum lateral forces imposed on 
the track by the trailing wheels in high-speed opera- 
tion exhibit the interesting characteristic of being 
practically zero to the right-hand side of the engine, 


Fig.7. 


Test 
Series 1 2 


M.P. 90-96 90-94 
Wheel RiitewivyiPnRiy 


Stress, 1000 Lb. per Sq.In. 


(937'.e) 





AVERAGE MAXIMUM AND MINIMUM RAIL STRESSES UNDER 
TRAILING WHEFLS. 





Percent. | Aver 
Reciprocating | Speed | 


Right Trailer. 





Compensation, | m.p.h. 


Max. | Min. | Range. 


| Left Trailer. 
| 

\| 

iH 


Max. | Min, | Range. 





20,800 
20,200 
16,300 
15,200 | 


18,800 





Engine Steaming at High Speed. 


Engine Steaming at Diameter Speed. 


10,200 
9,700 


11,500 
11,700 
8,800 
8,300 


18,000 
16,700 
18,400 
18,900 


17,200 
17,000 
17,800 
18,900 


8,600 
10,200 
7,400 
5,600 





| 








therefore represent the worst conditions as regards 
range of rail stress due to counterbalancing the 
reci ting masses, it can be seen at a glance 
that the condition of series 2 tests led to some 
improvement as compared with series 1, and that a 
quite marked additional improvement followed the 
adoption of only 22 per cent. reciprocating balance 
in series 3. Between series 3 and series 4 there 
was little further change. The maximum measured 
rail stresses, amounting under the main driving 
wheels to over 20,000 lb. per square inch, were 
undoubtedly severe, but were not regarded as 
excessive. 

It is interesting, and somewhat unexpected, to 
find that the stresses in the base of the rail measured 
under the trailing wheels approach the same magni- 
tude as the stresses under coupled wheels. The 
trailing wheels were purely carrying wheels, nomi- 
nally in perfect balance, and, according to calculation, 
the stresses under them should be only slightly 
influenced by the amount of overbalance in the 
coupled wheels. From the maximum and minimum 
values summarised in Table V, however, it is appa- 
rent that, at diameter speeds as well as at the highest 





speeds of the locomotive, the measured stresses 


but quite large towards the left, where they range 
from 6,900 Ib., in the second series of tests, up to 
8,600 Ib. in the fourth series. The value for the first 
series, however, was almost as great (8,500 Ib.) and 
it may be noted that the test conditions of the fourth 
series, when the engine had no reciprocating balance, 
were found to give rise to the greatest transverse 
forces on the rails. Thus, the rear coupled wheels on 
the left-hand side of the engine produced the 
maximum average lateral force of 12,500 lb., while, 
to the right-hand side, the maximum average value 
was 7,400 lb., due to the main driving wheel. On 
the whole, lateral forces were consistently greater 
to the left hand than to the right at high speed, and 
the results yielded no definite relation between 
lateral force and cyclic variation of the nosing 
couple. Indeed, no connection could be traced 
between lateral force and crankpin position, except 
in the case of the main driving wheels, which showed 
the rather interesting feature of a double lateral 
oscillation for each revolution the amplitude of the 
variation or range of lateral force decreasing from 
the test conditions of series 1 (56-per cent. reciprocat- 
ing compensation) to those of series 4. The explana- 
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Right Hand (} 
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ciated effects is based on the change of verticg| 
loading of the two driving wheels during cag} 
revolution. The depression of the wheel and raj] 
due to this cyclic vertical force, causes the coned 
tread of each driving wheel in turn to make contagt 
with the rail at a different lateral position. Thyg 
each driving wheel runs so that its effective treaq 
diameter is continually increasing and decreasi 

slightly, causing each driver in turn to run ahead 
or lag behind the other, and so to give rise to two 
pressures between each driving-wheel flange and the 
rail for each revolution. It was not suggested, 
however, that these factors exerted a profound 
influence on the maximum amount of lateral force ; 








M| F 


Left Handf} 


and by far the most significant indication from the 
results derived from the length of rails supported 
on roller-bearings was that the proportion of 
reciprocating compensation had little effect on the 
magnitude of the lateral forces exerted upon the 
track by the 4-8-2 locomotive of the Illinois Central 
Railroad. 
(T'o be continued.) 





“ HINTS TO BUSINESS MEN” BOOKLETS.—Revised 
editions of the booklets for Colombia, Belgium and 
Luxembourg are now available in the series ‘“‘ Hints to 
Business Men.”” United Kingdom citizens visiting these 
countries on export business can obtain copies of the 
booklets on application to the Export Promotion Depart- 
ment, Thames House North, Millbank, London, 8.W.1. 

** DOLOMITE AND REFRACTORIES BY STEETLEY.”’—We 
have received from the chairman and directors of the 
Steetley Company, Limited, Worksop, Nottinghamshire, 
a copy of a handsomely produced book, with the above 
title, describing the origin and growth of their business, 
and the extent to which their products are used in other 
industries. The text is by Mr. Douglas Wilson, and the 
book is illustrated with a number of full-page reproduc- 
tions, in colour, of a series of paintings executed for the 
firm by Mr. Henry Rushbury, R.A. 


BRITISH EXHIBITION, COPENHAGEN.—Further particu- 
lars of the forthcoming British Exhibition in Copenhagen 
have now been issued. As already announced in our 
columns, the Exhibition has been organised by the 
British Import Union, of Copenhagen, in co-operation 
with the Federation of British Industries, and with the 
approval of H.M. Government and the Danish Govern- 
ment. It is to be held from September 18 watil 
October 3. Five exhibition buildings in the centre of 
the town will house the various sections. Machinery, 
chemical products and building materials will be shown 
in the Forum; transport equipment will be displayed 
in the Royal Riding House, and scientific instruments in 
the Gutenberghus. Other displays will be accommodated 
in the Tivoli Gardens and in the Magasin du Nord. 
Although the area allotted to the exhibition covers more 
than 100,000 sq. ft., it has not been found possible to 
meet all the claims for space. Further particulars of the 
exhibition may be obtained from the Federation of 





tion advanced by the investigators for these asso- 


British Industries, 21, Tothill-strect, London, 8S.W.1. 
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PROFESSIONAL RECOGNITION OF 
ENGINEERS.* 


PROFESSIONAL recognition may mean many things, 
from @ certification by an official body to general 
acclaim by the public at large. To be real and lasting 
jit must be deserved because of professional achieve- 
ment, recognised by the public at large and by the 
profession itself, Only trained professionals can dis- 
tinguish between good and excellent achievement, 
consequently, formal recognition must be by the 
profession itself. Fortunately, the public will take 
professionals at their own estimate of themselves, 
consequently public acclaim becomes a reflection of 
the professional attitude of individuals toward them- 
selves and their work. 

Because of their background of design and con- 
struction, engineers are apt to think of recognition as 
something that they can design and build rather than 
as something which grows over.a long period of time. 
They can, by taking thought, improve the climate and 
the conditions of growth, but they cannot force recog- 
nition by increasing the shiftsor by shouting a little 
louder. Its growth is more like the tree of the forest 
than the quick-responding plant of the greenhouse. 
Underbrush may be cleared and branches may be 
trimmed, but the growth must be the result of good 
atmosphere, good climate, and favourable conditions. 

There are certain qualities and characteristics which 
are peculiar to a profession, and the process of acquiring 
these qualities may be considered as professional growth 
for individuals. Obviously, they must be first acquired 
by individuals before they can become characteristics 
ofa group. Robert A. Millikan, writing about a better 
world, suggests: ‘‘ So far as myself is concerned, that 
responsibility can be stated with perfect clarity and 
simplicity, thus: It is to so shape my own conduct 
at all times as, in my own carefully considered judg- 
ment, to promote best, if everyone followed my example, 
the well-being of mankind as a whole, in other words, 
to start building on my own account that better world 
for which I long.” 

Engineers individually can start recognition by 
personally adopting a plan of activity which will 
develop their own aptitudes and will show forth 
to the public that they are professional. In the 1945 
report, the committee set out a series of recognised 
attributes of a profession and of professional practi- 
tioners. 

Recognition must rest basically on being profes- 
sional. This means a clear definition of ‘‘ professional ” 
and then the acquisition of professional qualities by 
an overwhelming majority of practitioners. Society 
needs leadership in the things which make for better 
living. For example, “ gadgeting”’ may make for a 
better living, but the making of gadgets is not a prime 
function of the engineer. It is his function to deter- 
mine the best article and then determine its best use. 
Engineering is connected with materialism, but the 
engineer should not be a materialist. His professional 
contribution is to the science of living rather than to 
the art of making a living. Group activity and uni- 
formity of nomenclature are very desirable, but they 
are the mechanics of recognition and not the basis of 
recognition. They are the handles by which we raise 
the recognition for display rather than the recognition 
itself. Engineering is more than doing and achieving : 
it is being and influencing. 

Engineers cannot expect to design a structure, a 
dynamo, an engine, or a chemical process and get 
political acclaim for it. To get political acclaim they 
must do what politicians do; they must go before the 
public and sell their wares. No doubt, there is a place 
in the political arena for persons of technical knowledge 
and ability, but when one goes into that kind of public 
life he will not become an engineer by this activity. 
He may wait to enter until after he has arrived as an 
engineer, but entering a political career will not enhance 
his engineering ability. Engineering and legislation 
are not the same field of activity ; they are far different 
kinds of service to the public. ‘‘ Why does the engineer 
shun the political contest which leads to leadership ? 
I think it arises from the very nature of his early 
training and his professional experience. He is thereby 
inhibited from vocal expression in public. He becomes 
shy of public contacts because of the power and yet 
the limitations of his knowledge. The engineer is 
essentially a specialist, frequently to the complete 
exclusion of any outside interest.”’+ 

We are prone to compare engineering with law 
and medicine. In this no harm is done if we under- 
stand the difference between engineering and these 
two recognised professions. For the most part, 
medicine deals with individuals, a personal relation 





* Report of the Committee on Professional Recogni- 
tion: from the 15th annual report, for 1947-48, of the 
Engineers’ Council for Professional Development, 25-33, 
West 39th-street, New York 18, U.S.A. Abridged. 

t Carl Hinshaw in Mechanical Engineeriny, January, 


between the doctor and his patient; in law there is 
much personal relationship, but a large fraction of the 
activity is akin to engineering. Engineers are salaried 
people, individual practitioners who work for govern- 
ments, corporations, and large organisations, and a 
small number of individuals who have personal relations 
with their clients. The personal relation may account 
for the individual esteem that the patient holds for the 
doctor, but it does not account for the general public 
esteem. On the whole, we find doctors and lawyers 
taking active part in the affairs of the community. 
They have not divorced themselves from the affairs 
of the community. 

“Tn the future, as in the present, it would seem 
that engineers, with rare exceptions, will not be found 
in legislative bodies or in positions whose attainment is 
dependent upon personal participation in politics. The 
war dramatised the accomplishments of the engineer ; 
it focused public attention on his importance in the 
social order. Undoubtedly his stature will continue to 
increase as the country becomes more industrialised.”* 
Engineers criticise in their own meetings. They 
call for an engineer on the board, but do not get behind 
an individual with engineering qualifications. They 
are individualists who do not know the art of com- 
promise. As a matter of fact, they pride themselves 
that they will not compromise. They forget that the 
laws of Rated relations are far more flexible than the 
laws of materials and machines. In human relations 
there is probably one best way, but there are a dozen 
other ways which will get the desired results. Let us 
stop being straight-laced in the community and let us 
take part of the load and do our part of the give and 
take of a democratic society. 

Much has been said in recent years about the respon- 
sibility of scientists and technologists for the results 
of their works. In the early ‘thirties, the talk assumed 
the tone of criticism, using such words as a ‘“‘ Franken- 
stein monster” for some of the a works. 
The war developed a new line of talk. 


began about controls of the works of such people. 


sible for the invention or discovery. 


government, for statesmanship, or for 


engineers and scientists must ride in the same boat 


find a use for it. 


The use may 
may be very bad. 


duals who make the final decisions. 


and compensation. 


passed by 


of management. 
to ability and receive according to needs.” 
for General Electric Engineers : 


pensation and a spreading 


The engineer 
and the scientist had made possible the victory. Radar 
and atomic fission had ushered in a new day, when talk 


What is the responsibility of a scientist who develops 
an idea or a process which may have great possibilities 
for good and evil? Should he be expected to see the 
end from the beginning and curtail his own activities 
if they ultimately lead to evil? Our answer must be 
that all who use the idea or process are equally respon- 


The loose talk has caused confusion regarding the 
responsibility of engineers in a society. They, of course, 
must assume responsibility of active citizenship. And 
where their abilities and techniques will help in civic 
controls they are in duty bound to make them available. 
They are not obligated to assume responsibilities for 
industrial 
inequities unless their background of training and 
experience make them especially apt in these fields. 
We will not train engineers if we try to make them 
cure-alls for the ailments of society. The engineer 
has the responsibility of every other educated citizen 
to do his part in solving the general problems brought 
about because of science and technology. Obviously, 


If the scientist makes a discovery, the engineers will 
very good or it 
In war, the bad is determined by 
all who have to do with war rather than a few indivi- 


There should probably be no relation between pro- 
fessional activity and compensation, but, since practi- 
tioners are very human, there appears to be a very close 
relation between group activities, working conditions, 
More real progress has been made 
during the last year to define the relation of the pro- 
fessional to collective bargaining than was accomplished 
during the decade before. A new labour law has been 
Congress which makes it optional for 
professionals whether they will organise or refuse to 
organise for bargaining purposes. If they organise 
they may set up a homogeneous group rather than 
become a part of a heterogeneous group. Much needs 
to be done to point the way of the young engineer 
during the early years of professional experience. When 
he becomes a part of management he can act as a part 


There is a Marxian principle which seems to have 
some following in this country : ‘‘ Contribute according 
Young 
American engineers do not accept this principle, as is 
shown by a report of the National Societies Committee 
“In this country 
there is a movement to reduce production according 
to ability in order that there may be a levelling of com- 
of the work for many 
workers. Neither attitude is professional. The typical 


engineer wants to work under a system in which he can 
develop his abilities to a maximum extent, utilise 
them to the best advantage of society, his employer, 
and himself, and be assured of financial return commen- 
surate with his performance. He wants to be a living 
part of a dynamic professional organisation dedicated 
to these objectives. He wants to be free of fear of 
losing his prestige, social position, or economic position ; 
free of the fear of being made subservient to trade 
unionism; and mentally and emotionally free to 
devote himself wholeheartedly to the inspiring task of 
greater engineering achievement. He wants the com- 
forting assurance that he acted wisely in choosing the 
engineering profession and in selecting his particular 
employer.” 
A study of salaries is to be published by the Engineers’ 
Joint Council. This study will give a good picture of 
engineering compensation in 1946 compared with 
compensation in the years 1939 and 1943. Since 
engineering is largely a salaried profession, the older 
members must assume more responsibility in fixing 
the compensation of the younger members at a level 
commensurate with their training and responsibility. 
When organised labour groups are able to bargain for 
better compensation than large blocks of engineering 
supervision, it is high time that members of the 
profession did something about it. They cannot 
expect to solve the problems of government, industry 
and management if they cannot solve a problem which 
so nearly concerns their own economic status. 
Inadequate salaries of engineers employed by the 
States and local governments may have far-reaching 
consequences. Employees of the public are subject 
to the evils of shortsightedness on the part of political 
appointees. They all think they are’ authorities on 
salaries and many of them know they are not competent 
to make other decisions. They point to the only sav- 
ings that they and their kind can understand. They 
have little knowledge of materials and purchases, but 
they do know that John Doe back at home thinks 
200 dols. per month is a large salary. The only way 
for an improvement is for engineers to inform the 
public of the necessity. Engineers in administrative 
positions should see to it that engineers under their 
supervision have adequate compensation. As long as 
an engineer director is willing to hire staff at small 
salaries, the level of salaries will remain low. 
In Mining and Metallurgy for January, 1948, there 
is an excellent presentation of the fragmentation of 
“Mineral Engineers.” A chart shows many titled 
persons who are interested in finding, winning, bene- 
ficiating, processing, and using minerals. The job 
has an engineering leaning throughout, yet there are 
eight different titles used for the engineers who do the 
work. More than eight specific tasks must be per- 
formed, but is it necessary that an engineer be called 
by a specific title because he does work that is slightly 
different from his brother engineer? The trend 
toward smaller and smaller groups brings together 
engineers of specialised training, but tends to disunity 
of the profession as a whole. Professional solidarity 
makes necessary unity of organisation, technical 
similarity popularises the organisation of small groups. 
Recently, much has been said about the responsibility 
. | of scientists for their inventions. They must take the 
same responsibility as other citizens and more if they 
have special aptitude and knowledge. We have not 
emphasised enough the relation of science to democracy. 
Its rise is contemporaneous with the rise of the demo- 
cratic process. Its eclipse has always been during 
periods of religious bigotry or during periods of arbitrary 
political power. The principle of individual liberty 
is the foundation of democracy, the inspiration of 
science, and the framework of professional activity. 
Where the principle is in eclipse there can be no demo- 
cracy, no science, and no professional spirit. At first 
thought, this may seem an unwarranted generalisation, 
but a careful study of the history of these three freedoms 
will show that they are each a part of the same principle 
—freedom of the individual. New ideas need individual 
liberties. To continue professional growth, the 
members of the profession must be jealous of their 
democratic institutions. 





BICYCLE AND MoTor-CYcLE EXHIBITION.—An Inter- 
national Bicycle and Motor-Cycle Exhibition is to be held 
at Earl’s Court, London, from November 18 to 24. Par- 
ticulars may be obtained from the British Cycle and 
Motor Cycle Manufacturers and Traders Union, Limited, 
The Towers, Warwick-road, Coventry. 





Post OFFICE TELEPHONES.—It was stated by the 
General Post Office on Monday, August 16, that 728,000 
new telephones and 431,000 new exchange lines had 
been provided during 1946-47, compared with 401,000 
telephones and 287,000 exchange lines during 1936-37, 








1947, 


March, 1947. 





* “The Engineer of the Future,” by Dean Ivan C. 
Crawford. Journal of the Western Society of Engineers, 


the peak year before the war. At the end of March, 
1947, there were 4}318,816 telephone stations in use, an 
increase of 33 per cent. on the pre-war figure. There is 
still a waiting list of 450,000. 
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CONTROL OF MAXIMUM DEMAND IN STEEL 


MESSRS. STEELS, LIMITED, SHEFFIELD. 





Fie. 1. Locat Inpicatine Untr. 


THE CONTROL OF MAXIMUM 
DEMAND IN STEEL WORKS. 


Tue electric melting shops at the Atlas Works of 
Messrs. Firth Brown Steels, Limited, Sheffield, are 
supplied with power from the public mains through 
five 10-MVA 33/6-6-kV three-phase transformers. Three 
of these are installed in the main substation of the 
works, while the other two are erected in a local 
substation about half a mile distant, and are remote- 
controlled from the former. The supply authority’s 
metering equipment, which is of the integrating sum- 
mator type and is supplied from the 6-6-kV *bus-bars 
through current and potential transformers, is also 
installed in the main substation, to which indications 
from the local substation’s current and potential trans- 
formers are transmitted over pilot wires. The summa- 
tor instruments are fitted with contacts through which 
impulses are initiated in 32-volt direct-current circuits 
for the operation of printometers. 

The Firth Brown group of companies’ agreement 
with the electricity supply authority provides, inter alia, 
for a fixed charge per kilowatt of maximum demand, 
with an adjustment for power factor. It also stipulates 
that, during the winter months, this maximum demand 
shall not exceed a specific figure (which was 22MW 
last winter) between 6 a.m. and 12.30 p.m. and between 
1.30 p.m. and 6.0 p.m. from Monday to Friday, as well 
as from 12 noon on Saturday until the beginning of the 
weekday period at 6 a.m. on the following Monday. 
At other times during the winter months, and at all 
times during the summer months, the maximum 
demand may be increased to 28 MW. In accordance 
with the practice laid down by the Central Electricity 
Board, this maximum demand is ascertained by 
measuring the kilowatt-hours supplied, during half 
an hour on an integrating meter, and dividing the 
reading by one half. The result, which is given in 
kilowatts, is therefore not an instantaneous maximum 
demand, but is the demand integrated over a half-hour 
period. It is the largest amount obtained in this way 
during a given accounting period which is used to 
ascertain the fixed kilowatt charge. 

The heaviest consumers of power in the Atlas Works 
of the Firth Brown group are five electric-arc furnaces 
which, at certain times during the melting cycle, may 
give rise to a demand of as much as 16 MW, while the 
load on the rest of the works varies between 8 and 
11 MW. To ensure that the total demand shall not 
exceed the specified limits during restricted hours and 
that the load factor is as high as possible, these furnaces 
have been provided with a load-indicating system, 
which has been combined with the printometer equip- 
ment in such a way that the actual and permissible 
demands can be compared at any time. This system 
consists essentially of a master transmitter, which is 
installed in the main substation, and five local, or slave, 
indicating units, one of which is placed near each 
furnace. A sixth slave unit is fixed in the main sub- 
station for the information of the engineer. As 
explained in more detail below, each of these local 
indicating units is fitted with a aial, which is illus- 
trated in Fig. 1. As will be seen, this dial is provided 
with two pointers, the longer of which indicates the 
electrical load of the works during a half-hour period 
on the outer scale, and makes one complete revolu- 
tion in that time if the full permitted amount of 
energy is being consumed. It is then automatically 





FIRTH BROWN 


Fie. 2. 


reset to zero preparatory to a further movement 
being initiated at the beginning of the next period. 
The shorter pointer, which operates over the inner 
scale, rotates continuously, also making one revolu- 
tion every half hour. If the full permitted amount of 
electricity is being consumed the movements of these 
two pointers synchronise, while if the consumption at 
any time is greater than that amount, the longer load 
pointer leads the shorter time pointer. It is then 
the duty of the operators to adjust the load on the 
furnaces, so that the movements of the pointers syn- 
chronise, thus ensuring that the consumption in any half 
hour does not exceed the permitted maximum. The 
benefits to be derived froni this control are apparent 
during the period when a new charge is being dealt with 
in one of the furnaces, as it is only during this part of the 
heating cycle that an excessive demand is likely to 
occur. After the melting period, the furnace demand is 
much lower. Moreover, operation is then in the hands 
of the metallurgists, so that it is undesirable to alter the 
electrical input. The furnace operator is therefore 
given complete control of the electrical input to the 
furnace at these times, subject only to the over-riding 
control of the substation engineer in the event of an 
excess demand becoming imminent towards the end of 
the half-hour period. 

The arrangement of the apparatus used to effect 
this control is shown diagrammatically in Fig. 4, oppo- 
site, in which the summation contacts and the master- 
clock contacts in the 32-volt direct-current printometer 
circuit are indicated at a and 6 and ¢ and d, respectively. 
For metering purposes, contact a is closed and an 
impulse is transmitted to the printometer after the 
first 25 kWh have been consumed in each half-hourly 
metering period. This contact is subsequently closed 
every time that a further 50 kWh have been consumed. 
Similarly, contact b is closed and an impulse is trans- 
mitted to the printometers after the first 50 kWh have 
been consumed in each half-hourly metering period 
and thereafter whenever a further 50 kWh have been 
consumed. In other words, these contacts close 
alternately throughout the half-hourly period whenever 
25 kWh have been consumed. An impulse from the 
master clock is also transmitted through contact c 
every half minute, while at the end of each half-hourly 
period the system is re-set to zero by an impulse which 
is transmitted from the master clock through contact d. 
As will also be seen from Fig. 4, the printometer system 
is connected to the load-indicating system through four 
“interposing ”’ relays e, f,gandh. The object of these 
relays, which are of the ordinary telephone type, is to 
isolate the load indicators from the supply authority’s 
metering system, thus avoiding the possibility of over- 
loading that system and safeguarding it from any faults 
in the load indicators. When either of the summation 
contacts a or b closes, an impulse passes through relays e 
or f to the master transmitter i, and thence through the 
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SHOWING IMPULSE MECHANISM. 


compensating unit k and relay 1 to the coil on each loca) 
indicator unit, which operates the load pointer. These 
local indicators, therefore, receive an impulse at inter. 
vals the length of which varies with the time during 
which 25 kWh are consumed. The closing of the 
* half-minute ” contact ¢ and the ‘ re-set” contact d 
on the master-clock mechanism, in turn, cause impulses 
to be sent through contacts g and h, respectively, to the 
coils on the local indicators, which actuate the “ con- 
stant moving” pointers and “half-hour re-set” 
mechanisms. 

The master transmitter, which is illustrated in Fig. 2, 
consists of a brass drum mounted on ball bearings, 
the periphery being covered with insulation. Two 
rings of contacts, visible in the background of the same 
illustration, are attached to this insulation by drilling 
and tapping through it into the underlying brass. One 
ring of contacts is used when the demand is limited to 
28 MW, and the other, when the demand must not 
exceed 22 MW. Further rings, up to a maximum of 
five, may be added subsequently, so that other load 
conditions can be complied with. The desirability of 
being able to alter the maximum-demand setting in 
this way was the main reason for using a master trans- 
mitter. It would have been possible, of course, to have 
transmitted impulses directly to the local indicator 
units and to alter the gear trains on them when r- 
quired: that, however, would have been more com- 
plicated. 

The master transmitter also contains an electro- 
magnet, which is excited by the impulses from the 
summator system whenever 25 kWh have been con- 
sumed, and, in turn, “ triggers” a pawl. This pawl 
engages with a wheel, on which there are 120 teeth, 80 
that the wheel is moved through 3 deg. whenever an 
impulse is received. The pawl wheel is connected to 
the drum carrying the contacts, so that this is also 
moved through the same angle. The contact finger 
on the drum is thus caused to pass from one insulated 
segment over the contact (thus completing the circuit 
to the local indicators through a slip ring on the spindle) 
and finally to come to rest on a second insulated seg- 
ment. 

The master transmitter has been designed on the 
basis of a “‘demand” of 20,000 kWh per hour, or 
10,000 kWh in half an hour. This amount of energy 
will initiate 10,000 +25, or 400 impulses in half an hour, 
since one impulse is transmitted whenever 25 kWh have 
been consumed. These impulses will, in turn, cause the 
drum to make 400 +120 or 3-33 revolutions in half an 
hour (since each impulse moves the pawl wheel through 
3 deg. and there are 120 contacts on the ring used) when 
the demand is 20,000 kWh per hour. When, however, 
the permissible demand is increased to 28,000 kWh 
per hour the number of impulses initiated at the sum- 
mator contacts is 14,000 +25, or 560 in half an hour, 
thus causing the drum to make 4-66 revolutions during 
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CONTROL OF MAXIMUM DEMAND IN STEEL 


MESSRS. FIRTH BROWN 





Fia. 3. 


that period. As, however, it is necessary, even with 
this higher demand, for the pointers on the local load 
indicators to make only one revolution in half an hour, 
the number of contacts on the second ring on the drum 
of the master transmitter, which is used under these 


conditions, must be reduced from 120 to 120 x 4 in 
: - 560 
order that the drum shall still transmit 120 x i 


 =aee 

20 
or 400, impulses to the local indicators during each 
half-hour period. As the number of contacts required 


5 
: | 


for this purpose is 120 x 4 
whole number, the next higher whole number, 86, 
has been taken. On the second ring these 86 contacts 
have been obtained by omitting every fourth contact, 
or 30 in all, in the original 120, and, in addition, 
leaving out one contact in four of the resulting groups 
of three contacts, which are spaced radially by 90 deg. 
Under these conditions, the actual load pointers 
therefore gain slightly on the permitted load pointers 
on the local load indicators, until a gapin the contact 
ting is reached, when the necessary correction is made. 
At no point, however, is the error serious. 

The interior of one of the local indicating units is 
shown in Fig. 3. In this illustration, the impulse units, 
with the coils by which the load and time pointers 
are driven, are visible in the left foreground and centre, 
respectively. The electromagnetically-operated clutch, 
which is interposed between the driving unit and 
the load pointer and is disengaged at the end of each 
half hour by the zero re-setting pulse from the sum- 
mator system, can be seen near the centre towards the 
right. At the end of the half-hour period the pointer is 
returned to zero by a spring and when the re-setting 
pulse has ceased the clutch is re-engaged. 

As expected, preliminary trials with this indicator 
system showed that, owing to the inertia of the parts 
and the inductance of the long connecting leads, the 
current did not build up rapidly enough to enable 
the magnets on the local indicators to operate in the 
short duration of the impulses from the master trans- 
mitter. A compensating unit was therefore devised 
to extend this time, and was inserted in the circuit 
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A detailed diagram of this unit is given in Fig. 5, from 
which it will be seen that it consists of an alternating- 
current pentode valve a, which is biased back to 
cut-off. When an impulse is received this bias is 
removed and the condenser 6 between the grid and the 
cathode of the valve is charged. Current then flows 
and the anode relay operates, thus transmitting a pulse 
to the operating coil of relay / in Fig. 4, and through it 
to the load pointers on the local indicators. Current 
continues to flow until the charge on the condenser 6b 
has leaked away through the one megohm resistance c 
which is shunted across it. The quick-release relay, 
shown at m in Fig. 4, is provided to prevent the 
contacts on relays e and f (which, as already explained, 
are operated when the summator contacts a and 6 
are closed), from energising the operating coil of 
the master transmitter ¢ for a period longer than 
about 0-5 sec. 

We understand that the experience already gained 
with this apparatus indicates its suitability for use in 
steel works. It replaces an arrangement whereby the 
maximum demand was adjusted towards the end of 
each half hour by telephoning the necessary adjustment 
from the substation to the furnaces. These adjust- 
ments are now made at the furnaces by ensuring that the 
“actual load” and “time” pointers on the load 
indicators coincide at the end of each half-hourly 
period. It is not essential, however, that this coincid- 
ence should be maintained throughout the half hour, 
providing any excess is taken up before the end of the 
period. As stated previously, the control engineers 
can also issue over-riding instructions if at any time the 
predetermined load seems likely to be exceeded. 





LECTURE ON CIVIL AVIATION.—The Fourth British 
Commonwealth and Empire Lecture will be held, under 
the auspicies of the Royal Aeronautical Society, at 6 p.m., 
on September 30, at the Institution of Civil Engineers, 
Great George-street, London, 8.W.1. The lecturer will 
be Mr. P. G. Masefield, M.A., F.R.Ae.S., and his subject, 
“Some Economic Factors in Civil Aviation, with 
Emphasis on Civil Aircraft and their Prospective Trends 
of Development.”’ 








MANUFACTURE. 


THe advantages of using infra-red radiation for 
stoving paint is shown by the results obtained with a 
plant recently installed at the factory of Messrs. T. 
Crompton and Sons, Limited, Ashton-in-Makerfield, by 
the Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17. Messrs. Crompton 
manufacture door locks, which were formerly stoved 
in gas ovens, this operation occupying about 1} hours 
for each loading. With the infra-red plant, however, 
it is possible to stove gloss-black painted locks in 
about 5 minutes, and black wrinkle-painted locks 
in from 12 to 15 minutes, at temperatures of 460 
deg. and 530 deg. F., respectively. In addition, the 
finish is better and the number of employees has 
been reduced by half. 

The new plant is fitted with 216 250-watt infra-red 
industrial type lamps with internal reflectors. It is 
therefore no longer necessary to fit, and subsequently 
clean, external reflectors, thus considerably increasing 
the overall efficiency of the plant. The lamps are 
arranged in two vertical banks and have a total loading 
of 54 kW. Heat control is effected by suitable switch- 
ing arrangements, while maintenance is facilitated by 
releasing the hinged base-plate sections, after which 
the operator can stand inside the plant without dis- 
comfort. The oven is equipped with a mono-rail 
conveyor and the locks, which are mounted on suitable 
jigs, can be fed through it at three different speeds. 
Before erection, the Metropolitan-Vickers Company 
carried out tests on the locks at their Infra-Red Demon- 
stration Department, Long Acre, London, W.C.2, to 
ascertain the best types of paint to use and to determine 
the best stoving cycle. 





BENDIX RaDIO EQUIPMENT.—Arrangements have 
been made recently for the radio equipment produced 
by the Bendix Corporation of America, New York, to 
be manufactured by the Plessey Company, Limited, 
Ilford, Essex. This will include mobile ground and 
radio communications systems, as well as such navi- 
gational aids as automatic radio compasses and marker 
beacon receivers. 
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THE INSTITUTE OF METALS. 


As previously announced, the fortieth annual autumn 
meeting of the Institute of Metals will be heldin 
Cambridge from September 14 to 17. The meeting 
opens at 6.30 p.m., on the first day with a service in 
the Church of St. Edward, King and Martyr. Follow- 
ing this, at 8 p.m., there will be a conversazione at The 
Old Schools, King’s Parade. On Wednesday, Septem- 
ber 15, at 9.45 a.m., a welcome will be extended to the 
Institute by His Worship the Mayor of Cambridge, 
after which a brief business meeting will be held at the 
Arts School, Bennet-street. Two papers will then be 
presented and discussed, the first by Mr. E. Wilfred 
Taylor, C.B.E., on “‘The Micro-Hardness Testing of 
Metals,” and the second by Mr. G. A. Cottell, Mr. K. M. 
Entwistle and Professor F. C. Thompson, on “ The 
Measurement of the Damping Capacity of Metals in 
Torsional Vibration.” The afternoon will be devoted 
to visits to the University Metallurgical Laboratories, 
the University Mineralogy Department, the Scott 
Polar Research Institute, the University Engineering 
Laboratories, and the works of the Cambridge Instru- 
ment Company, Limited; Pye Limited, and Unicam 
Instruments (Cambridge) Limited. At 7 pm., a 
supper-dance will be held at the Guildhall, Market-place. 

On Thursday, September 16, at 9.45 a.m., two papers 
will be presented for discussion at the Arts School, 
namely, “The Effect of Crystal Arrangement on 
‘Secondary Recrystallisation’ in Metals,” by Mr. 
J. S. Bowles and Dr. W. Boas ; and “‘ Observations on 
the Annealing Characteristics of an Aluminium-Copper- 
Magnesium Alloy,” by Dr. M. Cook and Dr. T. LI. 
Richards. In the afternoon, the Cavendish Labora- 
tory ; the Research Laboratories of the British Welding 
Research Association, Abingdon ; and the laboratories 
and works of Messrs. Aero Research Limited, Duxford, 
will be visited, and in the evening, at 6 p.m., the 26th 
Autumn Lecture will be delivered by Sir Lawrence 
Bragg, O.B.E., M.C., F.R.S., at the Arts School. The 
subject of the lecture will be ‘‘ The Cavendish Labora- 
to ” 


On Friday, September 17, all-day visits to the works 
of Messrs. W. H. Allen, Sons and Company, Limited, 
Bedford ; W. H. A. Robertson and Company, Limited, 
Bedford ; the Manganese Bronze and Brass Company, 
Limited, Ipswich ; and Messrs. Stewarts and Lloyds, 
Limited, Corby, have been arranged. 

The offices of the Institute are at 4, Grosvenor- 
gardens, London, S.W.1. 





CONTRACTS. 


MEssRS. VICKERS-ARMSTRONGS LIMITED, Barrow-in- 
Furness, have received an important contract for low-lift 
Pumps, gears and electrical equipment from the Ministry 
of Public Works, Buenos Aires. The plant will be 
installed in the Balneario pumping station on the River 
Plate. The contract includes the supply, delivery and 
erection of two 84-in. diameter pumps, inclined at an 
angle of 45 deg., driven through reduction gearing by 
750-h.p. electric motors, complete with control gear, 
weed screens having motor-driven raking gear, and other 
ancillary equipment. Each pump is capable of dealing 
with 12-4 cub. m. per second (164,000 gallons per 
minute) against a total head of 3-5 m., the manometric 
efficiency being nearly 90 per cent. 


MEssRs. GALBRAITH BROTHERS, LIMITED, 34, High 
Holborn, London, W.C.1, have secured the contract for 
the installation of two oil-engine driven pumps in the 
triple engine house at the Southern Outfall Works of 
the London County Council. 

Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Queen’s House, Kingsway, London, W.C.2, have received 
an order from the Hydro-Electric Power Commission of 
Ontario for two 60,000-kW steam turbo-alternators, 
intended for part-time use at Windsor, Ontario. The 
sets will run at 3,600 r.p.m., and the alternators will 
provide power at 13,800 volts, 60 cycles. Steam 
conditions at the turbine stop valves are 850 Ib. per 
square inch and 900 deg. F. The turbines are of the two- 
cylinder impulse-reaction type. 





NUFFIELD FELLOWSHIP IN EXTRACTION METALLURGY. 
—The Nuffield Foundation have provided funds for the 
establishment of a Research Fellowship in Extraction 
Metallurgy, which will be awarded in consultation with the 
Institution of Mining and Metallurgy and the Royal 
School of Mines, London, and will be tenable at the Royal 
School of Mines for a period of five years. The funds are 
sufficient to provide a small specialist staff and the 
necessary equipment, in addition to adequate remunera- 
tion for the Fellow. Applicants should have had experi- 


ence in the initiation and development of research. 
Applications, stating the candidate’s qualifications and 
experience and the names of three referees, together 
with suggestions regarding the lines of research it is 
proposed to follow, should be sent to the secretary of the 
Institution of Mining and Metallurgy, Salisbury House, 
L ndon, E.C.2, to recch him not later than November 30. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued c the British Standards Institution. 
Copies are obtainable from the Sales Department of 
= Institution, 24, haar py ae London, S.W.1, at 
the price quoted at the end of the paragraphs. 

Blecirie Lighting in Dwellings.—A ret Standard 
code of practice now issued in final form, C.P. No. 
324.101, concerns the provision of electric lighting in all 
types of dwellings. There are also brief references to 
the lighting requirement of larger houses, garages and 
greenhouses and to the modernisation of the lighting 
systems of existing buildings. The code is mainly con- 
cerned with the installation of tungsten-filament lamps, 
but, in view of their growing importance, attention is 
also directed to the use of fluorescent lamps in appro- 
priate circumstances. [Price 2s., postage included. 

Domestic Electric Refrigerators——A further code of 
practice, published in final form, C.P. No. 324.403, 
deals with the installation of vapour-compression type 
domestic electric refrigerators of capacities not exceed- 
ing 25 cub. ft. Information is provided on the space 
and power requirements and the weights of various 
sizes of free-standing refrigerators, and the net storage 
capacity of some of the usual types of free-standing and 
inset self-contained refrigerators. Advice is also given 
on the location of the refrigerator, and the ventilation 
requirements are specified. [Price 2s., postage in- 
cluded.] 

Metal Window Subframes and Sills.—The object of 
specification B.S. No. 1422-1948 is to establish standards 
of size, quality of materials and methods of manufac- 
ture which will ensure the strength and efficiency of 
metal window sub-frames, sills and window boards 
and bring them into relation with specifications which 
have been, or are being, prepared for other components 
of buildings. The variety of window sub-frames and 
other components has been reduced, thus simplifying 
both manufacture and fixing and securing greater 
economy and speed in building. Notes on the fixing 
of the Seen and their subsequent painting, and the 
information to be supplied by the purchaser when 
ordering components, are given in appendices. [Price 
38., postage included. ] 

Carburettor Jets.—A second revision of specification 
B.S. No. 720, covering the calibration of carburettor 
jets, has now been published. Originally prepared to 
cover carburettor jets for aircraft and motor-car 
engines, the specification now applies to jets for all 
types of engines, and the maximum flow of fuel that can 
be dealt with under this specification has been raised 
from 2,000 to 15,000 ml. per minute. The publication 
defines the method of calibrating carburettor jets and 
describes the standard reference jets with the aid of 
dimensioned diagrams. [Price 3s., postage included.] 

Instrument Jewels.—A revision of B.S. No. 904, 
covering the dimensions of instrument jewels, which 
revised publication has now been issued, was under- 
taken at the request of the Ministry of Supply, primarily 
to substitute modified designs for the three types of 
compass jewels included in the specification. Only 
minor modifications have been made in respect of the 
other t; of jewels covered by the specification, 
namely V-jewels, ring stones and end stones. This 
publication does not relate to jewels for watches and 
clocks, for which a separate specification is being pre- 
pared, neither does it concern cup jewels for integrating 
meters. [Price 2s., postage included.] 





BOOKS RECEIVED. 


Report of the Astronumer Royal to the Board of Visitors of 
the Royal Obserratory, Greenwich, from May 1, 1947, 
to April 30, 1948. The Astronomer Royal, Royal 
Observatory, Greenwich, London, S.E.10. 

The British Council. Report for 1947-1948. 
the Council, 3, Hanover-street, London, W.1. 
to approved applicants. } 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey of Great Britain. Geology of 
the Country Around Barnsley. By Dr. G. H. MITCHELL 
and others. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 7s. 6d. net.] 

Theory of Limit Design. By PROFESSOR J. A. VAN DEN 
Broek. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 3.50 
dols.] Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 21s. net.] 

Theory and Application of Microwaves. By PROFESSORS 
ARTHUR B. BRONWELL and ROBERT E. BEAM. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 6 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych, 
London, W.C.2. [Price 36s.] 

History of Bakelite Limited. By T. J. FIELDING. Bakelite 
Limited, 18, Grosvenor-gardens, London, S.W.1. 
[Restricted circulation ; free to approved appiicants.] 
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PERSONAL. 


StR ANDREW McCaNoE, D.Sc., A.R.S.M., F.RS., 
President of the Iron and Steel Institute, 4, Grosvenor. 
gardens, London, S.W.1, has had conferred upon him the 
honorary degree of LL.D. of the University of Glasgow, 


Mr. NORMAN ELCE, M.Sc.Tech. (Manch.), M.1.E.E,, 
has been appointed assistant chief mechanical engineer 
of the Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17. 


Mr. J. R. DALLMEYER, district engineer, ritish 
Railways, Eastern Region, Ipswich, has been appointed 
district engineer, North-Eastern Region, Hull. 


Appointments to the SOUTH-WEST SCOTLAND ELEo- 
TRICITY BOARD, 62, Dalziel-drive, Glasgow. S.1, have 
recently been announced. These include that of Mr. 
W. J. Cooper, M.I.E.E., as sub-area liaison officer and 
personal assistant to the chairman and vice-chairman; 
that of Mr. H. I. HULME as deputy chief commercial 
officer; that of Mr. A. P. ROBERTSON, M.I.E.E., ag 
enginver of Glasgow sub-area; that of Mr. W. H. 
GEORGE, as engineer of the Clyde sub-area; that of 
Mr. W. E. Upton as engineer of the Ayrshire sub-area; 
that of Mr. W. B. BRUCE as engineer of the Lanarkshire 
sub-area ; and that of Mr. 8S. H. MONEY as engincer of 
the Dumfries and Galloway sub-area. 


Mr. W. D. Pua has succeeded Mr. F. Pickworta 
as managing director of the Darlington Forge Limited, 
Mr. Pickworth, however, will continue to hold office ag 
chairman of the company. Mr. W. 8. Scorrt, hitherto 
special director and superintendent, bas been made works 
director, and Mr. H. G. GRADWELL, previously special 
director and sales manager, has been made commercial 
director. 


Mr. JOHN H. D. Hopson, for the past seven years 
foundry manager of the Tees-side Bridge and Engineering 
Works, Limited, Middlesbrough, is shortly leaving this 
country to take up the appointment of general manager 
of Messrs. F. Issels and Son, Limited, Bulawayo, Southern 
Rhodesia. This firm recently became associated with 
Messrs. John Brown and Company, Limited, Sheffield 
and Clydebank. 


Mr. C. S. JOHNSTON, M.B.E., A.M.I.E.E., 
A.M.1.Mech.E., has resigned his position as general 
manager and engineer, Maidstone Corporation Transport 
Department, to take up that of deputy assistant manager 
of Hong Kong Tramways Limited. 


Dr. HveGu Forp has been appointed Reader in Applied 
Mechanics in the University of London and an Assistant 
Professor of Mechanics at the City and Guilds College, 
Imperial College of Science and Technology, South 
Kensington, London, S.W.7. 


Mr. W. H. NEwToN, A.M.I.C.E., M.I.W.E., has 
resigned his appointment as Borough Surveyor and 
Water Engineer, Pontefract. He has taken up residence 
at Scarborough and is undertaking consulting work. 


Dr. W. N. HINDLEY, who has been on the scientific 
staff of the Armament Research Department, Woolwich, 
for 24 years, is being transferred to the Director of 
Weapon Research (Defence), Shell Mex House, London, 
W.C.2. 


Pending the appointment of a permanent successor to 
Mr. W. E. Macve, M.Inst.T., who has relinquished the 
post of chairman of the Licensing Authority for Public 
Service Vehicles and Licensing Authority for Goods 
Vehicles for the North-Western Traffic Area, Mr. J. R. 
WriuiaMs, M.B.E., has been appointed to fill the vacancy. 
Mr. Williams was, formerly, Deputy Regional Transport 
Commissioner for North Wales. 


Mr. WILLIAM BALL, M.I.Mech.E., M.I.H. & V.E., has 
been elected to the board of directors of Messrs. J. and E. 
Hall, Limited, Dartford, Kent. 


Mr. F. Trmsroox, B.Eng. (Sheffield), A.M.I.C.E., 
A.M.I.W.E., has been appointed resident engineer on 
the staff of the North Devon Water Board. 


Mr. J. G. Bripces, until recently Press Attaché at 
the Australian Embassy, Washington, U.S.A., has suc- 
ceeded Mr. H. C. Mitts as Australian Trade Publicity 
Officer for the United Kingdom. Mr. Mills is returring 
to Australia. 

Mr. L. V. WEBBER, who joined Messrs. Richard Crittall 
and Company, Limited, in 1928, and was made chief sales 
engineer in 1946, has been appointed manager of Messrs. 
Richard Crittall Marine, Limited, Liverpool. 


The address of H.M. COMMERCIAL SECRETARIAT and of 
the COUNSELLOR (COMMERCIAL) IN RANGOON is now 48 
follows: British Embassy, 80, Strand-road, Rangoon, 
Burma. 


Messrs. A. A. JONES AND SHIPMAN, LIMITED, Nar- 
borough-road South, Leicester, are opening a London 
office at Buckingham House, Buckingham-strcet, 
Adelphi, W.C.2, on Monday, August 23. (Telephone : 
TEMple Bar 0958-9.) The London sales manager will 
be Mr. C. H. HARRIS. 
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NOTES FROM THE NORTH. 
GLAsGow, Wednesday. 


Scotlish Steel.—With the post-holiday easing in the 
gal-supply position, steelworks resumed their record- 
preaking output levels, and all plant is again in full 
operation. The scrap supply is more reassuring than 
it has been for some time, and makers have not used 
much from stock for some weeks past. These stocks are 
not large, but scrap merchants have some fairly heavy 
accumulations in hand. Shipments from Germany con- 
tinue on recent levels. Specifications of steel for home 
delivery do not appear to be more plentiful for Period 3 
than they were for Period 2, therefore there may be a 
sbortage of working specifications in the rolling mills at 
the end of Period 3, as there was at the end of Period 2. 
Meantime, however, there is plenty of work in hand 
with substantial export allocations for Period 3, most of 
which have yet to be rolled and dispatched. Scottish 
re-rollers are still suffering from the shortage of semies 
and could certainly increase production if billets, slabs 
and sheet bars were in better supply. Tube works are 
still well booked and have been using large quantities of 
strip for lap-weld tube-making and bars for solid drawing. 
It is announced that the new tube mill at Clydesdale 
Steel Works, which has taken almost two years to con- 
struct, will go into production at the end of this month. 
It will manufacture seamless tubes. 


Scottish Coal.--The Scottish coal industry is recovering 
slowly from the holiday setback. The output of saleable 
mined coal in the week ended August 7 was 407,500 tons ; 
an increase of about 23.000 tons over the previous week. 
Holidays and disputes, however, cost 49,980 tons last 
week, and while the bigger disputes have all been settled, 
there is still a continual eruption of two- or three-day 
unofficial stoppages which cost up to about 500 tons a 
day. None of these stoppages involves more than a 
fewmen. July exports exceeded the 119,000 tons mark. 
Eire took 31,000 tons, followed by Denmark with 29,454, 
Finland with 20,900, and Sweden with almost 12,000. If 
anything, the bunker position is easier. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—-The tonnage allocations of iron 
and steel are rapidly taken up as they become available, 
and buyers at home and overseas are anxious to negotiate 
for further supplies. The current quarter’s outputs of 
nearly all commodities are fully disposed of, but delivery 
authorisations over the last three months of the year 
are expected to be substantial and if satisfactory supplies 
of raw material and manpower can be obtained, the 
tonnage output of iron and steel will be on a much 
increased scale. There is still a feeling of uncertainty 
concerning fuel conditions in the near future. A rise of 
2s. 6d. a ton in the price of blast-furnace coke in the 
Cleveland and South Durham area seriously increases 
the production cost of pig-iron, and the advance may 
have to be passed on to the consumer. The whole of 
the pig-iron make is being used at the local works and 
so urgent is the demand for supplies of steel for home 
purposes that export quotas have to be severely limited. 
The scarcity of iron and steel scrap is still acute, but an 
encouraging feature in the situation is the announcement 
that a check has occurred in the decline in stocks of those 
commodities. 


Foundry and Basic Iron.—Complaints continue of the 
shortage of ordinary foundry pig, though holidays at 
the consuming plants have eased the pressure for imme- 
diate delivery. North-East Coast founders are more 
than ever dependent on iron supplies from producers at 
a distance and are hoping that over the fall of the year 
deliveries of Midland brands will be regular and adequate 
for actual needs. The whole of the basic-iron output is 
required for the makers’ own consuming plants. 


Hematite, Low-Phosphorus and Refined Iron.—The 
recently increased production of East Coast hematite is 
enabling makers to deal satisfactorily with the demands 
of their regular customers, and outputs of low- and 
medium-phosphorus grades of iron are adequate. 
Refined-iron inanufacturers are able to deal promptly 
with buyers’ requirements. 

Manufactured Iron and Steel.—Bookings for various 
descriptions of semi-finished and finished iron are sub- 
stantial and steel producers’ commitments are as exten- 
sive as conditions permit. There is no diminution in the 
demand for steel semies. Billets especially are wanted 
in larger lots than are coming to hand, and users, while 
seeking to secure prime descriptions, are accepting 
Parcels of usable inferior crops. Slabs and sheet bars 
are also in good demand. Finished-stee] firms are fully 
sold and there is a heavy demand for larger quantities of 
material for home and export requirements. Buyers of 
black and galvanised sheets are pressing for larger 
Supplies than they are receiving. Materials for ship- 
building, constructional engineering, railway and colliery 
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NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Day-wage men, at a meeting 
in the Rhondda, decided to urge the executive council 
of the National Union of Mineworkers to press for 
increased pay for day-wage men employed at the collieries. 
They also called upon the Government to reduce the 
cost of living and to peg prices as quickly as possible. 
The mood of the meeting was afterwards described by 
the chairman as “ grim.’”’ Coal production in the South 
Wales coalfield has continued to be affected by holidays 
in various areas. These will affect production during the 
remainder of the present month. In August Bank 
Holiday week, when collieries in the Swansea, Maesteg 
and Rhymney areas were idle throughout the period, 
production fell to 112,400 tons, which compared with 
401,146 tons in the preceding week, and was the lowest 
level reached this year. As a result of this loss of coal, 
there has been an acute shortage of supplies on the 
steam-coal market. Operators have concentrated upon 
maintaining the steady flow of supplies to the principal 
home consumers, but, in spite of this, some arrears of 
deliveries remain to be made good. As a result, the 
export trade has been very much curtailed. Shippers 
were unable to handle the volume of business available. 
Inquiry from South America and Portugal was well 
maintained, and the Eirean trade was steady. Interest 
shown by Spanisb consumers was smaller and trade with 
Italy and France continued in abeyance. The essential 
home consumers made heavy calls, especially on the 
better qualities, and bookings are very substantial for 
some time to come. The industrial demand was also 
brisk. Cokes and patent fuel continued to attract 
attention, but supplies were difficult to secure for early 
delivery. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate appeared to be 
settling down after the holiday break. The demand was 
good, but, as makers have sold the bulk of their output 
for the current quarter, the volume of business trans- 
acted was not heavy. The export market was also quiet 
and only limited quantities were disposed of. Steel 
sheets continue to be in strong demand and the diffi- 
culties of obtaining early deliveries are unabated. Iron 
and steel scrap is urgently needed to maintain the pro- 
duction of steel at the desired level. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Supplies of Derbyshire and Lincoln- 
shire brands of pig-iron are rather more plentiful, and, 
combined with a steadily increasing supply of iron and 
steel scrap, are helping to increase steel production. 
Rolling mills and forges are able to secure more adequate 
deliveries of slabs and billets, but could deal with a 
larger quantity. Instances still occur of the shortage of 
high-carbon steels, users of which have to make use of 
alternative, and often dearer, qualities. Makers of 
stainless steels are experiencing a strong demand, which 
they are not able to satisfy fully, but good progress is 
being made with programmes to increase the supply of 
stainless-steel sheets, the rolling facilities for which have 
been short for a fairly long time. There is room for 
expansion facilities in the production of stainless steel for 
the chemical and other industries at home, and also on 
export account. Sweden is now the chief foreign compe- 
titor, since Krupps were dislodged from that position. 
Facilities for the production of hot- and cold-rolled steel 
strip are being extended to meet the heavy demand. 
Makers of engineers’ smal] tools, and all types of hand 
tools have cleared off many arrears of orders, but still 
have a mass of orders on their books. 


South Yorkshire Coal Trade.—Coal is gradually be- 
coming more plentiful now that the majority of pit 
holidays are over, but much more is needed to build up 
stocks for the winter and to meet the growing demand 
for best qualities for export. Locomotive hards continue 
in strong request, and there is no diminution in the call 
for washed and graded steams. Blast-furnace coke is in 
better supply. Gas coke is rather more plentiful and is 
being extensively taken up for the domestic market. 
Patent fuel is strong and in good request. The house- 
coal demand is increasing and supplies are rather short. 





THE GAUGE AND TOOL MAKERS’ ASSOCIATION.—The 
next quarterly luncheon of the Gauge and Tool Makers’ 
Association will be held on Tuesday, September 14, at the 
Savoy Hotel, London, W.C.2, at 12.30 for 1 p.m. The 
guest of honour and principal speaker will be the Rt. 
Hon. Viscount Bruce of Melbourne, P.C., C.H., F.R.S., 
chairman of the Finance Corporation for Industry. 
Further particulars may be obtained from the secretary 
of the Association, Standbrook House, Old Bond-street, 


NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





NorTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 21, 2.30 
p.m., Neville Hall, Newcastle-upon-Tyne, 1. “ The 
Treatment of Slurries,” by Mr. J. L. Lewis. 
INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, September 1, 7 p.m., Royal Society of Arts, 
John Adam-street, London, W.C.2. ‘‘ The Story Behind 
Lubrication,” by Mr. F. N. Judson. (Illustrated by 
film.) Peterborough Branch: Thursday, September 2, 
7.30 p.m., Gas Company’s Office, Church-street, Peter- 
borough. Film on “ Rope Construction.” Birmingham 
Branch: Friday, September 3, 7.30 p.m., Imperial Hotel, 
Birmingham. ‘“ Feed Water,’”’ by Mr. W. Murray. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘‘ CoRINALDO.”—Single-screw refrigerated-cargo 
liner, built by Messrs. Charles Connell and Company, 
Limited, Scotstoun, Glasgow, W.4, for the Donaldson 
Line, Limited, Glasgow, C.1. Main dimensions: 450 ft. 
by 63 ft. by 38 ft. 11 in.; gross tonnage, about 8,000. 
Barclay Curle-Doxford engines of 6,800 b.h.p., con- 
structed by Messrs. Barclay, Curle and Company, Glas- 
gow, W.4. Launch, July 7. 

M.S. “ CycLops.”—Single-screw cargo liner, carrying 
12 passengers, built by Messrs. Scotts’ Shipbuilding and 
Engineering Company, Limited, Greenock, for Messrs. 
Alfred Holt and Company, Limited, Liverpool. Main 
dimensions: 450 ft. by 62 ft. by 35 ft.; deadweight 
capacity, 9,300 tons on a draught of 28 ft. 33 in. Eight- 
cylinder double-acting two-stroke B. and W. type 
engines, developing 6,800 b.b.p., constructed by the ship- 
builders, by arrangement with Messrs. J. G. Kincaid and 
Company, Limited, Greenock. Sea speed, 154 knots. 
Launch, July 21. 

M.S. “ Purrri.”—Twin-screw cargo vessel], built by 
Messrs. Henry Robb, Limited, Leith, for the Anchor 
Shipping and Foundry Company, Limited, Nelson, New 
Zealand. Main dimensions: 200 ft. by 39 ft. by 13 ft. ; 
deadweight capacity, 1,000 tons on a mean draught of 
11 ft. 9 in. Two five-cylinder British Polar engines, 
together developing 780 b.h.p., constructed by Messrs. 
British Polar Engines, Limited, Govan, Glasgow. Speed 
in service, 10 knots. Launch, July 22. 

S.S. “Boca MAvULE.”—Single-screw vessel, for the 
carriage of coal and iron ore, built and engined by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for the Compafifa Carbonifera y de Fundicién Schwager, 
Valparaiso. Main dimensions: 440 ft. 6 in. by 57 ft. 
10 in. by 32 ft. 6 in. to upper deck ; deadweight capacity, 
9,340 tons on a draught of 25 ft.4in. Steam recipro- 
cating engine, and three multitubular boilers burning 
Chilean coal, developing 1,770 i.h.p. for a service speed 
of 10} kuots. Trial trip, July 28. 

S.S..“ InIsH PINE.”—Single-screw cargo liner, built by 
Messrs. John Readhead and Sons, Limited, South Shields, 
for Messrs. Irish Shipping, Limited, Dublin. Main 
dimensions: 434 ft. by 56 ft. by 35 ft. 44 in. to upper 
deck; deadweight capacity, 7,500 tons. Triple-expan- 
sion engines of 4,600 ih.p., for a service speed of 
14 knots, constructed by the shipbuilders. Launch, 
August 9. 

M.S. ‘‘ CUMBERLAND.”—Twin-screw refrigerated cargo 
vessel, built and engined by Messrs. Alexander Stephen 
and Sons, Limited, Glasgow, S.W.1, for the Federal Steam 
Navigation Company, Limited, London, E.C.3. Main 
dimensions : 560 ft. by 70 ft. by 47 ft. 6in. ; deadweight 
capacity, 14,300 tons on a deep-load draught of 32 ft. 6 in. 
Two Stephen-Doxford Diesel engines developing 12,800 
b.h.p., giving a speed of 17 knots. Launch, August 11. 





EVENING COURSE ON SOIL MECHANICS AT LEEDS.— 
The Yorkshire Association of the Institution of Civil 
Engineers announce that it is proposed to give a course 
on “ Soil Mechanics ” for engineers, beginning in October 
and ending in March, 1949. The course will consist of 
21 periods at the University of Leeds, and will include 
lectures and laboratory and drawing-office work. The 
syllabus has been drawn up to meet the requirements of 
practising civil, structural and municipal engineers. The 
fee for the course will be 27. 10s., and the lecturers will 
be Professor R. H. Evans, D.Sc., M.I.C.E., Mr. S. Mackey, 
M.E., B.Sc., A.M.I.C.E., and Mr. S. Champion, M.Sc., 
AM.1.C.E. Owing to limited accommodation in the 
laboratories and drawing office, it is proposed to restrict 
the number of engineers taking the course to 60. After 
the conclusion of all lectures, opportunity will be provided 
for discussion. Engineers desiring to attend should 
apply to the Assistant to the Director of Extra-Mural 








maintenance are being extensively specified. 


London, W.1. 


Studies, The University, Leeds, 2, before September 1. 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themseives responsible 
for advertisers’ blocks left in their possession for more 
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THE PEACE-TIME USES 
OF ROYAL ORDNANCE 
FACTORIES. 


THE prophet Isaiah notwithstanding, it is doubtful 
whether a satisfactory sword has ever been con- 
verted into an equally satisfactory ploughshare. 
The conversion of spears into pruning hooks seems 
a little more feasible, on the face of things, but even 
so the smithing involved must have been compar- 
able with that required to make the initial spear ; 
and, presumably, even in Biblical times some 
account had to be taken of ‘‘ overheads.” As the 
centuries have passed and the practice of war has 
become steadily more complicated, the problem of 
converting war material to peaceable uses has 
increased in difficulty, partly because the cost factor 
has grown steadily in importance, but largely also 
because the material itself has become less and less 
amenable to conversion. An Elizabethan warship 
might have offered commercial possibilities as a 
cargo-carrier, but the warship of Napoleonic times 
—except, perhaps, the smallest categories—had no 
conversion value worth mentioning, and the modern 
warship, when no longer wanted for fighting, is 
saleable only as scrap metal. Similarly with laad 
equipment ; the G.S. wagon of the first world war 
had potential uses on farms (though the availability 
of large numbers of motor vehicles largely prevented, 
their realisation) but the converted jeep is an un- 
economical commercial vehicle at the best. 

The same ruling factors govern the disposal value 
of munitions plant and buildings, but here the 
changing character of war introduces other con- 
siderations which tend still more to aggravate the 
difficulty of putting them to good use in time of 
peace ; especially the need for dispersal, which has 
caused so many of these establishments to be sited 
in places where labour is normally scarce or no 
market is readily accessible. In many cases, and 
more particularly in those of the filling factories, 








than two years. 


the processes carried on had no exact counterpart 





tories completely of their war-time machinery in 
order to re-equip them with plant of a different 
character. A certain reserve of production capacity 
must be kept in a state of fairly ready availability 
and the men required to restart it also must be kept 
together as a nucleus for a possible rapid return to 
the type of product for which the factory was 
intended originally. 

These different requirements obviously conflict ; 
but the existence of various bottlenecks in ordinary 
commercial production inevitably gives rise to 
questions about the expediency of using the surplus 
capacity of ordnance factories, and their reserves of 
manpower. Any proposal to close a factory entirely 
and to disperse its personnel is certain to arouse 
local concern, probably expressed in Parliament by 
the Members representing the areas affected. The 
various proposals to use the Royal Dockyards in 
times of peace for the construction and repair of 
merchant ships provide a familiar example. The 
question is one, therefore, of ample importance to 
justify the interest taken in it by the House of 
Commons Select Committee on Estimates, whose 
Seventh Report, recently issued,* is devoted to the 
** Use of Royal Ordnance Factories and Royal Naval 
Establishments in connection with the Production 
and Export Drive.” The evidence given in the 
report was taken by Sub-Committee C, under the 
chairmanship of Mr. Frederick Willey, M.P., and 
the witnesses examined included representatives of 
the Ministries of Supply, Works, Transport and 
Defence, the Board of Trade, the Admiralty, the 
Railway Executive, and two commercial firms— 
Messrs. Dow-Mac (Products), Limited, and Messrs. 
Radiation, Limited—out of a considerable number 
concerned with the use of Government establish- 
ments for the production of goods also made by 
private firms or non-Government workshops. 

In the course of the inquiry, it transpired that the 
Ministry of Supply have retained in production 
some 22 Royal Ordnance Factories, of which 14 are 
engaged on some form of engineering work, five are 
explosives factories and three are filling factories. 
Another establishment was retained, but subse- 
quently was decided to be surplus to requirements. 
It was considered by the Ministry that, in order to 
ensure the necessary nucleus of essential labour for 
a possible return to purely Government work, the 
personnel employed should be maintained at the 
level of about 40,000 ; but to do so, it was realised, 
some additional work would have to be found for 
them. This was done by undertaking work for 
other Ministries and for industry generally, most of 
the industrial contracts being for the supply of 
components, as the Ordnance Factories possessed 
no design or sales staff. Most of the work was 
supposed to be undertaken on a cost basis com- 
petitive with that of outside firms normally engaged 
in similar branches of manufacture, but the evidence 
showed that, in many cases, this requirement could 
not be met—or, at any rate, was not met—though 
the reasons could not always be adduced. 

Of the heavy engineering products, the largest 
items were 16-ton all-steel railway wagons for 
mineral traffic, of which 22,000 were ordered from 
Royal Ordnance Factories, the rate of production 
being about 1,000 per month. Oil-boring machinery 
was another important item, for which it was pos- 
sible to adapt much of the plant formerly employed 
in gun production. The British Railways had a 
large quantity of concrete sleepers on order, for 
delivery ultimately at the rate of a million a 
year; and, among contracts of a more special 
nature, parts for a wind-tunnel were undertaken for 
the National Physical Laboratory, and contracts 
were also placed for steam turbines for electric power 
generation. As a contribution to the housing pro- 
gramme, the firm of Radiation, Limited, ordered, 
through the Ministry of Supply, 100,000 gas cookers ; 
the Ministry of Works placed orders for 50,000 steel 
houses, over 200,000 kitchen-bathroom units, and 
a quantity of steel cupboards. These last-men- 
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tioned orders were subsequently scaled down con- 
siderably ; for instance, the contract for kitchen- 
bathroom units was reduced to 32,500 sets, Rail- 
way wagon repairs were another large item; some 
woodworking machinery was made; and other 
factories were engaged on components for mech- 
anical and electrical engineering firms, and on 
ceramics, chemicals, laundry machinery, etc. 

In a number of large contracts, as indicated above, 
the costs of production proved to be higher than 
those ruling in private establishments, thus repeat- 
ing the experience of the previous post-war period 
when also attempts were made to keep Government 
establishments employed by placing civilian work 
with them. The order for steel mineral wagons, for 
instance, was placed on a cost basis ; but the price 
proved to be about 50/. more per wagon than that 
charged by the private builders and 1001. more than 
that of wagons built in the railway workshops. The 
Committee confessed themselves unable to account 
for the higher cost of the R.O.F. wagons, though 
they suggested—or accepted the suggestion—that 
the lack of special plant had something to do with 
the difference. Bearing in mind, however, that the 
private builders expect to show a profit, even after 
heavy taxation, the discrepancy is striking. The 
wagon repairs, also undertaken on a cost basis, 
likewise showed a considerable increase over the 
comparable figures of private firms—in fact, they 
were about double the amount. 

Experience with other kinds of manufacture was 
broadly similar. The concrete sleepers were esti- 
mated to cost appreciably more than those made by 
private firms, though the amount of the excess could 
not be stated with certainty. Incidentally, it came 
out in the evidence that track relaying with concrete 
sleepers was expected to cost between 200]. and 
3001. per mile more than with wooden sleepers, 
because of the extra labour in handling them, the 
concrete type weighing about three times as much 
as the wooden sleeper. Office furniture was another 
item, the cost of which was so much increased when 
the work was placed with the Government factories 
that the Ministry of Works stated that future orders 
would be placed only on a strictly competitive basis. 
The Admiralty, the report shows, made a slight 
profit on their mercantile ship-repairing activities ; 
but it is not clear how their costs compared with 
those of regular ship-repairing firms, and it may well 
be that the urgency of some of the work led the ship- 
owners to accept Dockyard costs as the only prac- 
ticable means of getting the repairs done at all in a 
reasonable time. The Royal Dockyards, of course, 
are essentially and primarily ship-repairing establish- 
ments, but it seems probable that the private repair- 
ing yards have never been in the position where 
they were unable to compete with the Dockyards on 
price, assuming that they had the capacity available 
to undertake the work at all. 

The Sub-committee came to the conclusion that 
a great part of the increased cost of using the 
Government establishments was attributable directly 
to the method of calculating overhead expenses. 
It was assumed, they stated, that “‘ normal ” output 
was 75 per cent. of the full capacity and the over- 
heads were calculated ‘on that basis; whereas, in 
fact, the Royal Ordnance Factories as a whole were 
only working to 30 per cent. of their capacity and, 
in one case, the proportion was only 5 per cent. 
Less than a quarter of the capacity of the 22 fac- 
tories retained was being used on work for the 
Services, and about 5 per cent. for civilian orders. 
‘In such circumstances,” to quote the Committee’s 
conclusions, “‘ it is impossible to do either Service or 
civil work economically.” The Royal Ordnance 
Factories and the Royal Dockyards, they considered, 
had made a useful contribution to the relief of 
various industrial bottlenecks, but they were handi- 
capped in some respects by the need to be prepared 
for a quick switch back to the Service production 
for which they were designed. In fact, they were 
trying to achieve a balance between two irreconcil- 
able tasks; but, the Committee declared firmly, 
“the time has now come when the transition period 
should be considered to be over, and when these 
difficulties should be squarely faced.” If that 
advice is taken and applied literally, a sharp reduc- 
tion in the contracts for civil work appears to be 
highly probable. 





THE NATIONAL BUREAU OF 
STANDARDS. 


THE report of the United States National Bureau 
of Standards for the year 1947 opens with the words, 
its “range of activities ...is extensive and 
diversified, making difficult any concise and con- 
nected summary.” There is no doubt about the 
correctness of this statement. At the end of the 
year, the staff of the Bureau totalled 2,500, this 
figure including 934 professional engineers, chemists 
and other scientists, 566 scientific assistants and 
technicians, 73 research associates and 21 guest 
workers. In addition to the main laboratories at 
Washington, the Bureau maintains six testing 
stations, mainly concerned with cement analysis, 
in various parts of the country ; a railway test-car 
station; seven main and eleven auxiliary field 
stations for radio investigations ; and a transmitting 
station. The work of the Bureau may be divided 
into four classes, concerned, respectively, with 
research and development ; testing and calibration ; 
advisory services ; and co-operative activities with a 
large number of other bodies, such as the American 
Society for Testing Materials, the American Stan- 
dards Association, the Joint Aeronautical Board, and 
a number of Army and Navy scientific committees. 

The various activities necessarily overlap, but in 
general terms it may be said that research and 
development constitute the most important work 
of the Bureau. This extends from fundamental 
investigations in physics, particularly in the radio 
and the atomic energy fields, to the development of 
light-weight concrete. The leading position which 
research has taken in the activities of the National 
Bureau of Standards has resulted in its name becom- 
ing somewhat inappropriate; the designation, 
National Physical Laboratory, used for the corres- 
ponding institution in this country, constitutes a 
more correct description of the functions of the 
organisation. The term Bureau of Standards was 
probably coined because from the first the institution 
has been concerned with the testing and specification 
of materials supplied to the Federal Government 
which “‘is the largest single purchaser of equipment 
and commodities in the world.” Testing and cali- 
bration is carried out for the public as well as for 
Government agencies, and in the year under review 
150,000 tests and calibrations, representing a fee 
value of 900,000 dols., were made. The scale of 
some branches of the work is illustrated by the facts 
that 2,500 lamp bulbs were tested, representing 
samples from three million purchased by the Govern- 
ment, the sample-testing of three million barrels of 
cement was carried out, and 22,872 clinical thermo- 
meters were calibrated. 

During the war, the Bureau was necessarily 
mainly concerned with work for the armed forces, 
but by 1947 the bulk of its peace-time activities had 
been resumed, although a considerable part of its 
energy is still devoted to matters bearing on national 
defence. The main research work of the Bureau 
may be divided into fundamental and applied. The 
first is largely concerned with basic physical pheno- 
mena ; the second with the development of appara- 
tus and methods by which physical developments 
may be utilised in practice. An example of this latter 
class is the major programme concerned with the 
design of electronic computing machines, which 
comes within the sphere of the section concerned 
with applied mathematics. The Office of Naval 
Research, the Bureau of the Census and the Army 
and Air Force are associated with this work. Two 
new machines have been designed and are in course 
of construction. A recent development in the field 
of applied mathematics is the establishment of a 
statistical engineering section to deal with problems 
of statistical sampling and the interpretation of 
experimental data. This department of the Bureau 
is also engaged in the preparation and publication 
of specialised mathematical tables. 

In the field of pure physics, considerable work is 
being carried out for the Atomic Energy Commis- 
sion; the development of methods of analysis for 
impurities in certain elements is among the investiga- 
tions in hand at the present time. As far as research 
in the United States is concerned, the atomic-bomb 





Bureau, as when it had been decided.to proceed in 
the matter the Bureau was the first scientific 
organisation which the Government consulted, and 
work was initiated in its laboratories. Much work 
is being done in the application of electronic methods, 
an example being the development of electronic 
micrometers. Two types have been produced, the 
first is designed for the measurement of the thickness 
of ceramic coatings ; it makes use of the variation 
of inductance of a coil as its distance from a con- 
ducting surface is altered. The second instrument 
is intended for measuring bearing clearances in 
steam turbines and has been developed for the 
Navy Bureau of Ships. Its method of operation 
depends on the effect of displacement from a metal 
surface on the mutual inductance between two coils. 

As already indicated, it is not possible even to 
mention more than a very small selection from 
among the great range of investigations in hand, and 
the selection must be largely arbitrary. A matter of 
interest in the field of heavy engineering is the 
building of a series of compression dynamometers 
for calibrating testing machines. It is stated that 
“‘no satisfactory methods of calibrating testing 
machines for loads exceeding 100,000 pounds in 
tension and 2,000,000 in compression are available.” 
A 1,000,000-lb. capacity compression dynamometer 
has been built and calibrated. Three further 
machines of this capacity are being built and four of 
3,000,000 lb. capacity. The 3,000,000 Ib. machines 
will be calibrated by means of those of 1,000,000 lb., 
and it will be possible to measure up to 10,000,000 lb. 
in compression by means of a number of the 
3,000,000-lb. machines. Another engineering mea- 
suring device of a very different class is the new type 
of thermocouple pyrometer which has been deve- 
loped for gas-turbine work. The range of the instru- 
ment has been increased to 2,000 deg. F. by the use 
of platinum radiation shields. 

As in this country, much attention is evidently 
being given to domestic heating methods and a 
‘“‘test bungalow”? has been built in which the 
efficiency of various types of heating appliance can 
be compared ; work has also been carried out on 
panel heating. It is stated that tests of four ceiling- 
heating systems in commercial use showed that 
common defects were excessive fuel consumption 
owing to air leakage and insufficient insulation in 
the plenum chambers. Other work in the field of 
applied heat was concerned with thermal conduc- 
tivity at high temperatures and the self-ignition tem- 
perature of liquids. Apparatus has been developed 
for the measurement of the thermal conductivity of 
refractory and ceramic materials up to temperatures 
of 2,000 deg. F. In connection with the self- 
ignition of liquids, it is stated that ‘* there has been 
much divergence in values of ignition temperature 
reported by different investigators because of differ- 
ences in concepts of the property and the methods 
for its determination.” The procedure which has 
been developed is based on self-heating of the 
liquid from an initial temperature which can be 
readily and accurately determined. It “should go 
far in clarifying the confusion in concepts, methods, 
and reported values that has been notable in this 
field.” 

The range of the activities of the Bureau is well 
illustrated by a list of the various technical bodies 
with whom it co-operates. This is too long to quote 
here, but includes the various scientific institutions 
and research bodies dealing with aeronautics, auto- 
mobile engineering, mechanical engineering, heat- 
ing and ventilation, refrigeration, horology, elec- 
trical engineering, geophysics, textiles, pulp and 
paper, leather, rubber, ceramics, concrete, road 
construction, and ratio. The list, which covers 24 
names of organisations, does not include the 
various semi-Government joint bodies concerned 
with research work for the armed forces, nor to 
many international commissions in the work of which 
the Bureau takes a part. It has been suggested 
that the Bureau possibly owes its name to the fact 
that it is concerned with the preparation of specifica- 
tions for Government supplies. It apparently covers 
the whole field of purchases, with the exceptions 0 
food and drugs. There are 72 Federal Specification 
Committees, and more than 1,750 specifications and 
20 emergency alternative specifications, designed to 


project may be said to have originated in the | conserve strategic materials, are in current use. 
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NOTES. 


Tue ‘ Mopet ENGINEER” EXHIBITION. 


TuE 23rd Model Engineer Exhibition opened at 
the New Royal Horticultural Hall, Westminster, 
§.W.1, on Wednesday, August 18, and will be open 
daily from 11 a.m. to 9 p.m. (Sundays excepted) 
until August 28. Apart from its popular appeal, 
this annual event has become an eagerly awaited 
reunion of modelmakers, both club members and 
“Jone hands,” who were present in force on the 
opening day. Inevitably, the originator of the 
Exhibition, the late Mr. Percival Marshall, who died 
on April 8, was much in the minds of the regular 
supporters, and the remark of Mr. Kenneth Garcke, 
in addressing the exhibitors and other invited 
guests—that the Exhibition was to be regarded 
in some measure as a memorial to “ P.M.,”—was 
received with evident sympathy. All the usual fea- 
tures are again to be found, including the railway 
track of the Society of Model and Experimental 
Engineers, which was omitted last year. The 
circular track-cum-tank-cum-aerodrome, in which 
model motor-cars, power boats, and power-driven 
aircraft are demonstrated, has been retained, and 
evidently appeals strongly to the general public, 
though the noise of the unsilenced miniature Diesel 
motors makes conversation difficult over a great part 
of the hall while the demonstrations are in progress. 
An innovation in the present Exhibition is an Inter- 
national Section containing a varied selection of 
exhibits contributed from Austria, Canada, Den- 
mark, France, Holland, Norway, Spain, Sweden and 
Switzerland ; and, on behalf of these exhibitors, Mr. 
Arvid Ohlin, of Stockholm, followed Mr. Garcke’s 
address at the opening with another which showed 
that model-making, like science, takes little account 
of frontiers. A general survey of the exhibits sug- 
gests that locomotives and ships are still the most 
popular subjects among modelmakers ; the aircraft 
section, which has grown greatly in recent years, 
really constitutes a separate field, in which the pro- 
duction of true-to-scale models is not so much in 
evidence as in the other classes. One of the finest 
models, probably, that has been shown in any 
exhibition (and the winner of this year’s Champion- 
ship Cup) is the 7}-in. gauge ‘‘ Duchess of Buc- 
cleuch ” locomotive of the former London Midland 
and Scottish Railway, which is the result of five 
years’ work by Mr. H. C. Powell, of the Crewe works 
of that railway. War-time types of naval vessels 
are numerous, and include a large self-propelled and 
radio-controlled model of H.M.S. Vanguard, but the 
attraction of sailing craft, both seagoing and coastal, 
is still strong. Marine engines are well represented, 
and it is interesting to note how the steam reciprocat- 
ing engine, even in its more modern forms, is gradu- 
ally acquiring the status of a historical type. 
Among aircraft engines, the jet power unit has now 
appeared to challenge the supremacy of the small 
internal-combustion engine, now made on almost 
quantity-production lines. Mention may be made 
also of a striking exhibit consisting of a case of 
miniature models, several of remarkably small size. 


IncrEaASEs IN ELeEcrricrry CHARGES. 


It is announced that, after a review of the financial 
position of the industry extending over several 
months, the British Electricity Authority have 
arranged with the Area Boards to increase the 
running, or unit, charge of all two-part, multiple, 
block or flat-rate tariffs, which do not include a 
coal-price adjustment clause, to a minimum of 
0-75d. per kilowatt-hour. This increase is consi- 
dered necessary to meet the rises in coal prices and 
wages introduced just before the vesting date, 
which have added to the cost of electricity. It 
is not connected with the Clow Committee’s recom- 
mendation that the charges should be higher 
in the three winter months than during the rest 
of the year, the best method of doing this being still 
under consideration. On the other hand, it may 
be regarded as a first step towards standardising 
charges over the country, since it will bring the 
comparatively few lower-charge districts up to 
the level of the majority. The Area Boards will 


charges, which will probably come into force after 
the next meter readings, will be announced in a 
few days. It is estimated that the increase will 
bring in an extra 1,000,0001. in the current financial 
year and 2,000,000/. in a full year. It will be re- 
called that, earlier this year, the British Electricity 
Authority had to arrange with the Area Boards to 
increase the charges for electricity in about 150 
areas. These adjustments only put into effect 
increases sanctioned before nationalisation, or 
where there was clear evidence that an increase 
was necessary to avoid or limit a local loss. If 
these increases had not been made, the local losses 
would have been a burden on consumers as a whole. 
The present price revision is obviously of a more 
general nature. 


Non-Ferrovus Mera Statistics. 


As.announced on page 375 of our issue of April 16, 
the British Bureau of Non-Ferrous Metal Statistics 
was founded jointly, this spring, by the British 
Overseas Mining Association, which represents 
British mining companies operating abroad, the 
British Non-Ferrous Smelters’ Association, repre- 
senting smelters and refiners in the United Kingdom, 
and the British Non-Ferrous Metals Federation, 
representing the producers of wrought non-ferrous 
metals in this country. The Bureau is a non-profit- 
making body and its object is to collect and publish 
statistics of the production, movement, stocks and 
consumption of non-ferrous metals throughout the 
British Empire and Commonwealth of Nations. 
The intention of the Bureau is to publish each month 
a Statistical Bulletin which will contain the figures 
relating to the previous month. The first issue of 
the Bulletin has now been published and in it are 
set out tables covering the production and con- 
sumption of copper, lead, zinc, tin, antimony and 
cadmium up till June, 1948. There are 22 tables 
relating to copper, 21 concerning zinc, 10 covering 
lead, seven dealing with tin, and two relating to 
antimony and one to cadmium. The statistics 
given in the tables concern production, stocks, 
exports, imports, consumption and other matters. 
Copies of the Statistical Bulletin may be obtained 
from the Bureau, 132, Hagley-road, Birmingham, 16, 
the subscription rate being 101. 10s. per annum, 
post free in this country. Alternatively, extracts 
from the Bulletin in the form of loose-leaf tables 
relating to particular metals are obtainable, free of 
charge, on application to the Bureau. It is pointed 
out, however, that the development of the work 
of the Bureau will depend on the volume of the 
subscriptions, upon which it will rely to supplement 
the fixed annual grants made to it by the three 
founder organisations. As stated in our previous 
note on the subject, the Bureau has the support of 
the Ministry of Supply and all the principal Empire 
producers of non-ferrous metals are co-operating in 
its work. 


THE WoRLD’s SHIPBUILDING. 


That there is still no sign of any lessening in the 
activity of the shipbuilding yards of this country 
is evidenced by the statistics contained in the 
recently issued Lloyd’s Register Shipbuilding Re- 
turns for the quarter ended June 30, 1948; on the 
contrary, the trend continues to be upward. The 


than the figures for June 30, 1947. 





make their own adjustments, and details of the 


Germany, Japan and Russia in the Returns. The 
leading foreign shipbuilding countries and the totals 
under construction in their shipyards on June 30 
last, are as follows: France, 331,216 tons ; Sweden, 
241,980 tons; Italy, 220,805 tons; Holland, 
219,628 tons; the United States, 162,072 tons ; 
and Denmark, 118,711 tons. In the foreign coun- 
tries for which statistics are obtainable, the shipping 
commenced during the June quarter totalled 
342,650 tons, that launched aggregated 292,023 tons, 
and that completed comprised 372,803 tons. The 
vessels being built in the world on June 30 included 
22 steamers and 71 motorships, each of between 
6,000 tons and 8,000 tons; 18 steamers and 61 
motorships of between 8,000 tons and 10,000 tons ; 
35 steamers and 56 motorships of between 10,000 
tons and 20,000 tons; three steamers and one 
motorship of between 20,000 tons and 30,000 tons ; 
and four steamers of between 30,000 tons and 40,000 
tons. All the vessels exceeding 20,000 tons are 
being built in Great Britain and Northern Ireland. 
Tankers still form a large proportion of the new 
vessels under construction—only about 8-7 per cent. 
in numbers, but 24 per cent. of the total tonnage, 
the actual figures being 99 ships of 964,312 tons. 
Of these, 14 are steamers, totalling 161,870 tons, 
and 85 are motorships, amounting to 802,442 tons. 
Sixty-one of the 99 ships are being built in the 
British Isles. The distribution of the 457 ships 
under construction in Great Britain and Northern 
Treland is shown in a separate table in the Returns, 
from which it appears Glasgow easily heads the list 
with 114 vessels of 535,630 tons, the Tyne coming 
second with 51 ships of 417,305 tons, Belfast third, 
with 25 ships of 260,900 tons. Sunderland takes 
fourth place with 45 ships totalling 232,450 tons, and 
Greenock the fifth, with 43 ships of 222,620 tons. 
The total of work in hand on the Clyde, therefore, 
amounts to 157 ships, aggregating 758,250 tons, or 
almost exactly a third of the total under construc- 
tion in the British Isles. Out of the total world 
tonnage in hand, 2,680,967 tons, equal to 66-7 per 
cent., is being built under the inspection of Lloyd’s 
Register. 


Fioop DamaGce To Roaps anp Raiiways. 


Seven railway underbridges have been washed 
away and at least 50 road bridges have collapsed 
or been damaged in south-east Scotland and north- 
east England as a result of severe flooding which 
followed heavy rain storms last week. More than 
4 in. of rain fell in 24 hours in Midlothian. Railway 
traffic between Newcastle-on-Tyne and Edinburgh 
was stopped, and it is stated that the restoration of 
the damaged works will take about two months. 
The Royal Engineers are assisting Ministry of 
Transport divisional road engineers and the county 
authorities in the task of reopening damaged roads 
and bridges, and Bailey bridging is being used 
temporarily. On Monday, August 16, the Railway 
Executive stated that between Berwick-on-Tweed 
and Burnmouth, Ayton and Reston, Reston and 
Grantshouse, and Grantshouse and Cockburnspath, 
seven underbridges had been washed away. In 
addition, serious subsidences had undermined the 
track between Grantshouse and Cockburnspath. 
Several freight trains were trapped in the area and 
special arrangements were being made, where 


figures show that the merchant shipping under | practicable, to remove the goods. Traffic was being 
construction on June 30 totalled 2,243,703 gross | diverted via Newcastle, Carlisle and Carstairs, but 
tons, this being 105,668 tons higher than the total|the Waverley route from Carlisle to Edinburgh, 
for the previous quarter and 189,327 tons greater | which was also blocked by flooding and landslides 
The latest | at numerous points between Galashiels and Bonny- 
aggregate, in fact, has not been exceeded since | rigg, had been opened to single-line traffic. It was 
December, 1921, when the total steam and motor | anticipated that another diversionary route would 
merchant tonnage recorded was 2,638,679 tons. | be available between Tweedsmouth and St. Boswells 
The total of 2,243,703 tons is made up of 213] via Kelso. 
steamers, aggregating 992,167 tons, and 244 motor- | reminiscent of the conditions in the Fen districts 
ships, comprising 1,251,536 tons. During the June |early' in 1947—has been the lake of floodwater 
quarter, 375,000 tons of shipping were commenced | which formed against the embankment of the main 
in the shipyards of this country, 301,730 tons were | London-Edinburgh line at Ayton in Berwickshire. 
launched, and 274,323 tons were completed, and the | It threatened to inundate the homes of the 2,000 
tonnage on which work was suspended amounted to| people in the coastal town of Eyemouth, and, 
790 tons only. The tonnage of steamers and motor- | although an attempt was made to cut two channels 
ships under construction abroad at the end of | in the top of the embankment, to release the water, 
June totalled 1,778,186 gross tons, which figure is | this was stopped as it was thought to be weakening 
less by 3,153 tons than that recorded on March 31. | the embankment. 


The greatest cause for anxiety— 


Another channel has been dug, 





It is still not possible to include statistics for | farther along the embankment. 
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LETTER TO THE EDITOR. 
THE FIRST DYNAMOMETER CAR. 


To THe Eprror or ENGINEERING. 


Smr,—The more mechanically-minded among 
railway amateurs, as well as some of the professional 
railway engineers referred to in your article on the 
“*Dynamometer Car for the Illinois Central Rail- 
way ” (page 100, ante), may find interest, perhaps, 
in a note on what was apparently the first dynamo- 
meter car. Particulars of it will be found in chapter 
xxv of the autobiographical work Passages from the 
Life of a Philosopher, published by Charles Babbage, 
F.R.S., in 1864. Babbage, who was born in 1792 
and died in 1891, was one of the leading mathema- 
ticians of his day and is remembered for the construc- 
tion of his calculating machine, now in the Science 
Museum. A drawing of a part of this wonderful 
machine forms the frontispiece to his Passages, 
and underneath\is the statement that “It was 
commenced 1823. This portion put together 1833. 
The construction abandoned 1842.” 

This was not the only project abandoned by Bab- 
bage, for he Kad original ideas of most things under 
the sun, and in his book he treats of such things as 
the calculus, picking locks, visions and miracles, 
elections, the Prince Consort, etc. He had many 
of the qualifications for a head of a railway research 
department, but not all. It was natural for him 
to be present at the opening of the Liverpool and 
Manchester Railway, and equally natural for him 
to make suggestions for greater safety. Later, he 
was familiar with I. K. Brunel and was interested 
in the Great Western Railway. Asked his opinion 
by the directors of that line, he suggested making 
some experiments; so he was provided with a 
locomotive and a second-class carriage, and an 
Official was detailed to assist him. He turned the 
carriage into a dynamometer car, and experimented 
with it in 1839 on the line from Maidenhead to 
Drayton. 

Babbage removed the internal parts of the carriage 
and equipped it with recording apparatus. “‘ Through 
its bottom,” he wrote, “firm supports fixed upon 
the framework below, passed up into the body of 
the carriage, and supported a long table, entirely 
independent of its motions.” On this table slowly 
rolled sheets of paper, each a thousand feet long. 
Several inking pens traced curves on the paper, 
which expressed the following measures :— 


1. Force of traction. 

2. Vertical shake of carriage at its middle. 

3. Lateral shake of carriage at its middle. 

4. End shake of carriage at its middle. 

5, 6 and 7. The same shakes at the end of the 
carriage. 

8. The curve described upon the earth by the 
centre of the carriage. 

9. A chronometer marked half seconds on the 
paper. 

“* About two miles of paper were thus covered. 
These experiments cost me about 3001. and took up 
my own time, and that of all the people I was then 
employing, during five months.” 

There is more of interest to railway engineers 
in chapter xxv, including the opinion of George 
Stephenson that, if he were consulted about the 
gauge for a system of railways to be inaugurated, 
he would advise a slightly broader gauge than that 
of 4 ft. 8h in. “I would take a few inches more,” 
he told Babbage, ‘‘ but a very few.” 

Yours faithfully, 
Epe@ar C. Smiru, 
Engr.-Capt., R.N., (retd.) 
Keeper’s Corner, 
Horley, Surrey. 
August 13, 1948. 





AMERICAN SOCIETY FOR TESTING MATERIALS.—The 
annual index to the standard specifications of the Ameri- 
can Society for Testing Materials has recently come to 
hand. It contains numerical and subject indexes, and 
other particulars regarding the 1,500 standard specifica- 
tions and publications of the Society. Copies may be 
obtained gratis on application to the Society’s head- 
quarters at 1916, Race-street, Philadelphia -3, Pennsyl- 
vania, U.S.A. 





OBITUARY. 


DR. W. CULLEN. 


Ir is with regret that we note the death of Dr- 
William Cullen, which occurred at Edinburgh on 
August 14. William Cullen, who was for many 
years in practice as a consulting chemical and metal- 
lurgical engineer, was born in Glasgow on May 18, 
1867, and was educated at Hutcheson’s Grammar 
School and the Andersonian College, Glasgow, and 
at the School of Mines, Freiberg, Saxony. In 1890, 
he entered the service of Messrs. Nobels Explosive 
Company, Limited, and eight years later joined the 
staff of Messrs. Kynoch Limited. In 1901, Cullen 
went out to South Africa as general works manager 
of the dynamite factory at Modderfontein, Trans- 
vaal. He occupied this position for 14 years, during 
which he was active in several spheres, being an 
ardent supporter of scientific education. For a 
number of years he served on the Council and 
eventually became chairman of the Governors of 
what is now the University of the Witwatersrand. 
For his services, the University conferred upon him 
the degree of LL.D. in 1925. On returning to this 
country in 1915, Cullen entered the Ministry of 
Munitions, in which he served until 1919. Subse- 
quently, he practised as a consultant, served on the 
boards of mining and oil companies, and devoted 
much time to lecturing on various mining and metal- 
lurgical subjects. Dr. Cullen was President of the 
Chemical, Metallurgical and Mining Society of South 
Africa from 1905 to 1906, of the Institution of 
Mining and Metallurgy from 1929 to 1930, of the 
Institution of Chemical Engineers from 1937 to 1939, 
and of the Society of Chemical Industry from 1941 
to 1943. 


MR. W. M. RATCLIFFE. 


WE regret to record the death, on August 6, at his 
home in Worcester, of Mr. W. M. Ratcliffe, joint 
managing director of Messrs. Heenan and Froude, 
Limited, and director of a number of associated 
firms. Mr. Ratcliffe, who was one of the best-known 
industrialists in the west of England, had been 
managing director of Messrs. Heenan and Froude 
for eleven years, but was obliged by failing health 
to relinquish some of his activities about a year 
ago. He was 62 years of age. 

Wilfred Morley Ratcliffe, who was born in Bolton 
on August 4, 1886, provided in his early life an 
interesting contradiction of the implication, some- 
times heard, that the Victorian era afforded insuffi- 
cient opportunities to the “lad o’ pairts,” for the 
greater part of his schooling, general and technical, 
was obtained by means of scholarships. Between 
1894 and 1899, he held scholarships at secondary 
schools in Bolton, and in similar fashion was enabled 
to attend the technical institute there, as a day 
student taking the engineering course, from 1899 
to 1901. In the latter year, being then 15 years of 
age, he entered upon an apprenticeship with Hick, 
Hargreaves and Company, of Bolton, then mainly 
engaged on steam mill engines, and in 1905-6 he 
served as a junior draughtsman with J. Booth and 
Sons, also of Bolton. His next appointment, 
still in Bolton, was as a draughtsman with Edward 
Bennis and Company, where he remained for five 
years, but, in July, 1910, he migrated to Worcester, 
entering the drawing office of Messrs. Heenan and 
Froude, with whom he spent the rest of his life. 

In his new employment, Mr. Ratcliffe’s promotion 
was rapid; in seven years he progressed through 
the positions of chief estimator, assistant sales 
manager, and contracts manager in the Specialities 
Department, to be manager of that department, 
and, a year later, was appointed general manager 
of the company. After another twelve months— 
in 1920—he was made a director. Eventually, in 
1936, he became managing director, retaining that 
office until 1947, when, as stated, the state of his 
health obliged him to share the duties of that appoint- 
ment. He was also a director of Fielding and Platt, 
Limited, Gloucester ; of the Court Works, Limited, 
of Madeley; the New Destructor Company and 
Associated Locomotive Equipment, Limited, both 
of Worcester; Wellesley Holdings, Limited ; 
Hygranic Development, Limited, and Industrial] 





Waste Eliminators, Limited. In the wider indus. 
trial field, too, Mr. Ratcliffe was equally well known. 
He joined the management board of the Engineering 
and Allied Employers’ West of England Association 
in 1919, and occupied the presidential chair from 
1937 until his death; and, from 1919 onwards, 
served also on the board of the national body, the 
Engineering and Allied Employers’ Federation, 
Among other local appointments, also, he served 
on the Worcester district committee of the Midland 
Regional Board and, during the recent war, was 
chairman of a number of Regional Committees 
associated with various Ministries. 


MR. J. S. DOW. 


WE learn with regret of the death of Mr. J.S. Dow, 
which occurred after a short illness at Highgate, 
London, N.6, on Thursday, August 12. Mr. Dow, 
who was well known as an illuminating engineer, 
was 67 years of age. 

John Stewart Dow was born in London in 188], 
and received his technical education at the City 
and Guilds of London Engineering College, South 
Kensington, where he obtained his degree as 
Bachelor of Science and qualified as Associate of 
the City and Guilds of London Institute. On the 
completion of the electrical engineering course, he 
was for some years on the staff of the college. 
During the latter part of this period he was engaged 
on research work, and, in particular, devoted him- 
self to the study of photometric problems. In 1908, 
he began his long association with Leon Gaster, 
who will be remembered as a robust enthusiast 
for better artificial lighting, and with him founded 
The Illuminating Engineer, of which he became 
assistant editor. He was appointed editor in 
1928, on the death of Mr. Gaster, and continued 
to act in this position after 1936, when the title of 
the journal was changed to Light and Lighting. 

Dow, however, was, perhaps, best known for his 
unbroken connection with the Illuminating Engin- 
eering Society, of which he was a founder member 
and the first honorary assistant secretary. He 
became honorary secretary in 1928, a position he 
held until he was appointed president in 1946. At 
the conclusion of his term of office, he continued to 
serve on the Council, and, it may be recorded, that, 
during the whole 39 years he was present at every 
meeting of that body. He was also a Fellow of the 
Society, and in recognition of his services was elected 
an honorary life member in 1942, an honour which 
he shared only with the late Mr. A. P. Trotter. 
He was also honorary secretary of the Association 
of Public Lighting Engineers from 1931 to 1935, 
and had served on the Departmental Committee on 
Factory Lighting, on the Illumination Research 
Committee, on the Lighting Committee of the 
Building Research Board, and on other committees 
concerned, with lighting. 


PROFESSOR A. F. C. POLLARD. 


We note also, with regret, the sudden death of 
Professor Alan Faraday Campbell Pollard, formerly 
of the Imperial College of Science and Technology, 
which occurred at his home in Thames Ditton, 
Surrey, on August 15. He was the son of Lieut.- 
Colonel B. H. Pollard, of the Indian Staff Corps, 
and was born on November 30, 1877. He was 
educated at Cheltenham College and afterwards 
studied physics at University College, and at King 8 
College, London, taking also some courses at St. 
Bartholomew’s Hospital. He obtained the Asso- 
ciateship of the Royal College of Science, and, in 
recent years, was awarded the degree of D.Sc. (Eng.). 
He joined the technical staff of Siemens Brothers, 
Limited, Stafford, in 1907, and became chief 
physicist to Nobel’s Explosives Company, Limited, 
Ardeer, in 1913. During the war of 1914-18 he 
became a Captain, R.A.F., and was in charge of 
the development of certain types of aircraft instru- 
ments at the Air Ministry. Pollard was appointed 
Professor of Instrument Design at Imperial College 
in 1919 and retired, and was made Professor Emeritus, 
in September, 1943. He had served as honorary 
secretary of the Optical Society, London, and was a 
Fellow of the Physical Society and the Institute of 
Physics. He was elected an associate member of 
the Institution of Electrical Engineers in 1909. 
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THE THIRD CONGRESS ON 
LARGE DAMS. 
(Continued from page 163.) 

We continue below our report on the Third 
Congress on Large Dams (held in Sweden under 
the auspices of the World Power Conference from 
June 10 to 17) by resuming the summary of Mr. 
Marcel Mary’s report on the 19 papers relating to 
the second of the four topics before the Congress ; 
namely, “‘ Research Methods and Instruments for 
Measuring Stresses and Deformation in Earth and 
Concrete Dams.”’ The sections immediately follow- 
ing form a continuation of the first part of Mr. 
Mary’s report, which dealt with ‘“‘ Measuring 
Methods and Apparatus.” 


MEASUREMENT OF DISPLACEMENTS OF THE SOIL 
AND OF EARTHWORKS. 


Messrs. Drouhin, Mallet and Gautier (Algeria) 
described the method used for measuring the settling 
of the soil under the foundations of the dam at 
Bou-Hanifia, a rock dam on a foundation of sandy 
marl, resting on Miocene diorite. The reference 
marks consisted essentially of metal rods attached 
to the top of the diorite substratum, and sliding in 
bitumen-packed tubes. These rods issued into 
inspection shafts, and were about 50 m. in length. 
A second rod fixed to the overburden at the base of 
the filter recorded the settling at that point. The 
measurements were made by levelling. Mr. Fred C. 
Walker (United States) referring to the device 
consisting of a flat plate supporting a rod rising 
to the surface of the dam, pointed out that it was 
impossible to align two plates accurately on the 
same vertical line. In the alternative form in 
which the rod was replaced by a tube, it was 
possible, by using a number of tubes sliding inside 
each other, to arrange a number of plates at different 
levels on the same vertical, but the possible number 
was restricted. The Bureau of Reclamation installed 
in several dams an arrangement of telescopic tubes, 
each plate having a short tube passing through the 
centre; any desired number of plates could be 
arranged on the same vertical line, the tubes being 
connected with each other by tubes of slightly larger 
diameter, into which they could slide. Measure- 
ments were made by means of a “torpedo” pro- 
vided with two pawls, which was lowered to the 
bottom of the hole; when this device was raised, 
the successive engagement of the pawls with the 
lower edges of the short tubes enabled the levels 
of the different plates to be noted. The plates 
were usually spaced 1-5 m. apart, enabling a number 
of points to be observed. 

Mr. Lossmann reported on the use on the Kninicky 
Dam of the method of communicating vessels 
suggested by Professor Terzaghi; by using verniers, 
the measurements of the levels from which the 
amount of settling of the foundations could be 
calculated were effected with an accuracy within 
0-5 mm. Finally, Mr. Henri Gicot (Switzerland) 
described a mechanical device incorporating levers, 
with which he measured the settling at the base of 
a post or strut under long-continued load, in order 
to determine the elastic and plastic properties of a 
particular soil, both vertically and horizontally. 


MEASUREMENT OF INTERNAL EARTH 
PRESSURES. 


Mr. G. Magnusson described four instruments 
designed and tested in Sweden for measuring the 
internal pressures in earthworks. Any such instru- 
ment, he stated, should have a modulus of elasticity 
approaching that of the medium in which it was 
placed. He cited two equations proposed by Mr. 
Wallen for calculating the earth pressure in terms 
of the observed pressure in a membrane box, with 
known values of the modulus of elasticity of the 
earth and the box, respectively; one equation 
related to a cylinder compressed between two rigid 
ends, and the other to a rigid cylinder with ends 
formed by flexible membranes. The hydraulic 
instrument of the Civil Engineering Department of 
the State Power Board (Sweden) incorporated two 
rigid plates, 250 mm. in diameter and 2 mm. thick, 
connected by a U-shaped flexible copper sheet, 
0-25 mm. thick. The apparatus was connected 


to a pressure gauge by a brass pipe. This instru- 
ment had given satisfaction. The Kjellman hy- 
draulic gauge comprised a rigid plate, corrugated 
circumferentially and radially, with a second plate, 
having a tapered edge, resting on these corrugations. 
This arrangement was connected by a pipe to a 
compressed-air bottle. By increasing the air pres- 
sure, the liquid in the system was lowered, at first 
slowly while compressible, and then abruptly, when 
the plates separated. ‘The Swedenborg electrical 
induction instrument consisted of two plates 
soldered together at their edges. Two internal cells 
contained two magnetic coils, and, between these 
two coils, the plates were spaced 0-1 mm. apart, 
leaving a small air gap. When the thickness of 
this layer of air was varied by a relative motion of 
the two plates, the impedance of the circuit changed, 
the variation being measured by a bridge. This 
instrument, unfortunately, was temperature-sensi- 
tive, and required temperature calibration before 
each test, by measuring the electrical resistance of 
the circuit. The electrical instrument of Johansson 
and Linde was in the form of an electrical condenser, 
consisting of four plates interleaved with mica. The 
applied pressure caused a considerable variation in 
the capacitance, due to contact phenomena in 
the mica sheets. The variations were recorded by a 
“Philoscope””’ (Philips bridge instrument). The 
instrument was not sensitive to temperature. 
When these four instruments were tried on the 
Vidskog Dam, the electrical instruments quickly 
broke down; no doubt, owing to defective cable 
joints. The Kjellman instrument also proved 
delicate, and soon failed. Only the instrument 
developed by the Civil Engineering Department 
gave satisfactory results ; 15 of these were used on 
the dam. 


MEASUREMENT OF THE PRESSURE OF WATER 
CONTAINED IN EARTHWORKS. 


Mr. Fred C. Walker described the membrane 
boxes used on many American works, which were 
modifications of the Goldbeck box and consisted of 
a membrane exposed on one side to the pressure of 
the water contained in the earthwork, and on the 
other side to an air pressure supplied through a 
copper pipe; the deformation of the membrane 
opened or closed an electric circuit. The air pres- 
sure was increased until the current was interrupted, 
and was then lowered until the current was re-estab- 
lished, and the mean of the two values taken. He 
also described a less expensive arrangement in which 
an ordinary tube, filled with water and protected 
from clogging by a porous filter, was connected with 
a Bourdon gauge placed on the downstream side 
of the dam. The connecting pipe was doubled to 
form a pumping circuit by which air could be 
exhausted from the system. Both copper and 
plastic pipes were used with success. 


TEMPERATURE MEASUREMENTS. 


Mr. J. Bellier and Mr. J. Fabreguettes (France) 
reported on a special arrangement of Coyne acoustic 
gauges by means of which the water temperatures 
in a reservoir could be measured with sufficient 
accuracy ; the instrument was a bimetallic tempera- 
ture probe with a vibrating cord. The calibration 
curve for reading the drum was a straight reference 
line. Mr. Frey-Bar described the use of Maihak 
instruments for measuring internal temperatures in 
concrete, some instruments with a bimetallic cord 
being mounted beside the cord measuring the de- 
formations. He also described the use, on the 
Lucendro Dam, of thermocouple instruments, con- 
sisting of lead-sheathed two-conductor cables of 
1-2 mm. gauge, a copper wire and a constantan 
wire ; the length was from 10 to 25m. The calibra- 
tion curve was nearly linear and the accuracy was 
within 0-15 deg.—much higher than that of the 
Maihak instruments. 

This completed the first part of Mr. Mary’s report. 
The second part described “‘ Some Typical Results.” 


EartH MOVEMENTS. , 


The most important observation, Mr. Mary stated, 
as having the most general bearing on the problem, 
was the swelling of the soil due to impregnation by 
water. This phenomenon was observed on the 





Nepean Dam, in Australia, and on the dams at 





Sautet and Guerlédan, in France. The Nepean 
Dam was a gravity arched dam, 69 m. high, resting 
on hard sandstone. The work was completed in 
1935, but, owing to droughts, the dam did not fill 
until 1938; the water level then fell, and the dam 
filled again in 1943. The first filling produced a 
deflection of 25 mm., part of which did not disappear 
until the low-water level had persisted for a long 
time. The triangulation mark on the right-bank 
end of the dam moved 13 mm. downstream, and dur- 
ing draining this displacement was reduced by not 
more than 25 per cent. The situation of this abut- 
ment gave it a large area of contact with the water, 
and the sandstone was more fragmented there than 
on the other bank. With reference to the line of the 
abutments, the work almost entirely recovered its 
original position after a certain length of time ; the 
delay and lack of uniformity in the displacements 
might be attributed to swelling of the masonry. 
Simultaneous levelling also showed swelling of the 
soil. After a rapid filling of the reservoir in October, 
1938, the level of the ground, adjacent to the dam, 
was lowered 25 mm. Some months later, when the 
water level had fallen to 15 m. below the crest, it 
was found that the entire soil had risen up to 13 mm. 
from its origina] level; more on the upstream than 
on the downstream side, and least under the dam. 
This persisted after emptying the reservoir. Follow- 
ing on the second filling, in 1943, the dam was found 
to have risen by between 6 and 12 mm., after 
33 months. These observations were confirmed by 
the closing of the joints with rising water level ; 
this proceeded to a greater extent towards the abut- 
ments than in the middle. 

The Sautet Dam was an arched dam, 126 m. in 
height, situated in a narrow gorge. The two banks 
were marked by several triangulation points. These 
reference marks indicated a convergence of the 
banks to the amount of 3-5 mm. above the dam, 
and 2-4 mm. on the right. Professor A. Caquot 
analysed this phenomenon as follows: the cavities 
in the rock became filled with water; ‘‘ the rock 
then begins to exert a pressure in a direction parallel 
to the banks and causes an elastic deformation in 
the transition zones between the zones already 
wetted and hence in a state of compression, and the 
zones distant from the downstream side, which are 
not affected since they have remained in the initial 
conditions of moisture content and pressure. This 
thrust causes the intermediate zcnes to contract.” 
Where the line of the bank showed transverse fault- 
ing, the thrust caused swelling of the soil. 

Measurements of joint movements made on the 
Guerlédan Dam between 1936 and 1943 indicated 
that the mean annual opening of these joints 
decreased by 0-6 mm., or 3-5 mm. in all (0-6 mm. 
to 0-8 mm. at the banks, and 0-15 mm. in the 
centre). Professor Caquot attributed this to swelling 
of the rock. All these results were in complete 
agreement. 

Mr. Drouhin, Mr. Mallet and Mr. Gautier reported 
the results of observations of movement of the soil 
under the multiple-arch dam of Beni-Bahdel, 
founded on thick beds of quartzose sandstone 
separated by schistous marls and dipping 25 deg. 
towards the downstream side and the right bank. 
Convergence of the banks towards the centre, with 
a preponderance on the right bank, took place as 
expected, but to a small degree only, not exceeding 
13 mm. + The same authors gave details of the move- 
ments of the soil and subsoil under the Bou-Hanifia 
Dam, a rock structure 55 m. high, founded on a 
heterogeneous conglomerate of sandy marl resting 
on a substratum of marl with a conchoidal fracture. 
The settling of the deeper soils confirmed the pre- 
liminary calculations (50 mm.). The sandy marl 
soil settled at the rate of 3-5 mm. per metre (120 mm. 
in all), which was a far higher value than was 
expected. 

Mr. Gicot communicated the results of measure- 
ments of compressibility of the soil in the foundation 
of the dam at Rossens, an arch dam of 83 m., 
resting on stratified Miocene sandstone of marine 
origin, having a dip of 10 deg. downstream. These 
measurements were made by drifting with a lever 
instrument in galleries ; tests were made at pressures 
of 15, 30, 50 and 100 kg. per square centimetre, 
repeated 20 times, and then under continuous loads. 
It was found that the elastic component of the 
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deformation varied little and tended to decrease 
with increasing pressure, first rapidly and then 
more slowly, giving a permanent set without 
hysteresis, while the entire plastic deformation 
took place on first applying the load ; the degree of 
compressibility differed greatly in the vertical and 
horizontal directions. Laboratory tests gave less 
uniform results than field tests on the site, and 
greater deformation. The elastic modulus varied 
from 29,000 kg. to 139,000 kg. per square centimetre. 


DEFORMATION OF GRAVITY Dams. 


Measurements made on the lock wall of the 
Aswan Dam were utilised to determine the elastic 
modulus of the masonry. The effects of under- 
pressure, swelling and plasticity had not yet had 
time to act, since the dam was rapidly brought into 
use. The work was found to be completely elastic 
in the actual conditions, with a modulus of 45,000 kg. 
per square centimetre. Mr. Raphael presented an 
analysis of the stresses at the base of the Grand Coulee 
Dam, showing that artificial freezing set up signi- 
ficant stresses capable of causing cracking ; hence 
the necessity for a strict control of this operation. 
These stresses acted over a height equal to half the 
largest horizontal dimension of the block. When 
the joints were dowelled, the dam behaved as a 
monolithic structure. The stresses parallel to the 
longitudinal axis of a gravity dam were important, 
and expressed the effect of Poisson’s ratio. Mr. 
Laurent referred to the deflections observed on the 
dam at Ban de Champagney, the height of which 
was 35 m.; the maximum deflection found was 
17-3mm. He mentioned also the tendency of some 
sections of the Eguzon Dam to rotate; a pheno- 
menon which had been observed elsewhere. 

Mr. A. Nizery (France) gave some measurements 
made at the Guerlédan Dam. An investigation of 
the conditions of heat transmission indicated that 
the critical thickness for diurnal fluctuations, 
namely, the distance from the wall to the point 
where the oscillation became phase-displaced 
through 180 deg., was about 60 cm. to 65 cm., with 
a 96 per cent. reduction in amplitude. It had 
been established also that the diurnal temperature 
variations might cause appreciable deflections, 
giving rise to difficulties when making accurate 
topographical measurements. These variations did 
not appear to coincide with the variations of the 
external temperature, and, apparently, started 
from a certain threshold value (12 deg. at Guerlé- 
dan). A continuous record of internal and external 
temperatures would be of interest for accurate 
evaluation of the measured deflections. Measure- 
ments made in different temperature conditions 
and at different water levels enabled the deflections 
due to these two causes to be analysed. The elastic 
deflection was calculated, and the deflection due to 
temperature, by a formula assuming heat trans- 
mission along parallel isothermal planes to the down- 
stream face. The observed results showed that, of 
151 individual measurements, 20 diverged by more 
than 15 per cent. from the calculated value. Eli- 
minating these points, the mean divergence was less 
than 5 per cent. The deflection due to temperature 
rarely exceeded a quarter of that due to the load, 

Mr. Nizery also reported the measurements taken 
from the Sarrans Dam. He found that a lowering 
of the water level by 20 m. decreased the deflection 
by 8 mm., while temperature changes caused a 
variation of not more than 4 mm. 

Mr. Lossmann submitted results of the heating 
of the concrete in the dams at Vranov and Kninicky. 
He showed that, in hot weather, it might be neces- 
sary to cool the materials, and observed also that 
the setting temperature fell appreciably upon 
contact with the rock. He found that, on the Vranov 
Dam, built at a rate up to 1,000 cub. m. daily, 
cooling lasted from 3 to 4 years; on the Kninicky 
Dam, on the other hand, built at a slow rate, only 
six months were required. Fresh (green) concrete, 
applied on old concrete, raised the temperature of 
the latter by 7 deg., setting up a stress up to 3-5 kg. 
per square centimetre. The temperature fluctua- 
tions penetrated up to 10 m. for annual variations, 
2 m. for monthly variations, and 0-60 m. for daily 
changes. 

The deflection measured on the Vranov Dam over 
the upper 33 m. was 5-77 mm. total; the influence 





of temperature accounted for 50 to 60 per cent. of 
this. The downstream toe settled 1 mm., and 
intense heating by the sun’s rays produced a deflec- 
tion of 0-3 mm. 


DEFORMATION OF ArcH Dams. 

Mr. J. Bellier and Mr. D. Migny (France) reported 
extensometer measurements made on an old masonry 
dam of gravity type at Pas-du-Riot, of fairly slender 
section, but having a radius of curvature of 350 m. 
and subtending an angle of 23 deg. at the centre. 
The measurements were taken when the dam was 
rapidly drained between December 17, 1938, and 
January 6, 1939. The curve of isostatic stresses 
showed a characteristic thrust effect in the upper 
third, while at the bottom the principal direction 
was practically vertical. Cooling caused the 
principal direction to deflect upwards, similarly to 
the effect of increasing the loading. These measure- 
ments were very instructive, since they indicated the 
steadying effect of a slight curvature in a gravity 
dam, considerably increasing its stability. This case 
was included in the discussion of arch dams as 
presenting valuable specific data for the design of 
thick arches. 

Mr. Hamon (France) presented the results of 
strain measurements made with acoustic gauges 
on the dam at Fabréges. This was a very slender 
arch dam, 50 m. high, 168 m. in length along the 
crest, and of 85 m. radius. These dimensions were 
of particular interest, Mr. Mary observed, since the 
filling of the dam lasted only 14 days. Observations 
of particular interest were that the horizontal 
structural stresses in the arch were relatively small 
at the base and increased towards the crest ; the part 
played by the corbelling was considerable, even in 
slender dams; and the weight of the structure, 
released by the pressure of the water, tratismitted 
the thrust on the abutments in a downward direc- 
tion. The observed stresses, on the assumption that 
E = 200,000 kg. per square centimetre, did not 
exceed 20 kg. per square centimetre in compression 
and 16 kg. per square centimetre in tension; the 
compression value was much below the calculated 
figure. 

Mr. Bellier and Mr. P. Blanchet (France) also 
gave results of measurements on the Gour Noir 
Dam, a slender arch dam 45 m. in height. This 
reservoir was also filled in 15 days and, a few months 
later, emptied in six days. The observations made 
were similar to those at Fabréges ; in addition, an 
appreciably unsymmetrical stress distribution was 
found, despite the geometrically perfect symmetry 
of the structure. The measurements made during 
the successive operations of initial filling and initial 
draining diverged considerably, indicating some 
measure of accommodation of the structure. 


Tue SETTLING OF EaRTH AND Rock FILLs. 

Mr. Drouhin, Mr. Mallet and Mr. Gautier gave 
settling curves for the rubble filling of the Bou- 
Hanifia Dam. An imaginary point on the crest 
of the dam, experiencing the total amount of settle- 
ment during construction, would be lowered 1-5 m. 
in a height of 50 m., and 0-45 m. in a height of 25 m. ; 
that is, proportionality was lacking. After filling, 
on the other hand, the settling was proportional 
to the height, at the rate of 1 mm. per metre. 
Walker similarly reported, in the case of a dam of 
puddled earth, that settling occurred principally 
during construction: 50 cm. at the centre of an 
embankment 33 m. in height, and 1-5 m. in the 
embankment, 150 m. high, at Anderson Ranch. 
These amounts of settling were unpredictable by 
laboratory experiment without the introduction of a 
correction term representing the pressure due to 
contained liquid. 

Under the heading of ‘‘ Sundry Data,” Mr. Mary 
then gave a few details which, he suggested, were of 
interest as determining the characteristics of struc- 
tures. The thrust transmitted by the wings of an 
arch dam to the abutments, he noted, caused a 
tendency to slipping of the concrete on the founda- 
tion ground ; similarly, if it should become necessary 
to construct a section of a dam on an inclined 
abutment before the next lower section was in place 
and capable of acting as a foot abutment, the section 
would tend to slip on its foundation. It was of 
interest, therefore, to determine the value of the 
adhesion between concrete and rock. Adhesion 
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tests reported by Mr. Bourriot showed that the 
grinding action of the protuberances of the rock 
caused fracture by shearing of the weaker of the two 
materials, and indicated a practical value of the 
shearing strength of not less than 5 kg. per square 
centimetre in the least favourable case. 

The water temperature in a reservoir at different 
depths was a useful factor in calculations for dams, 
Mr. Bellier and Mr. J. Fabreguettes made such mea. 
surements in the Aigle reservoir, finding that, in 
winter, the water temperature was stable at + 4 deg. 
C. throughout the whole depth except in a very 
thin surface layer. As the year advanced, the 
temperature of the whole mass of water rose. Over 
the greater part of the depth, the temperature was 
practically uniform; below the level of the water 
outlets, it remained at 4 deg. and the water at the 
bottom did not mix with the warmer water above, 
Between the two layers, the temperature gradient 
was very steep, and similarly at the surface. The 
water outlets, therefore, did not draw from the 
cold and dense layer of water at the bottom. 

Measurements of the change in diameter of ducts 
or culverts strained by the pressure of the water 
were made in the conduits, 4-7 m. in diameter, in 
the Aigle Dam. These, described by Mr. Hamon, 
were intended to determine the partial loads taken 
up by the steel and the concrete, respectively. 
Steel alone would have given an increase in diameter 
of 4 mm., and concrete alone, of 2 mm., but the two 
combined showed a deformation of 0-3 mm. only ; 
the concrete was stressed, therefore, well within the 
permissible tensile limit of 14 kg. per square centi- 
metre, while the stresses in the steel were extremely 
low. Optical and extensometer measurements were 
made on a rectangular test arch of 9 m. span and 
3 m. rise, very flat, held on three sides and provided 
with a cover allowing full freedom of motion to the 
crown of the arch; thus this was a pressure-test, 
essentially reproducing conditions at the foot of 
an arch dam. Mr. Bourriot made a condensed 
analysis of the results obtained, which indicated the 
strength of a structure of this type. Premature 
failures of the test structures were due to a subsidiary 
cause, namely, straining of the capping. This 
investigation, Mr. Mary considered, was a valuable 
contribution on the behaviour of slender arches. 

In conclusion, Mr. Mary expressed the opinion 
that the reports submitted on Question 9 enabled a 
useful comparison to be made of the measuring 
methods used in different countries, indicating the 
existence of numerous common preoccupations and 
concordant views. It appeared that the most 
interesting and novel feature was the investigation 
of swelling of the soil after filling of the dam ; it is 
significant that there should be such qualitative 
agreement between simultaneous relevant observa- 
tions made as far apart as Australia and France. 


(To be continued.) 





ScoTTIsH CONFERENCE ON ROAD RESEARCH.—AD 
all-day conference to discuss road-research problems will 
be held in Glasgow, at the Royal Technical College, on 
Friday, September 24, commencing at 10 a.m. The 
conference is being called, with the collaboration of the 
Ministry of Transport, by Dr. W. H. Glanville, Director 


Mr. | of Road Research of the Department of Scientific and 


Industrial Research. It is being arranged in association 
with the Glasgow and District Association of the Institu- 
tion of Civil Engineers, the Scottish branches of the 
Institution of Municipal Engineers and the County 
Surveyors’ Society, and the Scottish Accident Prevention 
Council. The Chairman of the conference will be Sir 
Patrick Dollan. The purpose of the conference is to 
bring the work of the Road Research Organisation 
before Scottish engineers and others concerned with 
roads and road traffic, and to provide an opportunity 
for deciding which research problems are of particular 
interest to Scotland. In addition to short papers by 
the Director of Road Research and senior members of 
his staff, followed by an open discussion, there will be 
an exhibition of some aspects of the work of the Organisa- 
tion. The morning session will be devoted to “‘ Materials 
apd Methods of Construction,’”’ and the afternoon session 
to “* Road Safety and Traffic Flow.”” Owing to limitations 
of space, admission will be by ticket, early application 
for which should be made to the Director of Road 
Research, Road Research Laboratory, Harmondsworth, 
West Drayton, Middlesex. Tickets and programmes 
will be issued two or three weeks before the date of the 
conference. The exhibition will also be open to ticket 
holders on Saturday morning, September 25. 
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THE AERONAUTICAL CON- 
FERENCE, LONDON, 1947. 


Tue Royal Aeronautical Society have published 
recently, in the form of a book of more than 700 
pages, the proceedings of an important conference 
which was held in London on September 3, 4 and 5, 
1947. The Conference, convened jointly by the 
Royal Aeronautical Society and its American 
counterpart, the Institute of Aeronautical Sciences, 
was historic in being the first of its kind and the 
consummation of plans, delayed by the war, to 
provide an Anglo-American platform for the 
discussion of current problems and practice over the 
whole range of flight in heavier-than-air machines. 
The presidents of the two societies, Sir Frederick 
Handley-Page and Mr. Preston Bassett, together 
with the members of their Councils and Mr. Paul 
Johnston, Director of the I.AeS., led some 400 
delegates, of whom about 50 were visitors from 
America. The Conference included a number of 
women and foreign members, and was fully repre- 
sentative of the design, construction and operation 
of aircraft throughout industry and the Services. 
The papers presented for discussion embraced a 
correspondingly broad scope of subject matter, 
though inevitably without exhausting the aspects 
of aeronautics, which show no sign of reaching 
finality. It is of interest, indeed, to remark that 
the Conference confined its attention somewhat 
closely to the aeroplane and its background of aero- 
dynamics ; associated subjects, such as metallurgy, 
electronics, navigation, meteorology and airfield 
design, all of which bear significantly on the present 
and future well-being of aviation, being introduced 
incidentally rather than as major matters for 
detailed consideration. 

The phenomena of high-speed flight, needless to 
say, figured prominently, not only as inherent 
subjects for investigation, but as affecting almost 
every aspect of the future development of aero- 
nautics. In the opening paper of the Conference, 
Dr. von Kérmén briefly reviewed the special 
difficulties of stability and control in the transonic 
speed range. Many of these arise from local 
supersonic flows, with the consequence that aero- 
planes based on a wing-tail combination may suffer 
radical changes of stability if the lift characteristics 
of those major components alter in different ways, 
as will happen if the breakdown of lift at the wing 
occurs at a lower critical Mach number than at the 
tail. Such alterations are unavoidable in the tran- 
sonic range, and subsonic and supersonic flow 
patterns exist simultaneously at the same flight 
speed, affecting both unsteady and steady aero- 
dynamic forces as well as the elastic deformations 
of the aircraft on which they occur. Among 
aerodynamic measures to improve stability in the 
transonic speed range, Dr. von Karman discussed 
large sweepback and the wing of small aspect ratio, 
both of which he regards as being combined in the 
“delta” wing; and, secondly, the direct influence 
of pressure distribution by boundary-layer control. 
Despite all the foreseeable improvements by such 
means, however, the task of the pilot remains one 
of such great difficulty as to suggest that flight into 
the range of supersonic speed calls for a high degree 
of automatic control, incorporating power operation 
of the actual stability-controlling elements of the 
aeroplane, and sensitive servo-systems to detect 
and correct departures from stable flight. Such 
equipment, in the early development stages, will 
assist the pilot to think and act, but eventually, no 
doubt, it will entirely relieve the pilot of detailed 
activity, leaving him free to concentrate on the 
major aspects of navigation and manceuvre. 

A wider survey of high-speed performance, by 
Mr. W. G. A. Perring, leads to the interesting con- 
clusion that wings having sweepback angles in the 
region of 45 deg. are necessary for aircraft designed 
for high subsonic speeds, up to 0-9 of the speed of 
sound. Above that Mach number, the need for 
extreme angles of sweepback, and a disproportionate 
expenditure of power, make it doubtful whether 
subsonic flight could be economical. Within that 
limit, the outstanding design features, in addition 
to moderate sweepback, are thin symmetrical wings, 
a fuselage of minimum cross-section, and the 





elimination of all surface excrescences from both. 
Mr. Perring’s paper abounds in experimental data 
to support those conclusions, derived from wind- 
tunnel and flight tests, the techniques of which have 
recently undergone many striking developments. 
Speed measurement by photography of the ground 
from, the aircraft, and measurements of speed and 
height by means of radar tracking apparatus, 
exemplify the magnitude and importance of the 
problems presented by high-speed flight testing 
while suggesting, nevertheless, that the even 
greater difficulties of testing at supersonic speeds 
are not regarded as insuperable. Mr. Perring 
briefly considered the principal characteristics of 
power plant and aerofoils for supersonic flying, 
and presented instructive comparisons of alternative 
forms of propulsion units and wings, in relation 
to the Mach number at which they are operated. 
He envisages wings of 0-07 thickness/chord ratio ; 
and compact gas turbines for the near-supersonic 
speed range, or a combination of rocket and ram jet 
to achieve speeds exceeding twice that of sound. 

Mr. Perring’s references to aerodynamic testing 
in the high-speed wind tunnel at the Royal Aircraft 
Establishment are supplemented by a paper on 
testing at high subsonic and transonic speeds by 
Dr. C. B. Millikan, who dealt with recent work 
in the Southern California Co-operative Wind 
Tunnel. This equipment has a working section 
12 ft. wide by 8 ft. 6 in. high, and can be operated 
at any internal pressure from 0-1 to 3 atmospheres. 
Its 32-blade two-stage propeller-type fan is driven 
by electric motors of 12,000 h.p. maximum output. 
A feature of great value for testing at high Mach 
number is the provision of three interchangeable 
working sections, any one of which can be rolled into 
position and the balance system connected to the 
model supports, the rest of the tunnel meanwhile 
being sealed off so that the air therein does not 
lose its pressure or rarefaction. The tunnel is 
provided with a Lockheed “transonic bump ”—a 
cambered profile extending between the tunnel side 
walls near the floor. Between the floor and the 
bump is a boundary-layer removal duct, and small 
semi-span models are tested in the high-velocity 
field which occurs near the maximum thickness of 
the bump. Dr. Millikan’s paper was devoted 
largely to the apparatus and procedure developed 
for conducting wind-tunnel tests and correcting 
for the effects of model supports, blockage of the 
airstream, and the proximity of the tunnel walls. 

The problems of control in low-speed flight were 
dealt with by Mr. M. B. Morgan, of the Royal Air- 
craft Establishment, who confined his attention to 
flight at speeds such that compressibility of the air 
and aero-elastic distortion of the aircraft structure 
do not exert a dominating influence on its behaviour. 
In outlining the present state of this subject, Mr. 
Morgan surveyed the trends of landing and take-off 
performance, and explained how the size of aircraft 
and the characteristics of control equipment have 
influenced typical manceuvres. Further discussion 
of the effects of wing shape, flaps, and suction or 
ejecting devices on lift characteristics leads to a 
consideration of stability and control, both generally 
and in relation to problems still incompletely 
solved, but likely to retard the perfection of conven- 
tional aircraft until they are. Among remedial 
measures he mentioned a number of mechanical 
aids, such as power-operated controls and gust- 
alleviating devices. Mr. Morgan criticised these 
constructively, giving the impression that a great 
deal of work still remains to be done on low-speed 
aircraft before they attain the summit of their 
development. 

Closely associated with the changing aerodynamic 
requirements for aircraft control, both in high-speed 
and low-speed types, is the corresponding change 
in the means of operating the newer forms of 
controlling devices. Enlarging in considerable 
detail on the general remarks in von Karmén’s 
paper, Mr. Martin Kiebert presented an instructive 
picture of the American view of the part which 
electronic science ought to play in the control and 
instrumentation of aircraft. He asserted that the 
human pilot, once combining the roles of navigator, 
source of power to actuate controls, power-plant 
engineer, detector and corrector of deviations from 
desired flight path, and part of a dynamic stabilisa- 





tion system, would exercise, in future, control only 
over the general flight path. He would become, 
£0 to speak, only the commanding will, the functions 
of his brain, nerves and muscles being taken over 
by electrical and mechanical devices. Indeed, 
there are circumstances in which the pilot must 
surrender even his own will if completely reliable 
all-weather landing and take-off are to be achieved. 
At the present time, the functions which impose 
severe design limitations are particularly apparent 
in highly mancuvrable military aircraft, where 
all the pilot’s thought processes must be concen- 
trated on the strategy and tactics of fighting; and 
in large civil craft, the control of which is beyond 
human capacity as regards strength and memory. 
Mr. Kiebert deals with these and other requisites 
of design and instrumentation, emphasising the 
advantages offered by various electronic develop- 
ments in improving robustness, sensitivity, speed 
of response and ease of assembly, and directing 
special attention to sensory and telemetering 
equipment for ground as well as airborne installa- 
tions. The elements of the navigational and servo 
systems which Mr. Kiebert advocated are available 
to-day and are capable of performing the functions 
demanded of them. It seems only a matter of time 
before those systems, intorporating improvements 
on what can be envisaged at the moment, are 
translated into reality and become the commonplace 
standards of aeroplane equipment. 

The influence of design for high speed is naturally 
marked in respect of aircraft wings, and justifies 
two important papers, dealing respectively with the 
theoretical and practical problems now being 
studied. The first of these, by Mr. R. R. Gilruth, 
of the Langley Memorial Aeronautical Laboratory, 
presented a résumé and analysis of wing-flow tests 
carried out on small models mounted near the wing 
surfaces of full-sized aeroplanes in situations 
where, with increasing speeds of flight, the local air 
speed varies smoothly from the subsonic, through 
the transonic, to the supersonic range. By this 
ingenious technique, including the provision of an 
aerodynamic balance within the aeroplane wing, 
the lift, drag and pitching moment characteristics 
of several modern aerofoils of the National Advisory 
Committee for Aeronautics (N.A.C.A.) series have 
been determined continuously over ranges of Mach 
number from about 0-7 to 1-2, demonstrating an 
approximately five-fold rapid increase of drag 
coefficient, and showing, on the whole, convincing 
agreement with the results of other techniques. 
Mr. Gilruth was cautious about the potentialities 
of the method, however, deeming its future value 
to depend a good deal on the way in which it and 
alternative techniques are developed. 

In the second wing-design paper, a British contri- 
butor, Mr. E. J. Richards, of Messrs. Vickers- 
Armstrongs Limited, dealt with the practical design 
problems arising from sweepback, paying attention 
first to the effect of sweepback on critical Mach 
number and wing weight, as regards both the 
elementary wing and the combination of wing, 
body and engine nacelles. He went on to discuss 
the requirements for optimum performance at 
speeds below the-critical Mach number, considering 
some effects of aero-elastic deformation on stability 
and manceuvrability, and concluding that control- 
ling and trim-correcting mechanisms that are 
effective in the transonic range are a paramount 
necessity, especially on tailless aircraft. Envisaging, 
also, a lag of research behind practice in piloted 
high-speed machines with low wing loadings, he 
emphasised the need for effective gust alleviation, 
on the grounds both of structural safety and crew’s 
comfort. The general conclusion was reached that, 
while considerable gains in critical Mach number 
could be expected to accrue from wings of swept- 
back plan-form, the full potential advantages could 
be achieved only after extensive theoretical and 
wind-tunnel research. 

(To be continued.) 





TRANSPORT CONFERENCE, DERBY.—A week-end confer- 
ence for members of the Institute of Transport is being 
arranged at the School of Transport, Derby, from 
September 10 to 13. The programme will include work 
on the School’s railway. The cost is expected to be 4l. 
Further particulars may be obtained from the Secretary 
of the Institute, 80, Portland-place, W.1. 
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THE MEASUREMENT OF RAILWAY 
SLEEPER RESISTANCE. 


For the track circuits now so largely used in con- 
nection with railway signalling to operate efficiently, 
it is essential that the sleepers should have a high elec- 
trical resistance. This resistance must also be periodic- 
ally checked by measurements which can be made 
without disturbing the rails or interrupting the traffic. 
Several methods of meeting these requirements have 
been investigated by the Railway Executive, London 
Midland Region, including those described below. 

The first method enables the resistance of individual 
sleepers to be determined in a rough and ready fashion. 
Its operation depends on the principle that the anode 
current of a leaky grid oscillator increases as the radio 
frequency power in the circuit is absorbed by damping. 
In the particular instrument used, this damping is 
provided by currents induced in the semi-conducting 
material of the sleeper. The grid coil of the oscillator 
is placed immediately above the sleeper, the conduc- 
tivity of the latter being assessed from the reading 
of a polarised microammeter in the oscillator anode 
circuit. This ammeter is calibrated by testing a large 
number of sleepers, and by finding their resistance 
directly as described below. Attempts have also been 
made to effect calibration by using other semi- 
conductors or electrolytes. These, however, have 
failed, owing to the large and mainly unknown differ- 
ences in the dielectric constants. Moreover, this 
method does not take into account the resistances 
between the chairs and the sleeper and the chairs and 
the rail, which are often large; and the readings 
obtained cannot, therefore, be considered to be more 
than an indication of the probable lower limit of rail-to- 
rail resistance. For practical purposes, the oscillator 
with its associated circuits and a direct-current amplifier 
to increase the sensitivity are carried in a “ probe,” 
which is laid on the sleeper and can be moved from place 
to place by along handle. The necessary battery, the 
zeroing potentiometers and a three-range switch, are 
contained in a box which is slung by a strap round the 
shoulders of the operator. The microammeter is 
mounted in the lid of this box. 

In the second method of testing, an alternating 
current, derived from a battery-driven vibrator, is 
impressed on the track and induces a current in a pick- 
up coil. This coil, which is placed on each sleeper in 
turn, has a Permalloy core and is wound with about 
50,000 turns. The voltage generated in the coil by the 
vibrator is fed through a five-stage portable amplifier 
to a rectifier-microammeter, which can de calibrated 
directly in terms of sleeper resistance, if the vibrator 
output is standardised. It is stated that the frequency 
response characteristics of the coil and amplifier, 
together with the considerable harmonic content of the 
vibrator output, ensure fair immuaity from stray 
sinusoidal fields. Nevertheless, it is not expected 
that the equipment will function near electrified tracks. 
Moreover, where track circuits are in use or there are 
a large number of low-resistance sleepers, the vibrator 
will feed a heavy current into the rails. This will 
inevitably affect the pick-up coil, with the result that 
the meter may give a full-scale reading. In order that 
the instrument may be used under these conditions, two 
pairs of output terminals are provided on the vibrator 
and are connected to opposite.ends of a track section 
by leads in which ganged rheostats are included. 
In this way it is possible to prevent rail current from 
flowing in the section, and for the necessary measure- 
ments of the sleeper resistance to be made within it. 
This procedure, however, is unnecessary if the effective 
rail shunting resistance is greater than about 30 ohms. 

The terminals are connected to the surface of the 
tails by powerful magnets, as this enables them to be 
placed in position and detached quickly on a busy line. 
Of the leads used to connect the vibrator to the track, 
the pair across which the vibrator output meter is 
placed must be short and of low resistance, so that 
the voltage across the rails is always substantially 
equal to the standardised voltage as set on the meter. 
For calibration purposes, one pair of terminals is 
shunted by a suitable resistance and the appropriate 
rheostat is adjusted to bring the output meter down 
to the standard deflection. A resistance box is then 
connected in series with the sleeper and is set to a 
number of known values. The range of the instrument 
is from 2,500 to 25,000 ohms, but it can be extended 
downwards by connecting shunts across the coils. 





EXTENSION OF DOLGARROG HYDRO-ELECTRIC STA- 
TIONS.—The British Electricity Authority have approved 
a scheme for increasing the output of the Dolgarrog 
hydro-electric station in North Wales from 42 million to 
53 million kWh per annum. This will involve the 


extension of the catchment area by some 3,400 acres 
and the construction of several miles of open canal, a 
tunnel one mile long, and additions to the present 
Colty reservoir. 
be required. 


No further generating plant will 





LABOUR NOTES. 


THE hearing of the claims of the 2,750,000 engineers 
for a weekly increase of 13s. commenced in London 
last Monday. The court of inquiry, which was set 
up, under the Industrial Courts Act, by the Minister of 
Labour, Mr. George Isaacs, at the beginning of this 
month, is presided over by Sir John Forster, K.C., 
President of the Industrial Court. Mr. Jack Tanner, 
President of the Amalgamated Engineering Union, is 
conducting the case for the men and the employers are 
being represented by Sir Alexander Ramsay, director 
of the Engineering and Allied Employers’ National 
Federation. The court, the proceedings of which are 
taking place in private, is not an arbitration tribunal : 
its function being to ascertain the facts and report to 
the Minister, with or without recommendations. 





The Scottish Division of the National Coal Board 
made a profit of 2,426,000/. during 1947; whereas the 
operations of the Board for the whole of Britain 
resulted in a loss of more than 8,000,000/. During the 
first three months of the present year, the Scottish 
Division has a profit of 948,747/. to its credit. Scottish 
miners have been encouraged by these substantial 
profits to hope for a favourable outcome to their recent 
demands for wage increases, to bring them into line 
with miners in the other divisions of Britain. Mr. 
Abe Moffat, President of the Scottish Area of the 
National Union of Mineworkers, has stated that the 
average earnings per man-shift in Scotland, during the 
first three months of this year, was 30s. 10-2d., as 
against the British average of 33s. 11-5d. Scottish 
miners also seek a fortnight’s annual holiday with 
pay, to commence in 1949. At present, they receive 
annually six bank holidays and one week’s holiday, with 
pay. They also ask that more day-wage workers 
should be transferred to piece-rate work. The propor- 
tion of the former is higher in Scotland than elsewhere. 





Strikes in the coal-mining industry show no signs 
of diminishing, despite nationalisation and the benefits, 
in wages and working conditions, which the miners have 
gained during the last 18 months. There is, in fact, 
an upward trend both in the number of stoppages and 
in the total of days lost. Statistics published by the 
Minisfry of Labour and National Service show that the 
industry was responsible for 646 strikes in the first half 
of 1948, 29 more than in the corresponding period last 
year. The aggregate number of days lost in these 
stoppages was 358,000 for the first six months of 1948, 
an increase of 36,000 over the first half of 1947. The 
total number of stoppages for all industries, during the 
first six months of 1947 and 1948, were 974 and 1,053 
respectively, coal mining being responsible for almost 
two-thirds of them, in each case. More than one-third 
of the strikers this year, to the end of June, have been 
miners, the number being 138,500. This figure, how- 
ever, represents a fall from that for the same period 
last year, when 147,800 miners were involved in strikes. 





Four other industrial groups figure prominently in 
the Ministry’s strike statistics for the first half of this 
year. Transport was responsible for 76 strikes, involv- 
ing 62,800 persons and causing a loss of 319,000 working 
days. In iron and steel and other metals, there were 
66 strikes, involving 31,100 persons and a total of 
488,000 days lost, which represented a big jump from 
the corresponding period in 1947, when this group was 
responsible for the loss of 28,000 days only, resulting 
from 52 strikes, in which 9,200 took part. In engineer- 
ing, 31,700 persons took part in 6] strikes and lost a 
total of 74,000 days, which, again, was an increase on 
the industry’s figures for the first half of 1947, when 
8,800 persons took part in 45 strikes and lost 33,000 
days. There is a more encouraging trend in the figures 
for the shipbuilding industry, in which there were 38 
strikes, involving 13,500 persons and causing the loss 
of 197,000 days. For the first half of 1947, the corres- 
ponding figures for the same industry were 67 ; 56,500 ; 
and 281,000, respectively. 





The total number of industrial disputes in the 
United Kingdom during the six months ending June 30, 
1948, was 1,053, in which 314,200 persons took part 
incurring a loss of 1,586,000 working days. In the 
corresponding six months last year, there were 974 
disputes, involving 342,600 persons and causing a loss 
of 1,318,000 days. During June, 59,900 persons lost 
273,000 days in 149 strikes. There were 93 strikes in 
the coal-mining industry, 22 in the metal, engineering 
and shipbuilding groups, and 10 in the transport indus- 
try. The remaining 24 were spread over all other 
industries and services. The most serious dispute 
during the month was the London Dock strike, which, 
beginning on the 14th and ending on the 29th, involved 
27,500 dockers directly and a further number, estimated 
at 2,000, indirectly. Out of a total of 273,000 days lost 
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by strikes in June, the London Dock strike was respon- 
sible for some 200,000. 


There was an increase in voluntary absenteeism for 
all miners in the coal-mining industry during May, 
when the percentage of shifts lost from this cause rose 
from the April figure of 5-70 to 5-83. The figure for 
May, 1947, was 4-65. Shifts lost through voluntary 
absenteeism among coal-face miners rose from 6-()1 per 
cent. in May, 1947, to 7-46 per cent. in May this year ; 
which was an improvement of 0-02 per cent. on the 
figure for April. The percentages of shifts lost from 
sickness and other involuntary causes improved from 
5:93 in May, 1947, to 5-58 in May last, in the case of 
coal-face miners. For all miners, the percentage lost 
from involuntary causes fell from 5-12 in May, 1947, to 
4-99 in May this year. Output per man-shift, at the 
coal face, rose from 2-86 tons in May, 1947, to 2-9 
tons in April this year, falling to 2-89 tons in May. 
Overall, it was 1-08 tons in a. 1947, improving to 
1-10 tons in April last, and declining to 1-09 in May, 
1948. : 





Press criticisms of the Transport and General 
Workers’ Union, which arose out of the recent unofficial 
strike of a large number of London dockers, have been 
sifted and found lacking in substance by the union’s 
general secretary, Mr. Arthur Deakin. To the criticism 
that his union is too big, Mr. Deakin replies, in the 
August issue of the union’s Record, that the big union 
has greater bargaining power; that its finances are 
less a cause for anxiety ; that it has a bigger field of 
available talent from which to choose those who are 
to make and carry out its policy; and that adminis. 
trative costs are relatively lower on a larger unit. He 
continues: “On balance, I think one could say fairly 
that a union of five hundred members would be too 
big if its constitution were inadequate, while five 
million need not be too many, if the structure and 
administration keep pace with the members’ needs.” 





Mr. Deakin rebuts the accusation that the union is 
a hotch-potch because it includes many different 
groups, by pointing to its constitution. He states that 
lay representatives of all trade groups sitting on the 
union’s general executive council “means that the 
subordination of the interests of one group to those of 
another is impossible, since all sections are equally 
represented when final policy is decided.” He states 
later: ‘‘ Nor is this policy-making by members a mere 
formality. The rank-and-filers, who are elected, are 
never treated, and never consider themselves, as 
rubber-stamp bodies, existing to endorse the line taken 
or proposed by their officers.” 





Mr. Deakin deals at some length with the charge 
that the union is long-winded in conducting its nego- 
tiations, and claims that little speeding-up is possible, 
except at the cost of accepting a poor settlement, and 
of presenting the union’s members with an accomplished 
fact. He says that there is little cause for complaint 
in most cases, and continues: ‘‘ We are represented 
on more than 150 national negotiating bodies, and, in 
the year ended December, 1947, these bodies reached 
agreement on more than 200 separate national issues, 
apart from those referred to the Industrial Court or 
the National Arbitration Tribunal. In addition, we 
were parties to more than 300 agreements made by 
other means. The public and the Press know little of 
this steady stream of successful negotiation, or of the 
constant, patient, undramatic work of interpretation 
and adjustment to individual needs.” 





The fall in the working population of Britain, during 
the first six months of this year, has been less than 
was forecast in the Economic Survey for 1948, by 
nearly 70,000. Figures issued by the Ministry: of 
Labour and National Service show that the total 
working population—men up to 65 and women up to 
60 in work and available for work—was 20,286,000 at 
the end of June, representing a fall of 144,000 since 
the end of December, and of 1,363,000 since mid-1945, 
but an increase of 536,000 since mid-1939. There 
were 633,000 more women in employment at the end of 
June than in mid-1939, but men were 97,000 fewer. 





During the first six months of this year, there were 
increases in numbers in the metals and engineering, 
mining, transport, shipping, textiles, and agriculture 
groups. All, however, are still below their man-power 
targets. The working population fell by 32,000 in 
June, a decrease of 36,000 men being offset by an 
increase of 4,000 women. Unemployment figures 
declined from 286,066 on June 14 to 282,174 on July 12, 
a fall of 3,892. During the nine months of its operation, 
the Ministry of Labour has issued, under the Control 
of Engagement Order, 311 directions to remain in 
coal-mining and 123 to remain in agriculture, to persons 
normally employed in those industries. 
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SoLtuTion. x 100. 


DiscussION ON HELICOPTERS.—<A full-day discussion 
on helicopters will be held at the Institution of Civil 
Engineers, Great George-street, London, S.W.1, on 
Saturday, November 20, on the occasion of a joint meet- 
ing of the Helicopter Association and the Royal Aero- 
nautical Society. The morning session, which opens at 
11 a.m., will be devoted to “‘ General Problems of the 
Helicopter for Civil Use.”” Two papers will be read and 
discussed, the first, ‘‘ The Operational Point of View,” 
by Wing-Comdr. R. A. C. Brie, A.F.R.Ae.S., and the 
second, “The Technical Point of View,” by Captain 








Fic. 6. OxaLatTe Crystats FoRMED BY 
Coottine SaTURATED Soxvutions. x 100. 


R. N. Liptrot. The luncheon interval will be from 1 to 
2.30 p.m., and the afternoon session will deal with ‘‘ The 
Constructors’ Approach to the Problems.”’ Three papers 
will be read and discussed, namely, “‘The Fairey 
*‘Gyrodyne,’” by Dr. J. A. J. Bennett, F.R.Ae.S. ; 
“The ‘ Bristol 171’ Helicopter,” by Mr. R. Hafner; 
and ‘‘ The Cierva ‘ Air Horse,’”’? by Mr. J. S. Shapiro, 
A.F.R.Ae.S. There will be a tea interval from 4.30 to 
5 p.m.. and an evening session from 5 to 6.30 p.m., during 
which there will be a general discussion and summing up 
by the lecturers and the chairman. 





RARE-EARTH OXIDES FOR GLASS 
POLISHING.* 
By R. W. Unie and A. W. WYLIE. 


THE use of cerium oxide for polishing optical glass 
is one of the most recent industrial applications of rare 
earth compounds. According to West,t this use of 
cerium oxide was developed in Europe about 1933, 
but was unknown in Canada or the United States before 
1941. Brief reference to cerium oxide is made in a 
French work, Optical Workshop Principles, by Dévé, 
published in 1936, but little information regarding its 
use in England is available. Twyman, in his book, 
Lens and Prism Making (London, 1942), does not 
discuss cerium oxide with other polishing materials, 
but includes it in a list of polishing agents under 
the name rose @ polir. It is understood that this 
material is now available commercially both in England 
and the United States. 

An account of the production of pure cerium oxide 
from ceric ammonium nitrate has been given by West. 
The method of production employed by Research 
Enterprises, Limited, Canada, has been described by 
Davis and Waymanf ; the raw materials used are the 
crude hydroxides of the rare earths. The preparative 
process involves solution in nitric acid, and conversion 
first to phosphates and then to oxalates. The oxalates 
are heated to 475-550 deg. C. to drive off water and 
other decomposition products and finally calcined at 
1,050-1,170 deg. C. West states that the main advan- 
tages of ceria over other polishing materials are cleanli- 
ness and rapidity of polishing. Optical glass may be 
polished in one-third to one-half the time required 
when rouge is employed. 

This paper describes the production of a polishing 
powder containing approximately 43 per cent. cerium 
oxide and 48 per cent. rare-earth oxides other than 
cerium oxide. Such material has given very satis- 
factory service in Australia in a number of optical 
establishments supported by Government and private 
agencies. Freedom of cerium oxide from other rare 
earth oxides is thus not essential. 

The material used for the preparation of the polishing 
powder is the mixed hydroxides of the cerium-group 
elements. An analysis of the hydroxides and a descrip- 
tion of the method of preparation from monazite has 
been given by Pilkington and Wylie. The advantages 
of using the mixed hydroxides are, firstly, the method 
of production is straightforward and inexpensive ; 
the only materials required other than monazite are 
sulphuric acid, sodium sulphate and sodium hydroxide ; 
no complicated processing equipment is needed. 
Secondly, the product is free from undesirable impuri- 
ties, including sodium salts. Thirdly, the particle size 
is very small and shows no marked change after ignition 
at elevated temperatures. Fourthly, the ignition 
process is straightforward ; no preliminary calcination 
at lower temperatures is required. Finally, the utilisa- 
tion of mixed hydroxides is economical, since 95 per 
cent. of the total rare-earth oxides in the mineral can 
be utilised. The use of cerium oxide alone would 
almost halve the yield of polishing powder. 

The mixed oxides are produced from the hydroxides 
by ignition. Unless stated otherwise, the results which 
follow apply to 2-lb. samples of hydroxides. Variable 
results are obtained when different quantities of 
hydroxides are treated. With very small samples 
there is some evidence to show that too rapid heating 
causes the product to sinter and become gritty. Refrac- 
tory crucibles composed of a mixture of fireclay and 
graphite satisfactorily withstood thermal shock, but 
because of external flaking they could be used only 
from 8 to 10 times. An electric furnace was used 
for the ignitions. The temperature registered by a 
thermocouple inserted in the centre of the charge was 
found to rise to that of the furnace approximately 
60 minutes after insertion of the cold crucible. Using 
a standard ignition time of 75 minutes, the optimum 
ignition temperature was found to lie between 1,100 deg. 
and 1,350 deg. C. Below 1,100 deg. C., soft products 
of no value as polishing agents were obtained, and above 
1,350 deg. C. excessive sintering necessitated a consider- 
able degree of milling of the product before a satisfac- 
tory polishing powder could be obtained. Sintering 
appeared to commence in the temperature range 
1,250 deg. to 1,300 deg. C. 

The polishing properties of a given powder depend on 
the size, shape and hardness of the individual grains. 
Since the size and shape of the particles of oxides do 
not change appreciably on ignition, at least at tempera- 
tures below 1,200 to 1,250 deg. C., the temperature and 
time of ignition must influence chiefly the hardness of 





* Investigation carried out for the Council for Scientific 
and Industrial Research, Melbourne, Australia, published 
in the Journal of the Society of Chemical Industry, vol. 
66, December, 1947. Abridged. 

Tt Canad. Chem., vol. 28, page 3 (1944). 

t Ibid., vol. 29, page 230 (1945). 

§ Jl. Soc. Chem. Ind., vol. 66, page 387 (1947). 
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the grains. Tests showed that the rate of polishing 
increased as the ignition temperature was raised from 
1,100 deg. to 1,250 deg. C., but the effect was not 
pronounced. It was also found that a slight inerease 
in the rate of polishing occurred when the time of 
ignition at 1,150 deg. C. was increased from 75 minutes 
to 150 minutes. All polishing tests were carried out 
under identical conditions, using samples of both crown 
(hard) and flint (soft) glasses. For the production of a 
‘* soft” grade of polishing powder, 75 minutes ignition 
at 1,150 deg. C. was found to be sufficient with 2 lb. 
samples. A “ hard ” grade requires 75 minutes ignition 
at 1,350 deg. C. Even the soft product polished crown 
or flint glasses more rapidly than rouge, but comparative 
tests showed that the rate of polishing by the “ hard ” 
product was slightly lower than that obtainable with 
mixed oxides produced by ignition of the oxalates. 
This difference may be caused by the different structure 
of the particles (see later), and tends to diminish with 
the extent of ignition of the hydroxides. 

Tests demonstrated that residual sodium salts in the 
mixed hydroxides, even up to 2 per cent. of their 
weight, were without effect on the polishing characteris- 
tics of the oxides produced from them. It appears 
desirable, however, to ensure that soluble salts are 
removed from the hydroxides before ignition and it is 
known that alkaline salts tend to “ corrode ” polished 
glass surfaces. The structure of the hydroxides is 
such that little difficulty is experienced in washing 
them free from sodium compounds. 

The following figures indicate that the loss in weight 
on ignition is complete* at 900 deg. : 


Temperature, deg. 700 800 900 1,000 
Loss in weight, per cent. 15-08 15°33 15-41 15-41 


The change in colour, which commences below 200 deg., 
becomes more pronounced as the ignition temperature 
increases. If free access of air is prevented by use of a 
lid on the crucible, the colour after heating at 1,150 deg. 
C. may vary from light brown to yellowish brown. 
After ignition for 75 minutes in an oven crucible, and 
after thorough mixing, the product has a distinctive 
light-tan shade. This product from a 2 1b. sample may 
be compared with the dark reddish-brown product 
formed on heating 100-gramme samples for 75 minutes 
at 1,150 deg. C.in a platinum dish. Since neither ceria 
nor a mixture of ceria-free sesquioxides of the group 
shows a similar series of colour changes, this property 
must be a function of the mixture. It is attributed by 
some to the formation of a dark-brown higher oxide of 
praseodymium (a few per cent. of praseodymium oxide 
is present in the mixture) ; and by others to formation 
of salt-like compounds of ceria and the more basic 
members of the group. Recently, Zintl and Croattot 
have shown that ceria (CeO,) forms solid solutions with 
lanthana up to a molecular percentage of 45 per cent. 
lanthana (La,0,). The colour of the solid solution, 
which is cubic (face-centred) in structure, darkens as 
the molecular percentage of lanthana is increased but 
lightens again after the molecular percentage 45 per 
cent. has been exceeded, owing to the appearance of a 
second, hexagonal phase consisting of lanthanum 
oxide. 

The solubility in acid decreases regularly as the 
temperature of ignition increases. The following 
figures were obtained by treating 1 gramme of ignited 
oxides with 10 ml. of boiling concentrated (66 per cent.) 
nitric acid and noting the time required for complete 
solution : 


Ignition temperature, deg.— 

850 900 950 1,000 1,050 1,100 1,150 1,200 
Time of solution, minutes— 

4-3 5-7 7-8 11:7 14-5 17-8 22-8 31-0 


After ignition, the space occupied by the oxides 
shrinks to about 80 per cent. of that occupied by the 
hydroxides. The powder is soft and friable in texture. 
After ignition of the powder for 75 minutes at 1,150 deg. 
C. the density determined pycnometrically is 6-2. 

Microscopical examination of the product reveals that 
approximately 3 per cent. of the particles are between 
20 and 200 microns in size, the remainder being smaller. 
With the exception of a very small quantity of foreign 
material, such as grit or fragments of crucibles, the 
large particles are predominantly loosely combined 
aggregates of oxides. Since particles greater than 
about 20-30 microns in size produce scratches or 
“‘sleeks”” on the glass surface being polished, they 
must be removed or reduced in size before the product 
is suitable for “‘ finishing.” The product should there- 
fore be milled to break up aggregates and to avoid 
subsequent loss of oxides with rejected coarse material, 
and finally classified. : 

Air classification in a cyclone-type classifier failed 
to remove the coarser particles completely though the 





* Small increases in weight may be detected at 
temperatures greater than about 1,000 deg. due to slow 
absorption of oxygen by praseodymium or other cerium- 
group oxides. 

t Z. anorg. Chem., vol. 242, page 79 (1939). 





air stream served to break up a considerable portion 
of the coarser aggregates.* Treatment in a high-speed 
hammer mill fitted with a 40-mesh screen reduced the 
quantity of coarse particles to 0-2 per cent., and the 
size range of these particles to 20 to 100 microns, but 
as the product still caused “‘ sleeking ” on softer glasses 
water elutriation was finally chosen as the most satis- 
factory method of grading. Preliminary milling by 
passage through a hammer mill, however, was usually 
carried out before elutriation. A simple type of water 
elutriator designed and used successfully for this 
classification is shown in Fig. 1, on page 189. The 
measured velocities of fall in water of the various 
oxide particles are shown in Table I. 


TABLE I. 





Particle Size Range, | Per cent. of Total | Velocity of Fall, 
Microns. (Weight). 


Cm. per sec. 





200-30 | 
30-0-5 | 
< 05 | : <0 


5-0-0 
0-7-0 





In designing the elutriator the velocity of upward 
flow of the water in the cylinder a was made equal 
to 0-7 cm. per second, so that all those particles 
greater than 30 microns in size would sink and those 
less than 30 microns in size would be carried over into 6. 


The diameter of 6 was made pa = 2-7 times the 


diameter of a so that the velocity of upward flow in } 
was 0-1cm. persecondt. Thus, all the particles in the 
size range 0-5-30 microns would settle in 6 and the 
smaller particles would be recirculated. The rate of 
feed of the oxides could be adjusted until a desirable 
pulp density was obtained. The desired fraction was 
recovered by decanting the water from 6, discharging 
the settled paste through the bottom outlet and draining 
on filter cloth. Since the polishing agent is generally 
used in the form of a water paste, the drying of the 
product, which contains 40 per cent. of water, is 
unnecessary. 

Small-scale tests were also carried out with vibrating 
screens to remove coarse particles. Even after thorough 
drying the material tended to form aggregates and block 
the screen. Good polishing results were obtained 
after the passage of the oxides through 150-mesh screens 
but the method was slow compared with water elutria- 
tion. Owing to the partial blockage of the openings, 
the sieved product consists of particles smaller than 
normally delivered by the screen. 

The particle-size distribution in a sample passed 
repeatedly through an air classifier to remove the 
majority of particles greater than about 20 microns 
in size was found by application of Stokes’s Law, using 
the value of the density cited in a preceding paragraph. 
Five per cent. of the total material was collected as 
rejects (coarse particles) and 5 per cent. was lost as 
fines. The product was dispersed in an aqueous 
solution containing 3 grammes per litre of pure sodium 
hexametaphosphate and the settling velocities deter- 
mined following the procedure of Andraesen.{ The 
results are given in Table II. The cumulative weight 


TABLE II.—Particle Size Distribution in Ignited Oxides. 





Particle Size (Microns). Weight (per cent.). 











per cent. is plotted against particle size in Fig. 2, page 
189, curve A. Forcomparison the curve for a sample of 
commercial ‘‘ cerium oxide” is included (curve B). 
The distribution of particle size is comparatively 
uniform in the ignited oxides and averages approxi- 
mately 5 microns. The distribution curve for the 
second sample shows that most of the particles are 
between 4 and 8 microns in diameter. 

Microscopic examination shows that the external 





* The fines collected in 5 per cent. yield from the air 
separator consist of particles the average size of which is 
considerably less than 5 microns. This material is very 
satisfactory for “‘ finishing” even the softest types of 
glass. 

+ Streamline flow conditions were difficult to obtain in 
practice without making the height of the vessels unduly 
great. To prevent the carry over of large particles by 
local high-velocity currents, it was found advisable to 
reduce the water circulation rate to about 50 per cent. 
of the theoretical rate. 

t Trans. Ceram. Soc., vol. 29, page 239 (1930). 
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structure of the ignited oxides is identical with that 
of the original hydroxides. Since the hydroxides 
are relics of the sodium double-sulphate crystals from 
which they were produced, relic structure is retaineq 
in both the following transformations : 
Sodium double sulphates———> 
(NaOH) 
Mixed hydroxides——->Mixed oxides 
(Ignition) 

This point is of some importance in the production of 
finely divided polishing powders since the particle 
size of the double sulphates largely determines the 
particle size of the ignited oxides derived from them, 
There appears to be no marked change in particle size, 
either in the conversion to hydroxides or to oxides, 
Fig. 3, on page 189, shows a typical oxide produced 
from a finely divided crystalline precipitate of sodium 
double sulphates, not milled or elutriated and ignited 
for 75 minutes at 1,150 deg. C. This is the type of 
precipitate usually obtained for subsequent preparation 
of the hydroxides and oxides. Fig. 4, on the same 
page, shows the nature of the product obtained when 
coarser crystals of sodium double sulphates are em. 
ployed. This sample has also been ignited at 1,150 
deg. C. for 75 minutes. 

Under the microscope, small samples of hydroxides 
ignited in platinum dishes for one hour at any tempera. 
ture between 500 deg. and 1,050 deg. C. all appear 
similar, thinner particles being transparent, isotropic, 
and orange buff in colour. Only a slight increase in 
depth of colour is noticeable as the ignition temperature 
increases. The refractive index of the particles exceeds 
1-74, The size and shape of the particles has-already 
been described ; numerous loosely bound aggregates 
are also present. No increase in particle size with 
increase in ignition temperature can be detected. 
At temperatures above 1,050 deg. C. aggregation of the 
particles commences and individual grains become less 
transparent. At 1,150 deg. C. only opaque reddish. 
brown particles sintered together can be distinguished. 
It is assumed that this behaviour is caused by recrystal- 
lisation, though no new crystalline forms are visible. 
Aggregation and sintering take place in small samples at 
temperatures below those observed when larger quan- 
tities are treated ; it is suggested that rapid penetration 
of heat into small samples is responsible for this differ. 
encein behaviour. As stated, little aggregation was 
noticeable in 2 1b. samples ignited in fireclay-graphite 
crucibles at temperatures below 1,200 deg. C. 

Microscopic examination of the oxides produced 
from mixed rare-earth oxalates reveals that relic 
structure is also retained in the following transforma. 
tions : 

(Ignition ) 
Mixed oxalates———>Mixed oxides 
(NaOH) (Ignition) 
Mixed oxalates—-—»>Mixed hydroxides——»>Mixed oxides. 

The mixed oxalates were precipitated from solutions 
prepared by decomposing purified monazite in sulphuric 
acid, dissolving the product in water and filtering from 
insoluble material. Provided oxalic acid solution is 
added slowly, well formed crystals may be obtained at 
80 deg. C. Rapid precipitation gives poorly defined 
crystals containing numerous inclusions of mother 
liquor. Precipitation at 20 deg. C. gives an amorphous 
substance which rapidly crystallises into globular 

tes with a radiating structure and often showing 
a central nucleus of crystalline or occluded material. 
Mixtures of aggregates and crystals are formed at 
50 deg. C. The average particle size of oxalates 
formed at 80 deg. C. is approximately 50 microns, the 
largest particles consisting of elongated crystals 
measuring up to 200 microns in length. Aggregates 
formed at lower temperatures vary in size from 8 to 
30 microns. 

Two types of mixed rare-earth oxalate crystal are 
shown in Figs. 5 and 6, on 189. Fig. 5 shows 
mixed rare-earth oxalate crystals precipitated from 
sulphuric acid-phosphoric acid solution at 80 deg. C. 
Fig. 6 shows mixed rare-earth oxalate crystals formed 
by cooling saturated solutions of the oxalate from 
80 deg. to 20 deg. C. These crystals, which show 
varying development of the faces, are optically biaxial 
and resemble a series of hydrated oxalates of the 
cerium group described by Wyrouboff,* who stated 
that these oxalates belon to the monoclinic 
system and gave the general formula R,(C,0,)s. 11 H,0 
to the series. As insufficient optical data are available 
for the 1l-hydrates it cannot be determined with 
certainty whether the mixed oxalates possess the above 
formula ; chemical analysis is unsatisfactory because 
of the presence of thorium and unknown proportions of 
the rare-earth elements (other than cerium). 

On ignition of the mixed oxalates for one hour at 
1,000 deg. C., the form of the parent oxalate crystals 
is accurately retained. The colour changes to orange 
buff and the refractive index rises to a high value. 
These effects are best observed in well formed crystals 


* Bull. Soc. Frang. Min., vol. 24, page 105, 111 (1901); 








Ibid., vol. 25, page 66 (1901). 





that 
ides 
Tom 
ined 


cides 


mn of 
ticle 

the 
em. 
size, 
ides, 
uced 
lium 
ited 
of 
tion 
same 
vhen 
em- 
| 150 


cides 


pear 
opic, 
e in 
suture 
eeds 


zates 
with 
cted. 
f the 
> less 
dish. 
shed. 
stal- 
sible. 
les at 
juan- 
ation 
iffer- 


phite 
juced 


relic 
rma- 


cides. 
tions 
huric 
from 
on is 
ed at 
fined 
other 
yhous 
bular 
wing 
erial. 
d at 
lates 
, the 
ystals 
gates 
8 to 


1 are 
hows 
om & 


rmed 
from 
show 
axial 
’ the 
tated 


slinic 


lable 
with 
sbove 
pause 
ms of 


or at 
stals 


alue. 
rgtals 


901); 











AuG. 20, 1948. 





IQl 





ENGINEERING. 





POLMADIE LOCOMOTIVE DEPOT. 











flattened parallel to one set of faces. 


For example, 
one set of such faces shows that the characteristic 
profile angles of 117 deg. and 63 deg. C. remain un- 


changed after ignition. Thicker crystals sometimes 
appear distorted after ignition, possibly because of the 
escape of volatile matter from numerous inclusions. 
Under crossed Nicols, transparent sections of ignited 
oxalates are observed to be anisotropic, in contrast 
with the material formed on ignition of the hydroxides. 

At higher temperatures, as, for example, at 1,150 deg. 
(., the particles become opaque and begin to lose the 
shape of the original crystals, presumably due to re- 
crystallisation. Since the crystalline form of the 
oxalates is distinct from that of the sodium double 
sulphates, microscopic examination provides a simple 
means of distinguishing oxides produced from oxalates 
and double sulphates respectively. 

From the foregoing discussion it is clear that the 
mixed oxalates should preferably be obtained in the 
form of very small crystals if the oxides derived from 
them are to be used without preliminary grinding for 
glass polishing. All the products prepared by precipita- 
tion from solution were found to be coarsely crystalline 
and required milling to reduce the particle size to an 
appropriate value. Oxides produced from double 
sodium-rare earth sulphates invariably fell within the 
desired range of particle sizes and therefore required 
little treatment before elutriation. In any considera- 
tion of costs the superiority of the polish produced 
by the mixed oxides as compared with other polishing 
agents must be appreciated. Although the cost of 
production of the mixed oxides exceeds that of rouge, 
the increased rate of polishing obtainable, alone com- 
pensates largely, if not entirely, for the difference in 
cost of the two materials. 





ANGLO-AMERICAN AERONAUTICAL CONFERENCE, 1949. 
—Arrangements are now being made by the Institute 
of the Aeronautical Sciences and the Royal Aeronautical 
Society for the second Anglo-American Aeronautical 
Conference which is to be held in the late spring of 1949. 
A detailed programme of the arrangements will be issued 
a8 soon as possible. 





FEED-WATER HEATING FOR LOCOMOTIVES.—In the 
Franco-Crosti system of feed-water heating, the path of 
the smoke from the firebox is extended by the addition of 
two cylindrical drums, one on each side of the boiler, 
which contain a nest of smoke tubes surrounded by the 
feed-water. The normal locomotive chimney is abolished, 
and the smoke passes from the smokebox to the front 
ends of the drums, back through the nests of tubes to 
two chimneys, one at the rear end of each drum. The 
feed-water flows in the opposite direction, then through a 
clack-valve to the main boiler. Mr. P. M. Bishop, 4, 
Temple Fortune-court, London, N.W.11, is the agent in 
the British Empire for the Italian makers, and he states 
that an economy of 18-93 per cent. in fuel consumption 
has been achieved in an Italian 2-6-2 locomotive fitted 
with this system. It is proposed to convert other 








Italian and Spanish locomotives. 








POLMADIE LOCOMOTIVE DEPOT. 


THE Polmadie locomotive depot of the Scottish 
Region, British Railways, near Crosshill Station, 
Glasgow, has recently been equipped with a modern 
coaling plant and an ash-handling plant of novel design. 
The accompanying illustration shows the shed yard 
with the coaling plant on the right, the ash pits in the 
four roads on which the locomotives are standing, 
and the ash conveyer in the near foreground; the 
conveyor raises the ash into a bunker from which the 
photograph reproduced was taken. The depot has 
also been equipped with a new 70-ft. vacuum-operated 
turntable and a 43,500-gallon water tank; fluorescent 
lighting is being provided in repair and inspection pits 
and on portable trolleys. About 165 locomotives are 
permanently allocated to Polmadie depot, and about 
200 come to the shed daily for coaling and ash disposal. 

The ash-handling plant is stated to be the only one 
of its type in the country. There are four pits, each 
190 ft. in length. The ae of each pit and the two 
outer areas between the pairs of tracks consist of 
grids made from used rails, which allow the ashes to 
fall through into two reinforced-concrete hoppers, 
each of which extends for the full length underneath 
a pair of tracks. The hoppers contain troughs filled 
with water to quench the ashes, the level of the water 
being maintained constant by a ball valve in each 
trough. The ashes are removed from each trough by a 
36-in. conveyor belt which is submerged in the water. 
Each belt extends for the full length of the trough, 
and is driven by an electric motor at a speed of 11 ft. 
per minute; it is carried upwards at one end on 
a slope, to another conveyor belt operating at right- 
angles to the line of the troughs. The transverse 
belt is 24 in. wide, and can be operated at speeds of 
40, 80 and 120 ft. per minute, according to demand. 
The ashes from this belt are deposited on to a 24-in. 
inclined conveyor belt which leads up through a sub- 
way in the ground, as shown in the illustration, to a 
height of 50 ft., and are discharged into an elevated 
reinforced-concrete bunker of 50 tons capacity. The 
bunker straddles a rail siding on which are marshalled 
wagons for transporting the ashes, the empty wagons 
having been shunted from the coaling plant after 
delivering coal. The outlets from the ash bunker 
are controlled manually by chains working on sprocket 
wheels. 

The locomotive coaling plant is of the skip-hoist 
type, of 400 tons capacity. It has three bunkers: 
one for 100 tons of grade 1 coal suitable for express- 
passenger work; another of 100 tons capacity for 
grade 2 coal suitable for local-passenger and fast-freight 
trains ; and one for 200 tons of grade 3 coal for shunting 
and “ trip”’ engines. The main structure and bunkers 
are of reinforced concrete, and the bunkers are lined 
inside with steel plating to resist abrasion by the coal, 
and to facilitate the free flow of the coal. Three 
electric capstans have been installed at suitable points 
for moving wagons to and from the plant. Mineral 
wagons of all types from 8 to 20 tons capacity can be 





handled. A loaded wagon, after being sprayed with 
water during dry weather, is placed centrally on a 
tippler table, which is then tipped sideways to dis- 
charge the coal into a steel container or skip, the 
wagon being held to the tippler by a beam along 
the side which bears the weight and by another 
beam which presses on the top of the wagon. The 
skip has a capacity of 22 tons, and is hoisted to the 
top of the plant, and traversed by a carriage which 
brings it over the desired coal bunker. A bottom door 
in the skip is opened by electrically-operated mechan- 
ism, allowing the coal to fall into the bunker. The 
plant is driven by electric motors, and the operator 
controls it from a cabin adjacent to the tippler. The 
coal is fed out of the several bunker outlets by jigger 
feeders which are electrically driven and are capable 
of supplying coal at a rate of between 60 and 120 tons 
per hour. There are three roads which can be used 
by locomotives for coaling : one each for grades 1 and 
3 coal, and another for either grade 2 or 3. The princi- 
pal contractors were Messrs. John Thompson Engineer- 
ing Company, Limited, Wolverhampton, for the ash- 
handling plant; and Messrs. Mitchell Engineering, 
Limited, Peterborough, for the coaling plant. 





NOTES ON NEW BOOKS. 


Centenary of the Irish Mail, 1848-1948. By V. Stewart 
Haram. The Railway Executive (London Midland 
Region), Regional Press Office, Eversholt-street, 
London, N.W.1. [Price 2s. 6d.] 


Tue “Irish Mail ”’—claimed to be the oldest named 
train in the world—completed 100 years of regular 
operation on August 1, and Mr. Haram’s commemora- 
tive brochure was produced to mark this event in the 
history of British railways. The narrative goes back 
considerably farther, however, as it begins in the 
reign of Queen Elizabeth, when, on October 1, 1572, a 

stal service between the Court in London and the 

rd Lieutenant in Ireland was established under the 
authority of Thomas Randolph, Master of the Posts. 
The sailing packets were succeeded by steamers in 
1820, but it was not until 18 years later that the mails 
were conveyed all the way by steam, when the main line 
northward from London connected with the Liverpool 
and Manchester Railway. The mail: packets sailed 
then from Liverpool, but this service was discontinued 
when, on August 1, 1848, the service via Holyhead 
was inaugurated. Through rail transit from London 
to Holyhead, however, was not possible until 1850, 
when the Britannia tubular bridge was completed. 
The booklet is well written, and contains a number of 
illustrations of historical interest. 


Elementary Vectors for Electrical Engineers. By G. W. 
Srussines, B.Sc. (Lond.), F.Inst.P., A.M.I.E.E. 
Third edition. Sir Isaac Pitman and Sons, Limited, 
Parker-street, London, W.C.2. [Price 7s. 6d. net.] 


AparT from a slight e ion of the chapter on the 
applications of vector lect, the present edition of 
this 110-page crown-octavo volume is almost identical 
with the second edition, which was reviewed in 
ENGINEERING, vol. 162, page 507 (1946). The book 
assumes an element knowledge of algebra and 
trigonometry ; its earlier chapters show that vectors 
may be used to represent sinusoidal voltages and 
currents, and describe some of their applications by 
references, for example, to resonance circuits and to 
circle diagrams. Later chapters illustrate the use of 
vectors in three-phase theory and discuss the meaning 
and the use of the operator j in simple circuit pro- 
blems. The short final chapter on pe non functions 
is somewhat superfluous in a work of this nature, and 
would probably be more appropriate in a mathematics 
text-book. The book contains an index and is well 
illustrated with line diagrams. Though a little wordy 
in places, it should prove a handy companion volume 
for the student studying for a degree or Higher National 
Certificate, or for the practising engineer who wishes to 
brush up some of his theoretical knowledge. 





Manufacture of Diamond Tools and Their Application 
in Germany from 1939-1945. Edited by P. Grop- 
zINSKI, A.M.I.Mech.E. N.A.G. Press, Limited, 226, 
Latymer-court, London, W.6. [Price 7s. 6d.] 


Mr. P. GropzinskI was one of the British team of 
investigators who, shortly after the end of the war, 
made a survey of the German industrial-diamond 
industry; their report was published subsequently 
under the reference BIOS 1448, and reprinted in the 
columns of The Industrial Diamond Review. The 
information there given is now made available in the 
brochure under review, together with notes from other 
Intelligence Reports on the industry in Germany, and 
a copious list of references to other reports in which 
mention is made of the use of diamonds in industry. 
There is a good subject index and an equally compre- 
hensive name index. The investigating team came to 
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the conclusion that. apart from a few special develop- 
ments which they described, the German industrial- 
diamond industry was not so far advanced as the 
British industry. They had no opportunity to visit 
the Russian Zone, in which a large part of the German 
industry is situated, but add that a study of the avail- 
able evidence, and of the literature of the subject, 
ap to substantiate their general impression of the 
industry in the British, American and French Zones. 
Mr. Grodzinski’s brochure should be of considerable 
interest to many engineers as well as to the British 
industrial-diamond industry. 





The Somerset and Dorset Railway. By D. S. Barrie 
and C. R.CLINKER. The Oakwood Press, Tanglewood, 
South Godstone, Surrey. [Price 7s., net, in paper 
covers or 8s. 6d., net, in cloth.] 

THE series of booklets forming the Oakwood Library of 

Railway History has acquired already a reputation 

for its strictly factual treatment of the annals of various 

lines that have not figured very prominently in most 
earlier historical reviews of railway construction and 
operation. The present work fully maintains that 
high standard, and, while containing a good measure 
of anecdotage, of the kind to appeal to the mere 
dilettante in railway matters, provides also a survey 
of the legal and operational background that qualifies 
it to rank as a valuable contribution from the point 
of view of the more serious historian. Some of the half- 
tone illustrations are hardly up to the standard of 
the text, but against this shortcoming must be set the 
advantage that the small size of the pages enables the 
book to be carried conveniently in the traveller's 
pocket. Under the nationalisation regrouping, the 
Somerset and Dorset line has become part of the 
Southern Region of British Railways. 





Aircraft Sheet Metal. By Cotonrt R. H. Drakes, 
B.S., M.A. The Macmillan Company, 60-62, Fifth- 
avenue, New York, U.S.A. [Price 5-50 dols.]; and 
Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 27s. 6d., net.] 


THE title of this publication, as with others by the same 
author already reviewed, is hardly an adequate descrip- 
tion of its contents; it provides a comprehensive 
survey of the processes involved, and the special tools 
used, in the manipulation of thin sheet metal. While 
the examples chosen, and the illustrations, are generally 
aircraft details, the information given should be of 
value to many sheet-metal workers other than those 
in the aircraft industry. Starting with the properties 
of metals and the technical terms involved, the author 
proceeds to discuss the peculiarities of the alloys of 
aluminium, magnesium, and iron. There is a useful 
chapter on workshop methods of identification of the 
more generally ad alloys, followed by chapters on 
heat treatment, special tools, and the interpretation of 
drawings. Successive chapters are devoted to workshop 
processes, and there is a special discussion of the 
peculiarities of the corrosion-resistant alloys, and on 
repairs. These two parts are perhaps the least useful 
to an English reader, as they refer to American practice 
as governed by the Civil Aeronautics Manual, which 
is by no means always the same as that laid down by 
the Air Registration Board in this country. This 
kind of book might be read with advantage by 
any engineering apprentice, as it gives advice on and 
reasons for almost every operation that he may be 
called upon to perform. Such information can seldom 
be obtained in so reliable a form from mechanics in the 
shops. Read with the fact in mind that the American 
technology and practice are sometimes different from 
British, the book should be of benefit to any beginner in 
the practical side of engineering. 





Building Small Ships. By the late WaLTER PoLLock, 
M.I.N.A. Published by his Executors, Wybourne 
Grange, Tunbridge Wells, Kent. [Price 15s. net.] 


SamvueEL Pepys, who long cherished the intention to 
write a history of the Royal Navy, collected for the 
purpose a large quantity of disjointed notes which 
were published eventually, more than two centuries 
after his death, under the title of Naval Minutes. This 
last book by the late Mr. Walter Pollock bears some 
resemblance to Pepys’s notes, in that successive para- 
graphs often bear no relation whatever to each other, 
but leave the impression of being mere jottings, set 
down at intervals as they happened to occur to the 
mind of the author ; sometimes complete in themselves, 
but sometimes suggesting, like those of Pepys, that 
they were no more than memoranda which it was the 
writer’s intention to amplify as the opportunity 
occurred. The book is of somewhat unequal quality, 
therefore ; but there is much useful information in it, 
the fruits of a long lifetime of practical ship design and 
construction, though the reader is liable to find himself 
left “‘ in the air,” wishing that the author had been just 
a little more explicit. 


** ENGINEERING *’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
The number of views given in the Specification Drawi 

te stated ta each case; where none is mentioned, t 

Specification is not i 
Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 


Biaee” Sales “Branch, "%, ‘Southampton Puildinos, 
, . LL ings, 

y, at. London, W.C.2, price 1s. each. 
The date of the advertisement of the acceptance of a 
Complete Specification is given after the abstract in 
each case, unless the Patent has been sealed, when th 


Any person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 
Se oe ae 6 ee rae ae 
opposition to grant of a Patent on any of the 
grounds mentioned in the Acts. 
FURNACE APPARATUS. 


599,286. Mechanical Stoking of Furnaces. Foster 
Wheeler, Limited and G. H. Hopewell, both of London. 
(7 Figs.) September 14, 1945.—This invention is a 
mechanically-stoked furnace with a travelling grate, 
constructed so as to improve the rate of combustion of the 
solid fuel employed. The fuel, consisting of coal of 
mixed sizes, is passed through a grading conveyor of the 
scraper type which delivers coal pieces of various sizes 
into different hoppers, in the usual way. The coal is fed 
through two or more fuel inlets to the space above a 
travelling grate, the inlets being spaced lengthwise over 
the grate. The largest pieces are fed through the inlet 
nearest to the commencement of travel of the grate, the 
other inlets being fed with fuel pieces which become 
progressively smaller as the inlets are nearer to the 
discharge end of the grate. In the arrangement illus- 
trated the largest size pieces of coal are fed on to the 
grate z of the furnace through a hopper 13 at the front 

















(599,286) 


of the furnace, the smaller sizes, with the exception of the 
fines, being fed on to the grate from the sides of the fur- 
nace by means of sprinkler-type feeders 14, 15 located so 
that the coal fed from each remains on the grate only for 
the period necessary for complete combustion. The 
fines are pushed from a hopper 16 by a reciprocating 
pusher 17, aided by air or gas streams derived from 
chamber 18, to direct them to the correct point towards 
the ash-dumping end of the grate. The hopper 13, the 
sprinklers 14 and 15, and the hopper 16 are supplied with 
fuel of the appropriate size from the hoppers of the 
grading conveyor previously mentioned. By this 
arrangement the smaller particles of fuel are carried on 
the grate for less time and over shorter distances than the 
larger particles or lumps, different sizes of pieces remain- 
ing on the grate only for such time as is necessary to 
complete their combustion. (Sealed.) 


599,811. Liquid-Fuel Atomiser. Sir Frederick R. G. 
Turner, of the Isle of Wight, and C. J. Gray, of Haslar, 
Hants. (3 Figs.) January 16, 1945.—This invention 
relates to apparatus for firing furnaces with liquid fuel, its 
object being to ensure thorough mixing of liquid fuel and 
air and enable a burner with a stable flame to be adjusted 
for efficient combustion and protected against damage 
through over-heating when not in use. The drawing 
shows a diagrammatic axial section through the register 
of apparatus in position on a furnace. A register is 
made in two axially-spaced cylindrical parts 1 and 2, the 
space between which is bridged by inwardly inclined 
vanes 3, defining between them main air inlets which can 
be closed by a cylindrical axially sliding shutter 4 carried 
by the front part 1 of the register and movable by means 
of slide bars. The register, which is supported on the 
furnace by means not shown, extends between a screen 
plate 5 and the mouth of a refractory quar! 6 lining the 
furnace throat. Near its front end the register has a 
radial wall formed by an annular plate 7 on which is 
mounted an open-ended central air-supply tube 8 and a 
radially webbed sprayer carriage 9 for a sprayer tube 10 
extending axially tbrough the register. The carriage 9 
is secured to the plate 7 by hand-operated screw-threaded 
clamps 11, so that the carriage can be released easily and 
withdrawn complete with the sprayer tube 10 through the 
central air-supply tube 8. The outer end of the sleeve 
9a of the carriage 9 is tapered and split and provided 
with a screwthread to receive an internally-tapered 
clamping nut 12 to constrict the split end of the sleeve 9a 





around the sprayer tube 10 and hold it frictionally in any 
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position within the range of axial displacement allowed 
by its length. Two dogs are provided in the inner eng 
of the sleeve 9a to engage corresponding recesses in the 
head of the sprayer tube 10 when at its extreme outward 
position, so as to provide a positive stop against rotation 
of the tube 10 for tightening or slackening a bolt 13 which 











holds the coupling 14 of an oil-supply hose 15 in the outer 
end of the sprayer tube 10. At its foner end the sprayer 
tube 10 carries a sprayer cap or burner 16 and a tip plate 
17 in the form of an annular disc, the purpose of which is 
to promote, forward of the sprayer cap 16, a low-pressure 
zone of turbulent air into which the oil spray enters so 
that astable primary flameis maintained. ( Accepted March 
22, 1948.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


599,650. Safety Device for Drop Hammer. Hawker 
Aircraft, Limited, of Kingston-on-Thames, Surrey, J. H. 
Beanland, of New Malden, Surrey, and F. H. Hutchings, 
of Kingston-on-Thames, Surrey. (2 Figs.) September 
22, 1945.—The invention is a safety gate for a drop 
hammer or power press constructed so that the machine 
cannot be operated until the gate is closed and the gate 
cannot be opened except when the machine is in a safe 
condition. The drawing shows the device in conjunction 
with a drop hammer which is operated pneumatically, 
the flow of pressure fluid being under the control of 
suitable valve mechanism. The gate consists of inwardly 
and outwardly moving parts including vertically arranged 
posts 1 and 2 which may be operated by hand or 
mechanically, the drop hammer being inoperative unless 
the gate is in the closed condition. The gate parts are 
shown in their closed position, in which position air under 
pressure can pass to the hammer-operating mechanism. 
The valve casing 3 to which supply pipes 4 are connected 
contains a balanced piston 5 peripherally grooved at 6 
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to permit the flow of air past the piston when in the 
position shown, the piston being normally held in its 
closed position by a coil spring 7, the tension of whicb 
can be adjusted by the screw 8. The piston is provided 
with an extension 9 carrying a roller 10. A tapered 
ramp 11 is carried by the gate part 1 and a further 
tapered ramp 12 is carried by gate part 2, each ramp being 
pivoted about the points 13. The tapered ramps 11 
and 12 override each other, and it is only when these 
ramps occupy a position of maximum overlap that the 
upper ramp, by virtue of its engagement with the roller 
10, will move the piston 5 into the position shown, to 
permit the flow of air past the piston. The gates are 
of the roller trellis type similar to those used in lifts, 
and the rollers 14 run on a rail 15 on which the ramps also 
ride. To prevent the gates from being opened except 
when the machine is in a safe condition, a vertically 
sliding fork 20 is arranged to fall into a position embracing 
the two innermost gate posts 21 when the gates are closed. 
A projection on this fork is encountered by a projection 
on the tup which is in such a position that it raises the 
fork 20 out of engagement with the parts 21 only when 
the tup is in its topmost position. (Sealed,) 
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THE MACHINE TOOL AND ENGINEERING 
EXHIBITION AT OLYMPIA. 
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Tue machine-tool industry is the basic manufac- 
turing industry, vital in war and peace, and the 
fourteen years that have elapsed since the last 
Machine Tool and Engineering Exhibition was 
held have affected it profoundly. Seen in retrospect, 
the years from 1934 to the outbreak of war were 
years of preparation for war, in which the industry 
was required to meet an increasing demand for its 
products. The design of machine tools progressed, 
but this was largely arrested during the war, when 
the overriding demand was for quantity. Now the 
industry is fully occupied in satisfying the needs 
of both home and overseas markets, and. with an 
eye to the future, when the sellers’ market will 
have disappeared, machine-tool makers are improv- 
ing their products. The exhibition opened yester- 
day, August 26, at Olympia, London, and will close 
on Saturday, September 11. 

Most of the machines at the exhibition are, of 
course, familiar types, although there are some— 
generally special-purpose tools—which are entirely 
new. It would be interesting to discover how 
far new and improved machine tools are the result 
of suggestions made by the users, and how far 


direct current from alternating-current mains 
through a mercury-arc rectifier. There are four 
gear ratios which, together with the variable-speed 
characteristics of the motor, provide a speed range 
from 17 r.p.m. to 1,500 r.p.m. By grid control of 
the rectifier, the motor can run at any speed from 
600 r.p.m. to 1,500 r.p.m. with constant torque. 
If a higher speed is required, the motor may be 
run up to 2,000 r.p.m. by means of shunt control, 
and over the range 1,500 r.p.m. to 2,000 r.p.m. 
constant horse-power is available. The motor can 
be run up to any pre-determined speed, which will 
remain constant between no-load and full-load 
conditions. At the higher speeds, the motor drives 
the spindle directly through a flexible coupling. The 
whole of the gearing is hardened and profile-ground ; 
sliding gears move on ground splined shafts, which 
run in ball or roller bearings, and the spindle is 
mounted in a special arrangement of precision anti- 
friction bearings. Dry-sump lubrication is em- 
ployed, one pump circulating oil through both the 
headstock and the feed box. The main motor is 
controlled by push-buttons giving “‘ start,” “stop,” 








“reverse ’’ and “inch,” and the rheostat for the 


accommodate any slight expansion which may 
occur in the part being turned, the tailstock shoot 
can move a short distance against a strong spring. 
The lathe bed is a heavy casting, which rests on the 
foundation for its full length. It has independent 
raised V-guides for the saddle and the loose head- 
stock, and chutes open to the rear for the disposal of 
swarf, large quantities of which may be produced 
owing to the high cutting power of the lathe. 
Messrs. George Swift and Sons, Limited, are also 
showing a 18}-in. swing Swift-Sentinel lathe, which 
is illustrated in Fig. 2, on page 194; their V5 
surfacing and boring lathe, which will swing work 
5 ft. in diameter and 18 in. thick in the gap; a 
24-in. centre lathe designed for turning turbine 
rotors; and a 10-ft. by 3-ft. 6-in. by 3-ft. 6-in. 
planing machine, which is made by Messrs. Swift- 
Summerskill, Limited. The 18}-in. swing Swift- 
Sentinel lathe weighs approximately 57 cwt., and 
the same firm’s 22}-in. swing lathe, of generally 
similar design, weighs approximately 67 cwt. As 
will be seen from the illustration, the 18}-in. lathe 
is of substantial proportions, and the makers 
state that care has been taken in the design to 











Fic. 1. LatHe For 


they are due to the enterprise of the makers. 
Undoubtedly, both factors have an effect, but 
most eredit is probably due to the makers. Apart, 
however, from improvements in the various 
methods of utilising energy for removing or forming 
metals and other materials, machine tools have 
been improved during recent years by consider- 
ing the design in relation to human physiology. 
Even a new type of special-purpose machine tool 
no longer appears as an odd assemblage of com- 
ponents, but as a fairly mature design related to the 
physical and mental characteristics of the operator. 
The machines described in the following pages have 
been grouped by types, as far as possible, commenc- 
ing with lathes, and following on to boring and 
drilling machines; planing, slotting and shaping 
machines; milling machines; and woodworking 
machines. 

The lathe shown in Fig. 1, on this page, was 
specially designed and built by Messrs. George Swift 
and Sons, Limited, Claremont Works, Halifax, for 
testing various types of lathe tools, for determining 
the machinability indexes of metals, and for investi- 
gating the properties of various coolants, used for 
& wide variety of metals. It is a 14-in. centre 


machine, and will take 7 ft. between centres. It 
Weighs approximately 13 tons, and, as will be seen 
from the illustration, it is very substantially built 
and embodies a number of unusual features. The 
main driving motor is mounted co-axially with the 
spindle, and is a 30/60-h.p. machine supplied with 








Testinc Torntne Toots; Messrs. Gzoree Swirr anD Sons, LimiTep. 


grid control is built into the saddle and is operated 
by a small knob within easy reach of the operator. 
The quick traverse of the saddle along the bed 
is operated by a motor, which is built into the 
front of the apron and controlled by two push- 
buttons, “ right ” and “‘ left.” “* Start ” and “ stop” 
push-buttons for controlling the main motor are 
also provided at the end of a long flexible lead, so 
that when dangerous turning is in progress the 
lathe may be started and stopped from a distant 
point. Two ranges of feeds are provided: nine fine 
fe ranging from 80 cuts to 1,120 cuts per inch, 
and nine coarse feeds from 10 cuts to 140 cuts per 
inch. To prevent accidents due to over-stressing 
the lathe, the coarse feeds are interlocked with the 
higher speeds of the headstock in such a way that 
the two cannot be engaged simultaneously. The 
saddle is of robust proportions, without compound 
slides to reduce the number of mating surfaces, 
and both sliding and surfacing motions are con- 
trolled by a single lever. There are two tool-holders : 
a square turret at the front, and a bolt-and-plate 
tool-holder at the back. The turret will accommo- 
date ordinary tools, or a dynamometer-type tool- 
holder can be fitted and coupled to an indicator desk 
to show the radial, tangential, and axial forces pro- 
duced in cutting. The rear tool-holder can be used 
for cutting tools or for carrying hardness-testing 
equipment. The tailstock is also very substantial. 





It has a shoot 7 in. in diameter, and a running 
centre capable of carrying heavy loads. In order to 


ensure that all hand-operated motions require little 
effort. The bed, which can be supplied with or with- 
out a gap, has independent prismatic guideways for 
the saddle and the tailstock. It is mounted on a 
cast-iron underframe, which increases its rigidity, 
and contains the electric motor, the switchgear 
and, in a separate compartment, the lubricant suds 
which are circulated by a centrifugal pump. The 
tray under the bed is cast integrally with the 
underframe. 

The driving motor is supplied to suit the customer. 
A single-speed motor of from 7} to 15 h.p. can be 
fitted, or a two-speed motor of 12 brake horse- 
power can be provided. The motor drives the 
headstock spindle by means of V-belts and gearing, 
access to the V-belts being provided by a door which 
covers the end of the lathe. The reversing switch- 
gear is mounted on a swinging door, so that the 
whole of the switchgear can be swung outwards, 
making it easily accessible for inspection and 
servicing. The headstock spindle is of large 
diameter, and is carried in precision anti-friction 
bearings suitably pre-loaded. All the gearing 
is of alloy steel, case-hardened and profile-ground ; 
the sliding gears move on ground splined shafts. 
Dry-sump lubrication is used, filtered oil being 
circulated by a plunger pump, and the feed box 
being lubricated by the same circulation of oil. 
Twelve spindle speeds are provided, which, with a 
single-speed motor of from 7} h.p. to 15 h.p. give 





a speed range of from 30 r.p.m. to 1,000 r.p.m. If 
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a two-speed 12/6-h.p. motor is used, 24 spindle 
speeds, from 15 r.p.m. to 1,000 r.p.m., are obtainable, 
and, if required, the range can be extended to 2,000 
r.p.m. The spindle flange, for mounting chucks, 
etc., is 7} in. in diameter. 

The Norton-type feed box provides 36 steps, 
the sliding feeds ranging from 29 cuts. to 412 cuts 
per inch, and the surfacing speeds from 58 cuts to 
824 cuts per inch. English screw pitches from 
2 threads to 28 threads per inch may be obtained 
without altering the lathe change wheels, and 
metric pitches from 0-75 mm. to 11 mm. are 
obtained by means of the change wheels. Special 
pitches may be obtained by similar means. If 
required, metric guide screws can be fitted, by means 
of which threads from 1 mm. to 15 mm. pitch can 
be cut. Sliding and surfacing feeds are applied by 
one lever through a drop-worm box, and the screw- 
eutting lever is interlocked with it. A plunger 
pump fitted inside the apron, and operated by the 
traversing motion of the saddle, lubricates both the 
apron mechanisms and the sliding surfaces between 
the saddle and the bed. The saddle supports a 
conventional cross-slide and top slide, and an 
American-type tool-holder, a four-way turret or 
special tool-holder can be fitted as required. The 
tailstock can be set over for turning slight tapers, 
and various accessories such as taper-turning mo- 
tion, automatic trips and diameter steps, can also be 
fitted as required. 

A heavy-duty 7-ft. chucking lathe is to be seen on 
the stand of Messrs. Noble and Lund, Limited, The 
Northern Machine Tool Works, Gateshead, 10, and 
is illustrated in Fig. 3, herewith. The same firm 
are also showing a “‘ Fluifeed ” cold circular-sawing 
machine and a circular-saw sharpening machine, 
but it is not practicable for them to exhibit their 
very large machine tools. The heavy-duty lathe 
has a four-jaw chuck 7 ft. in diameter ; it will swing 
7 ft. 9 in. over the bed and 4 ft. 10 in. over the 
cross-bed. The overall dimensions are 15 ft. 6 in. 
by 16 ft., and the weight approximately 31 tons, 
excluding the electrical equipment. The cast-iron 
bed is in one piece; the left-hand end forms the 
head-block and the right-hand end the cross-bed 
slides, which are broad, 8 ft. wide, and cast on chills 
to give a close-grained surface. The headstock is a 
massive box casting enclosing all the gearing and is 
bolted and keyed to the bed. The main spindle is 
of high-tensile forged steel, running in parallel gun- 
metal bearings 15 in. in diameter and 18 in. long at 
the front end, and 9 in. in diameter and 14 in. long 
at the opposite end. A 30-h.p. constant-speed motor, 

ing at 960 r.p.m., drives the main spindle 
through a chain and gearing. The motor is mounted 
on the back of the bed and can be moved to adjust 
the chain tension. 

The change-speed gearing provides 16 speeds, 
from 1 to 60 r.p.m., by means of sliding gears, the 
fast-running shafts being carried in ball and roller 
bearings and the others in bronze bearings. A 
pinion forged integrally with its shaft, from nickel- 
chrome steel, meshes with a cast-steel gear ring 
bolted to the chuck. The ring has internal teeth 
and is totally enclosed in the headstock. The 
gears and bearings in the headstock are lubricated 
by oil pumped from a sump to auxiliary tanks in 
the headstock, whence the oil passes into the bearings 
and is distributed over the gears. The operator can 
observe the proper functioning of the lubrication 
system through windows in the front of the head- 
stock, the interior of which is electrically illumin- 
ated. The cross bed is moved along the main bed 
by a hand-operated screw, and it supports two 
compound tool rests with stirrup-type tool-holders. 
Self-acting sliding and surfacing feeds are provided 
for both rests, and six rates of feed, from 8 to 96 cuts 
per inch, can be selected in either direction for each 
rest. Quick-traverse motions for setting the tool 
rests are provided by separate flange-mounted 
motors. In order to avoid damage due to jamming, 
slipping clutches are fitted to the feed motions. 

A centre lathe with a hydraulic attachment to 
enable an object to be turned by copying an original 
or a template is to be seen on the stand of the 
Holbrook Machine Tool Company, Limited, 44-48, 
Martin-street, Stratford, London, E.15. The same 
firm are showing also a number of other centre 
lathes, one equipped for relieving the teeth of 
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helically-fluted hobs, and another for grinding the 
relief on a worm hob; their model “B” No. 8 
centre lathe—the smallest they make—with spindle 
speeds from 30 to 3,000, controlled electronically ; 
and a thread-milling machine. The centre lathe 
with hydraulic attachment, illustrated in Figs. 4 
and 5, opposite, is basically the model “‘ B”’ No. 21 
precision tool-room lathe, which swings work 22},in. 
in diameter over the bed or 13 in. in diameter 5ver 
the saddle, and can take 48 in. between centres. The 
drive may be either from a 74-h.p. motor running 
at 1,450 r.p.m. to the first-drive pulley, or by 
belt from shafting to the same pulley, which runs 
at 600 r.p.m. In either case, the first-drive gearbox 
is mounted directly on the bed to relieve the head- 
stock of the initial driving stresses. The main 
spindle, which has a 2-in. diameter bore, is mounted 
on Timken precision taper-roller bearings, and 
all other shafts run on roller bearings. The 
driving clutches are of the multi-disc type, and a 
range of 16 spindle speeds from 8 r.p.m. to 408 
r.p.m. is provided. The gearing, of nickel-chrome 
steel, is accurately ground and tested. The tail- 
stock can be set over for taper turning, and a 
taper-turning attachment to the saddle can be 
supplied. The lead screw—which is used only for 
screw cutting, a feed shaft driving the saddle for 





turning—is driven through a quick-change gearbox 
which provides a range of 60 pitches, from 1 to 56 
threads per inch. Metric and other pitches are 
obtained by means of change wheels. 

The saddle of the Holbrook lathe has been fitted 
with a Turchan hydraulic tracer attachment. The 
Holbrook Machine Tool Company arranged with 
the American makers of the equipment for the 
ordinary cross slide, in addition to the 45-deg. slide, 
to be controlled hydraulically, which is a refine- 
ment on the normal equipment. By this means, 
an object with shallow longitudinal flutes, grooves, 
etc., can be copied, as well as one with shoulders. 
Considering the case of a non-fluted object, circular 
in cross-section, but with shoulders, flanges, etc., 
the object itself, or a template of its cross-section on 
a longitudinal axis, is fixed between special centres, 
or by other means, at the back of the lathe. A 
stylus is caused to follow the object or template, 
and its movement due to changes in section causes 4 
corresponding movement of the turning tool, so that 
the object is copied. The saddle moves continuously 
along the bed, and when the stylus meets a shoulder 
it causes the tool post to move outwards on a top 
slide constructed at 45 deg. to the axis of the 
lathe, as shown in Fig. 5. The resultant of the two 
movements of the tool. post—longitudinal and st 
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Fie. 5. Turcuan Hypravric Copyine 
Hoxtsrook Macutne Toot Company, Limirep. 





45 deg.—is at right-angles to the axis of the lathe, 
and this produces a shoulder on the work. The 
45-deg. slide will, of course, move whenever the 
stylus meets a change in section. The hydraulically- 
controlled 90-deg. slide is used when an object 


arbox having shallow flutes to be copied is held in a chuck 
to 56 at the back of the lathe and driven at the spindle 
S are speed by gearing. The two slides are never operated 
simultaneously, but one or other is selected by 
fitted means of a small lever controlling the oil supply. 
The Each slide is controlled by a cylinder and piston, 
with to which oil under pressure is supplied by a pump. 
: the The flow of oil to the piston is regulated by a valve 
slide, controlled by the stylus. When using the 90-deg. 
ofine- slide for turning an object with longitudinal flutes, 
eans, it is obvious that the tool must reciprocate to and 
oves, from the work. The maximum rate of reciprocation 
ders. in response to that of the stylus depends on the 
cular characteristics of the hydraulic mechanism, and is 
etc., approximately 90 in. to 100 in. per minute. It 
m on is thus possible to calculate the maximum per- 
tres, missible spindle speed from the number of flutes 
a per revolution of the work and the depth of the 
late, flutes. When using the 45-deg. slide, however, the 
3es 8 spindle speed is not restricted and is chosen to suit 
that the material being turned. 
usly _ To give descriptions of all the machines exhibited 
lder by Messrs. Alfred Herbert, Limited, Coventry, 
top would require almost as much space as we can devote 
the to the Exhibition. Some are of their own manufac- 
two ture, but many come from other British firms and 
{at from the United States and Switzerland. A wide 

















ATTACHMENT FitrEeD TO CENTRE LATHE; 


range of Herbert capstan, turret, centre and auto- 
matic Jathes is being shown, but it is only possible to 
deccribe and illustrate two of these machines in this 
issue j a hexagon turret lathe and an automatic 
lathe. Descriptions of some other machines made by 
Messrs. Alfred Herbert, Limited, or for which 
they are agents, will be found elsewhere in this issue 
or in subsequent issues of ENGINEERING. The No. 2 
hexagon turret lathe, which is illustrated in Fig. 6, 
on page 196, will admit bars up to 2 in. diameter, 
and is suitable for turning with cemented-carbide 
tools and for screwing high-tensile steel. The 
maximum length that can be turned is 30-in. The 
main guide ways on the bed are of asymmetric 
inverted-V section, and, in common with most 
other Herbert lathes, are hardened by the firm’s 
Flamard process to a Brinell hardness of 478 to 555. 
The ways are protected by covers attached to the 
headstock side of the turret slide and by felt wipers 
on the other side. The motor and electrical equip- 
ment are built into the lathe, and can be provided 
to suit any 50-cycle two- or three-phase supply at 
between 200 and 550 volts. 

The main motor operates at either of two speeds : 
at 2,800 r.p.m., developing 7} h.p., for turning ; 
and at 720 r.p.m., developing 2 h.p., for screwing. 
By means of a dial-change mechanism, the sliding 
gears in the headstock are controlled, and in each 
of the four positions of the dial change, either the 
fast or slow speed can be obtained at the spindle 
by moving a vertical lever above the dial. There 





are thus eight speeds, in forward or reverse, which 











range from 80 r.p.m. to 1,520 r.p.m. Further- 
more, the speed of the motor can be changed by 
means of a switch on the headstock to give four 
screwing speeds ranging from 20 r.p.m. to 71 r.p.m. 
The start-stop lever, which is on top of the head- 
stock, is interlocked with the change-speed dial so 
that a speed cannot be selected until the spindle has 
stopped, and the spindle cannot be started until 
the gears are fully in mesh. When the starting 
lever is in the neutral position, a self-adjusting 
multi-disc brake is applied automatically. All 
shafts are mounted on ball bearings, and the gears 
are of alloy steel, hardened and ground. Lubri- 
cating oil is pumped to all parts of the headstock, 
and is passed through a magnetic filter and a 
gauze filter. A double-toggle chuck is mounted on 
the headstock spindle, and the tube for supporting 
the bar at the outer end of the lathe is lined with 
wood to reduce noise. A range of six reversible 
feeds, from 20 cuts to 240 cuts per inch, is controlled 
by dial-change mechanism. The longitudinal move- 
ment of the turret is arrested by one of six stops— 
one for each face of the turret—which are placed in 
position automatically whenever the turret is 
rotated. The usual tools and dieheads are provided 
for the turret, 

Herbert automatic lathes have been developed 
over a period of many years, and at the exhibition 
the firm are showing the Auto Junior, the No. 3A 
automatic, and the No. 5A heavy-duty automatic, 
which is illustrated in Fig. 7, on page 196. This auto- 
matic chucking machine will swing 25-in. diameter 
work over the bed, 19} in. over the cross slides when 
they are at their outer positions, or 11 in. when the 
full stroke of the cross-slide is used. The bed is 
hardened by the Flamard process, and the ways 
extend over the whole length, so that the headstock 
is supported by the ways and can be moved up to 9 in. 
along the bed to accommodate different lengths of 
work. The driving box is mounted at the back of the 
bed at the left-hand end of the machine, and is 


‘driven by a 25-h.p. flanged motor of the totally- 


enclosed fan-cooled type. Four spindle speeds, 
between 13 r.p.m. and 417 r.p.m., can be obtained 
with each setting of the lathe. They are changed 
automatically during the cycle of operations (in the 
course of a cut, if required), and by means of slip 
wheels a wide choice of spindle speeds is obtained. 
The spindle can be stopped automatically between 
cuts by a self-adjusting multi-disc brake. It runs 
on. parallel-roller bearings, with two opposed ball 
bearings to take the thrust and part of the journal 
load ; it is bored with a 4}-in. diameter hole. 

The turret slide has very long guides, as will 
be seen from Fig. 7, and is automatically clamped 
after éach indexing of the turret. The indexing is 
effected by a modified Geneva movement running in 
an oil bath. The front and back cross-slides are 
independently mounted and controlled, and the 
length of stroke of each slide is adjusted by means 
of a square-head screw with a micrometer dial. The 
feed box, mounted on the back of the bed, provides 
two groups of seven feeds each: a range of fine 
feeds from 24 cuts to 305 cuts per inch, and a range 
of coarse feeds from 13 cuts to 165 cuts per inch. 
By means of a self-selecting feed motion any one 
of the seven feeds in the selected group can be 
obtained automatically at any time during the 
cycle. The change from one group of feeds to the 
other is effected by a lever. There are two drums for 
controlling the cycle: one at the left-hand end of 
the lathe to control the spindle-speed changes and 
the spindle stop; and another at the right-hand 
end to ‘control the feed changes, and the changes 
from fast to slow motion and vice versa. The left- 
hand drum also carries dogs to switch off the 
coolant pump and switch on an indicator lamp at 
the end of the cycle. Various handwheels and 
levers for speed and feed changes, inching the 
spindle, engaging the feed, etc., are provided for 
setting-up purposes. The lathe is supplied with 
either an 18-in. air-operated chuck, or an 18-in. 
Coventry chuck. 

The horizontal drilling, boring and tapping 
machine illustrated in Fig. 8, on page 197, is one of 
a number of boring machines which are being exhi- 
bited by Messrs. Kitchen and Wade, Limited, 
Arundel-street, Gibbet-street, Halifax. The model 
shown is made in several sizes, designated by the 
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least diameter of the spindle, ie., 1} in., 2 in., 
24 in. and 4 in.; and there is a similar machine 
built for locomotive-boiler drilling. The machine is 
shown without a work-table, because the require- 
ments of customers differ in this respect. The 
illustration also shows a machine in which the 
spindle is directed to the left, but machines of the 
opposite hand are also built. The standard 2}-in. 
spindle machine provides a vertical movement of the 
saddle of 5 ft., a horizontal traverse of the column 
on the bed of 8 ft., and a spindle traverse or length 
of feed of 2 ft. 6 in. There are 36 spindle feeds, 
from 8} r.p.m. to 800 r.p.m.; and eight rates of 
feed, from 36 cuts to 150 cuts per inch. The 
machine will drill a hole 34 in. in diameter in cast 
iron, or 3 in. in diameter in mild steel; it will 
bore up to 24 in. in diameter, and tap a 2}-in. 
Whitworth thread in mild steel. Although the 
machine is not intended primarily for milling, a 
separate 3-h.p. motor and the necessary fittings 
can be provided to give three milling feeds, ranging 
from } in. to 3 in. per minute, in both the vertical 
and horizontal directions. This is useful for lightly 
milling the faces of work-pieces on which the 
principal work is drilling, boring and tapping. 

The spindle is supported throughout its 30-in. 
traverse by a hard-steel sleeve on which the feed 
rack is cut. It is provided with fine and quick hand 
adjustments, the latter being by means of a star 
lever, a slight forward push on which engages the 
power feed. An automatic trip for controlling the 
depth of drilling is provided, and the end of the 
spindle is usually bored No. 5 Morse taper. The 
saddle is a strong box casting with an adequate 
length of bearing on the column. The main drive 
is provided by a 7}-h.p. built-in motor, and all 
controls are convenient to the operator’s platform. 
The driving gears are of nickel-chrome steel mounted 
on ball bearings, and lubricated by means of an oil 
pump. In addition to the feeds, quick power 
traverse, engaged by push buttons and aetuated by 
a 3-h.p. motor, is provided in all directions. The 
main column is a box casting, bolted and dowelled 
to a large sliding base, and housing the saddle 
balance weight. The width across the bed guide- 
ways is 3 ft. 3 in., and the weight of the machine 
without work-table is about 8 tons. All motors 
run at about 1,500 r.p.m. 

The other Kitchen and Wade exhibit, which we 
illustrate in Fig. 9, opposite, is the V 17 single- 
spindle cylinder-boring machine, which uses a 
single-point tungsten-carbide tool for boring any 
cylinder-block from a light-car to a motor-lorry 
type. Its capacity is from 2} in. to 6 in. diameter, 
and 14 in. in length. For this purpose, four spindle 
“snouts” of various lengths, with micrometer 
adjustment, are provided. The machine is intended 
mainly for re-boring worn eylinder blocks and 
for the finish boring of new blocks; the firm also 
build honing machines for use in conjunction 
with the boring machine. The sliding head of the 
boring machine contains the speed, feed and con- 
trolling mechanisms. The main drive is taken from 
@ constant-speed 2-h.p. motor running at 1,500 
r.p.m. A nine-speed gearbox, with nickel-chrome 
gears, provides spindle speeds of from 130 r.p.m. 
to 1,450 r.p.m., and a cascade system of lubrication 
is fed by a built-in oil pump. Gear-change levers are 
mounted in a convenient position on the left-hand 
side of the head, and the main internal spindle is 
flanged at its lower end to receive the spindle 
“snout.” Four feeds, } in., } in., 1 in. and 2} in. 
per minute, can be obtained at any spindle speed 
through sliding gears mounted on splined shafts, 
the change-feed lever being mounted on the right- 
hand side. The final drive to the feed is through a 
worm and wheel. An automatic trip for the spindle 
motions can be used in two ways: either to stop 
the feed and leave the spindle rotating, as is required 
for recessing the end of the bore, especially in a 
blind hole ; or to stop both the feed and rotation, 
thus enabling the operator to withdraw the head 
without scoring the bore. The “snouts” consist 
of a spindle (driven by the internal spindle of the 
machine), running in precision taper-roller bearings 
in a non-rotating sleeve. With this design, the 
cutter head is well supported to resist the boring 
stresses and maintain the accuracy of boring. 
Dust is excluded by seals and by a small fan. The 
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standard table is 42 in. by 20 in. It is mounted on 
compound slides giving a 36-in. cross traverse and 
an 8-in. traverse to and from the column. Six 
adjustable dogs are fitted to a T-slot at the front 
edge of the table to facilitate repetition boring. 
The machine shown in Fig. 9 was equipped with a 
special table, 48 in. by 224 in., to meet the require- 
ments of the War Office. It can be pivoted slightly 
about a vertical axis by means of a screw at the 
left-hand side. This is useful for the final alignment 
of the block after it has been bolted down. The 
cross-traverse of this table is 42 in. The standard 
machine weighs approximately 3 tons 4 cwt. 
Messrs. William Asquith, Limited, Highroad 
Well Works, Halifax, are exhibiting a number of 
drilling, boring, tapping, facing and milling ma- 
chines of the horizontal, vertical and radial types. 
They are also showing a machine for preparing 
cotter-ways and key seats; a gear-hobbing 
machine ; and a tungsten-carbide cutting machine. 
The latter is described on page 203. The “ H. F. B.” 
horizontal drilling, boring, facing and milling 
machine is illustrated in Fig. 10, on page 198. It 
will drill holes from the solid up to 4 in. in diameter 
in steel, and will bore up to 3 ft. in diameter, face 
up to 4 ft. 6 in. in diameter, and accommodate 
milling cutters up to 1 ft. in diameter. The main 
part of the spindle slide or head is a substantial 
box casting which carries an outer support and feed 
gear for the spindle. The slide is balanced by a 
weight suspended inside the column, the pulleys 
at the top being enclosed, and the weight pre- 
vented from swinging when the column is traversed 
rapidly on the bed. There are separate motors for 
the principal movement, i.e., the main driving 
motor, 15 h.p. at 1,430 r.p.m.; the column- 
traversing motor, 10 h.p. at 1,420 r.p.m.; the 














Fie. 7. Heavy-Duty Automatic LatHe; Messrs. ALFRED HeERsert, LimiTep. 


slide-traversing motor, 5 h.p. at 1,440 r.p.m.; and 
the spindle-traversing motor, 3 h.p. at 1,440 r.p.m. 

The bed is a heavy ribbed casting, 16 ft. 6 in. 
long, 5 ft. 3 in. wide across the ways, and 1 ft. 7 in. 
deep. The ways are broad, and the column is 
traversed by means of a rack and pinion, the 
independent motor, housed in the slide, providing 
a quick traverse and a range of 12 milling feeds 
from 1 in. to 12 in. per minute. The column can 
traverse 8 ft. 6 in. along the bed, and when in 
motion, but only then, is automatically lubricated 
by a pump. The spindle, which is 6 in. in diameter 
at the driving part, is carried in a long barrel, 
which runs in a conical bearing and embodies a 
faceplate, 3 ft. 14 in. in diameter. The barrel may 
be moved axially for 2} in., to facilitate adjustment 
of the depth of cut when a milling cutter is mounted 
on the faceplate. This adjustment is effected by 
means of a conveniently placed handwheel, and the 
barrel is then locked in position. The spindle 
derives its feed from a large screw in the back feed 
bracket. There are 24 feeds ranging from 0-0026 in. 
to 0-5 in. per revolution, and there are 24 spindle 
speeds, from 3 r.p.m. to 183 r.p.m. A self-acting 
radial feed to the surfacing slide is derived through 
a nut and screw from a differential motion which 
is driven from the faceplate through a separate 
gearbox. Another differential motion allows the 
surfacing slide to be adjusted radially by hand, 
while the self-acting feed is engaged. The surfacing 
feed can be used while boring is in progress. An 
oil pump incorporated in the slide provides pressure 
lubrication for the front bearing and the spindle 
barrel, and cascade oiling of all internal parts 
of the slide. Several accessories can be supplied 
for the machine, and the main dimensions, such 
as the length of the bed, the vertical traverse, etc., 
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can be made non-standard if required. The 
machine weighs approximately 40 tons, exclusive of 
certain electrical equipment. 

The other Asquith tool we propose to describe 
is the No. 2 type radial drilling machine illustrated 
in Fig. 11, on page 198, which is made with two 
sizes of arm, 3 ft. 6 in. and 4 ft. 6 in., representing 
the approximate maximum distance between the 
centres of the pillar and the spindle. In both cases 
the pillar is 11 in. in diameter. The drilling capacity 
of the machines is a 2-in. hole in mild steel, or a 
3-in. hole in cast iron; holes can be tapped up to 
l-in. Whitworth. Alternative speed ranges are 
available, either from 70 r.p.m. to 3,500 r.p.m., or 
from 35 r.p.m. to 1,750 r.p.m., the speeds being 
infinitely variable between these limits. There are 
six spindle feeds, from 0-004 in. to 0-04 in. per 
revolution, and the spindle will traverse 1 ft. 
vertically. The vertical adjustment of the arm is 
2 ft. 4 in., and the maximum height of the spindle 
nose above the baseplate is 4 ft. 6 in. 

The range of spindle speeds is divided into six 
groups, any one of which can be engaged by the 
Operation of a single lever. While the gear change 
is taking place the main driving motor is auto- 
matically cut out, and starts again when the change 
is complete. Within each speed group the speed is 
varied by means of a lever, and the exact speed is 
shown by a needle indicator. The required feed is 
obtained by means of a small handwheel on the 
left of the slide. The power feed is finally engaged 
by operating levers mounted on a rack shaft ; these 
levers are also used for quick hand traverse of the 
spindle when the power feed is disengaged. A dial, 





graduated in % in., can be set to disengage the feed 
at any point in the 12-in. travel of the spindle, and, 
in any case, the spindle feed is automatically 
tripped at the extremes. There is also a handwheel 
for operating a fine hand feed. The spindle runs 
in ball and roller bearings, and is bored No. 4 Morse 
taper. A single lever controls the start, stop and 
reverse of the spindle and the raising and lowering 
of the arm. The various directions in which the 
lever can be moved correspond to the actions ; thus, 
a movement up or down causes the arm to be 
elevated or lowered, and a movement to the left or 
right causes the spindle to rotate forward or in 
reverse, respectively. All controls have been 
grouped conveniently around the lower part of the 
spindle slide. 

A mechanical lock is applied to the slide on the 
arm, and a power lock to the arm on the pillar. 
By two simple controls, several alternative com- 
binations of the locked and unlocked states of the 
arm (radial or elevating) and the slide are available. 
The arm is elevated by a separate motor, mounted 
at the back, which drives a worm and worm- 
wheel, the worm-wheel being threaded internally to 
receive the fixed elevating screw. The slide runs 
on rollers on the top surface of the arm, and is 
traversed by a rack and pinion. The arm is sup- 
ported on the pillar by a ball and roller mounting. 
The remaining principal dimensions of the machine 
are: working surface of the baseplate, 3 ft. or 4 ft. 
(according to the length of the arm) by 2 ft. 6 in. ; 
overall dimensions of the baseplate, 6 ft. or 7 ft. 
by 2 ft. 7 in.; and approximate weight, including 
electrical equipment, 41 cwt. 
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Messrs. H. W. Kearns and Company, Limited, 
Broadheath, near Manchester, are showing a number 
of horizontal boring machines of various sizes, 
including a No. 0 size tool-room machine, and a No. 0 
size horizontal boring, milling, drilling and tapping 
machine, which we illustrate in Fig. 12, on page 198. 
It is a fairly small machine suitable for a variety of 
work, particularly for cast iron and light metals. 
There are three standard specifications, designated 
0a, 0B and Oc, which provide for different sizes, 
namely, a 2}-in., 2}-in., and 3-in. spindle, with a 
traverse of 18 in., 24 in., or 30 in., respectively. The 
height of the machine and the length of the bed also 
vary. In each case, however, there are 16 spindle 
speeds, from 10 to 400 r.p.m., and a total of 16 feeds 
to all motions, comprising a range of eight feeds 
from 8 to 96 cuts per inch, and another range of 
eight feeds from 0-8 to 9-6 in. per minute. The 0a 
and 0B machines are driven by a 5-h.p. motor, and 
the 0c machine by a 6-h.p. motor. These particu- 
lars apply to the standard machines, but a number 
of modifications to the speeds, feeds and dimensions 
can be arranged. 

The spindle slide is a ribbed box-section casting, 
balanced by a weight hanging in the upright. 
The spindle is carried in a steel sleeve which rotates 
in precision ball and roller bearings, and the flange 
of the sleeve will take large milling cutters: The 
sleeve and spindle rotate together, but only the 
spindle slides. The upright, of close-grained iron, 
is secured to the bed by large studs and nuts, and 
is located by a ledge at the back of the bed. The 
spindle-slide can be locked to the upright. The 
bed is a box-section casting with a series of diagonal 
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ribs. The ways are chilled during manufacture and 
are protected by cast-iron covers. A compound 
table which is fitted to the machine consists of a 
sliding table with a cross traverse, surmounted by 
. a rotatable square table. It is fitted with automatic 
limit trips, as is also the spindle slide. A boring-bar 
stay is fitted-to the bed, and carries a bearing which 
is adjusted vertically by a screw; it is hinged in 
two halves to facilitate insertion of the bar. The 
machine can be provided with a single pulley for 
belt drive, or it can be driven by built-in motors, 
or by an externally-mounted motor through V-belts. 
With built-in motors, the range of spindle speeds 
can be raised to 25 to 1,000 r.p.m. In addition to 
the automatic feeds, to which reference has already 
been made, rapid power traverse is provided for 
the vertical motion of the spindle slide and the longi- 
tudinal and transverse motions of the table. The 
spindle-slide mechanisms are lubricated by an 
immersed pump ; other gearboxes run in oil, and a 
one-shot system supplies oil to the traverse screws 
and the sliding surfaces of the table. The net weights 
of the three sizes of machine are: 0a, 68 cwt.; 
Os, 74 cwt.; and Oc, 82 cwt. 

Among the exhibits of the Coventry Gauge and 
Tool Company, Limited, Coventry, are three new 
machines: an  optically-controlled jig-boring 
machine, a gear grinder and a thread miller. The 
Matrix No. 50 optical jig-boring machine, which 
is shown in Fig. 13, opposite, has been designed 
with a single column to support the head, because 
it was considered that, with this arrangement, 
large and irregular work-pieces could overlap 
the table and yet be accommodated, that the 
principal working parts could be totally enclosed, 
and that all controls could be arranged in the front 
of the machine conveniently placed for the operator. 
By making the column exceptionally substantial, all 
possibility of distortion has been eliminated. The 
optical system has been designed and made by 
Messrs. Hilger and Watts, Limited, 98, St. Pancras 
Way, Camden-road, London, N.W.1, and it enables 
the longitudinal and transverse movements of the 
table to be measured to within 0-0001 in. 

By adopting an optical method of setting the 
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table the disadvantages associated with leadscrew 
end-bar types of jig borers have been eliminated. 
The scales are of special glass having a high coeffi- 
cient of expansion about equal to that of steel. 
Although, for very accurate work, it is advisable to 
maintain the machine at the standard temperature 
of 68 deg. F., it is not essential provided that the 
machine and the work are at the same constant 
temperature while machining ferrous metals. The 
castings forming the machine frame are of seasoned 
cast-iron, and are designed with substantial webs 
so that heavy boring and milling can be undertaken. 
The spindle head, which can be located rapidly by 
power, houses a large-diameter quill and spindle, 





and its centre-line is 274 in. from the face of the 
column. The spindle is mounted on precision ball 
bearings and the nose is provided with internal and 
external tapers. It is driven by a hydraulic motor, 
either directly or through back gears. The direct 
drive provides step-less variable speeds from 200 to 
2,000 r.p.m., for fine and high-speed boring using 
cemented-carbide or diamond-tipped tools. The 
backgear drive is for fine milling at any speed 
from 40 to 400 r.p.m. The travel of the quill is 
measured accurately by means of slip gauges used 
in conjunction with a built-in dial indicator. 

The worktable, which measures 3 ft, by 2 ft., is 
mounted on compound slides operated by hand or by 
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power, the feed for milling being infinitely variable 
between 0-65 and 5-84 in. per minute. The table is 
traversed by means of a reversible motor driving 
through a type of infinitely-variable drive developed 
by Messrs. E. H. Jones (Machine Tools), Limited, 
in which the drive between two parallel shafts is 
transmitted by a ring which encircles them and 
makes frictional contact with a pair of cones (one 
fixed and ene sliding) mounted on each shaft. The 
several motions of the table are selected by moving 
a single lever in a gate, and two knobs on the 
front apron control the feed for milling and the 
speed of the spindle. A wheel is provided in a 
convenient position for moving the table by hand, 
either for feeding or for final setting. The longi- 
tudinal and transverse movements of the table, 
which are 36 in. and 24 in., respectively, are 
measured by obsérving the illuminated glass scales 
through two optical systems, each of which consists 
of a magnifying combination of lenses projecting 
the image of the scale on to a glass screen, which 
incorporates an optical vernier reading to 0-0001 in. 
There are also external scales on both slides for 
approximate setting, and locking devices which 
are designed not to affect the setting. The table 
incorporates a deep channel around its edges 
for collecting the coolant, which is returned to a 
tank, and by using a continuous flow of coolant 
inaccuracies due to local overheating are avoided. 
There are no motors or mechanism below the table 
to generate heat or affect the accuracy of the 
machine. The main driving unit, including the 
driving motors for the spindle and the feeds, is 
housed at the rear of the column. The complete 
unit is separate from the main casting, and the trans- 
mission of heat or vibration is eliminated. The 
Temaining principal dimensions of the jig borer are : 
maximum drilling capacity, 14 in. diameter ; 
maximum boring capacity, 9 in. diameter; ver- 
tical travel of boring head, 16 in. ; travel of spindle, 
8in.; and approximate weight, 7 tons. 

The Butler Machine Tool Company, Limited, 








Mile Thorn, Halifax, are exhibiting a number of 
planing machines, slotting machines and shaping 
machines, examples of which are described below. 
The Butler 12 ft. by 4 ft. by 4 ft. “‘ Spiral-Electric ” 
planer is illustrated in Fig. 14, on page 200. The 
whole range of this type of planer is being redesigned 
by the firm, and the 12 ft. by 4 ft. by 4 ft. model is 
the first to be completed. The well-proved design 
of spiral drive to the table has been retained ; it 
consists of a worm-and-wheel speed-reduction unit. 
The worm is cut solid with the shaft and the teeth 
are hardened and ground, while the worm-wheel, 
mounted at 45 deg. to the worm, has hollow-cut 
teeth giving line contact with the worm. A table- 
operating worm, of steel, is secured to its driving 
shaft by solid keys, and double thrust bearings 
are fitted to both worm shafts. The table rack has 
straight teeth and is made of high-density cast iron. 
The table measures 12 ft. by 3 ft. 9 in., and runs on 
two V-ways in the bed, which is 24 ft. long and 33 in. 
between the V-way centres. Power is provided by 
a 45-h.p. Ward-Leonard equipment which gives 
cutting speeds of from 20 ft. to 200 ft. per minute, 
and return speeds of from 75 ft. to 220 ft. per 
minute. These may be varied independently. 
The width of the front bearing surfaces on the 
uprights has been increased, the cross-slide elevating 
screw and the side tool-box feed screw being 
mounted side by side. The cross slide is locked 
to the uprights by an electric motor which operates 
steel clamps through tension screws. 

The cross-slide and side tool-boxes are similar, 
and of a new design which incorporates twin V- 
slides. The design is thus rather like that of the 
main bed ways (Fig. 14), but, in addition, there is a 
long strip to hold one part of each slide into the 
other. With this design, the makers state that a 
straight-line travel of the tool-box is assured, there 


grind the strip seating and its bearing on the moving 
slide. The clapper boxes can be swivelled through 
360 deg., and the tools are lifted on the return stroke 
by a solenoid device, the amount of lift being 
adjustable. Automatic horizontal and vertical 
feeds are provided for the cross-slide tool-boxes 
and the side tool-boxes, and the latter can be used 
below the level of the table. Micrometer collars 
are fitted to all feed screws. A Butler feed and 
power-traverse unit, which is secured to the front 
upright of the machine, incorporates a number of 
controls. There are 14 feeds, from x in. to } in. 
per stroke, which can be selected while the table is 
running or at rest. The feed in either direction is 
applied by an electrical control, which, in conjunc- 
tion with the mechanical reverse motions, enables 
the tool-boxes to be fed in any direction. The 
cross-slide is elevated by a flange-mounted motor 
at the top of the rear upright. The feed and power- 
traverse unit also incorporates the cutting- and 
return-stroke speed controllers; an electric tacho- 
meter which indicates the speed; a cross-slide 
locking switch with “ tell-tale ” lights ; the tool-box 
solenoid switches ; an oil gauge; etc. 

The table and power traverse are controlled from 
a pendent switch box with “stop,” “start,” “‘ inch 
forward,” and “inch return” for the table; and 
“forward ” and “reverse” for the power traverse. 
The spiral reduction gearbox, the table worm and 
table slides are lubricated from a motor-driven 
pump in the bed, which starts up with the generator 
set, thus ensuring an oil supply before the table is 
moved. The cross-slide elevating-worm box and 
the side tool-box bevel-wheel feed boxes run in 
oil. A single one-shot pump is used for the cross- 
slide, and the tool-boxes are lubricated by an oil 


gun. 

The second Butler planer which we propose to 
describe is illustrated in Fig. 15, on page 200, and is a 
6 ft. by 2 ft. 6 in. by 2 ft. 6 in. open-side machine 
actuated hydraulically. It has been designed to fill 
the gap which exists between the 36-in. open-side 
crank planer and the smallest size of Butler “ Spiral- 
Electric” planer. A 15-h.p. flange-mounted motor 
secured to the base of the column, drives two 
constant-delivery pumps, which are mounted inside 
the column and draw oil from a sump in the bed. 
One pump operates the table movement and the 
other operates the feed motion and lifts the tools 
for the return stroke. A control panel fitted to the 
front of the bed is provided with a calibrated dial for 
selecting the cutting speed, which is infinitely 
variable in two ranges: 0 to 64 ft. per minute and 
0 to 120 ft. per minute. The ratio of the return- 
stroke speed to the cutting speed is 2-125:1 on 
the low-speed range, and 1-125:1 on the high- 
speed range. There are three pilot valves for 
controlling the stroke of the table (which is set by 
dogs in a T-slot); the high or low cutting-speed 
range; and the starting and stopping of the table. 
The table, the working surface of which measures 
6 ft. by 2 ft. 3 in., runs on V-ways and is lubricated 
from the feed pump. Its maximum stroke is 6 ft. 

The cross-slide carries one tool-box with a main 
swivel slide for angular planing and a clapper box 
which can be swivelled to any angle. The side 
tool-box is of similar construction. The maximum 
reach of the cross-slide tool from the face of the 
column is 2 ft. 7 in., and work up to 2 ft. 6 in. in 
depth can be admitted. The vertical feed of the 
cross-slide tool-box is 7 in. The maximum reach of 
the side tool-box above the table is 2 ft. 3 in., and 
the horizontal adjustment is 7 in. There are ten 
rates of feed, from 0-02 in. to 0-20 in. per stroke. 
The feed motion is contained in the top of the 
column, and is connected to the cross-slide and 
side tool-box by a vertical splined shaft. A feed 
ratchet is operated by a constant-travel hydraulic 
piston, and its effective movement is controlled 
mechanically from a handwheel on the column, the 
amount of feed being indicated on a dial. Auto- 
matic hydraulic tool-lifters are fitted to both the 
cross-slide and side toolboxes. 

The 8-in. stroke precision tool-room slotter made 
by the Butler Machine Tool Company is illustrated 


is no awkward fitting of narrow V-ways, and | in Fig. 16, on page 201. Like the firm’s 4-in. and 


unreliable adjusting strips are eliminated. The 
four V-ways to each slide are ground independently, 
and the two components are then assembled to 


12-in. stroke slotters, it is guaranteed to a maximum 
error of 0:0005 in. for the ram alignment and the 
traversing motions of the table. A 3-h.p. constant- 
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speed motor is mounted inside the base and drives , 


a dry-plate clutch and a four-speed gearbox through 
V-belts, the gears being of heat-treated nickel- 
chrome steel. A helical stroke-wheel is fitted with 
a new design of driving block which envelopes a 
V-slide and provides a large-diameter driving pin. 
The slotted link incorporates the ram balance 
weight. The gear-change and clutch-control levers 
are mounted on the front of the body. The four 
speeds give 40, 54, 75 and 105 cycles per minute. 
The ram can be tilted forward up to a maximum of 


5 deg., and is located vertically against a dead | 


stop. It carries a steel tool-box which can be 
swivelled through 360 deg., and a relieving motion 
is incorporated which will operate with the tool in 
either the vertical or horizontal positions. The 
stroke can be changed while the ram is in motion 
or at rest, the length being indicated on a dial, 
and the vertical position of the ram can be adjusted 
over a range of 10 in. The maximum height of 
the ram above the table is 16 in., and the horizontal 
distance of the ram face from the frame of the 
machine is 19 in. The feed is selected from a 
slotted disc, and is engaged or reversed from the 
front of the machine, the direction of feed being 
selected by means of clutch levers on the traversing 
screws. A circular table, 1 ft. 8 in. in diameter, is 
provided with a dividing mechanism with 12 divi- 
sions, a plunger built into the front of the square 
slide engaging the table at each position. The feed 
worm on the table can be disengaged to facilitate 
hand operation. Micrometer collars, which are 
fitted to all feed motions, are provided with release- 
and-lock devices operated by knurled knobs concen- 
tric with the handwheels. The traverse of the table 
in both directions is 20 in. The machine is lubricated 
by means of a gear pump for the drive and ram 
slides, and by nipples for the feed motion and table 
slides. 

The Butler shaper, forming part of the exhibit, 
is illustrated in Fig. 23, on Plate I, which accom- 
panies this issue. It-is an 18-in. stroke hydraulic 
machine. The makers state that it has been designed 
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Fig. 15. 


after experimenting with this form of drive for 
several years, and is considered to be the most 
up-to-date machine of its type. The hydraulic 
drive is inevitably more expensive than a geared 
drive, but it has the advantages of simplicity of 
control, a stepless speed control, a fast return speed 
when the cutting speed is slow, and protection 
against damage due to fouling. A 7}-h.p. constant- 
speed motor, flange-mounted to the back of the 
machine, drives two constant-delivery pumps, 


one for the ram drive and one for the feed. There 
are two ranges of ram speed: from 0 to 70 ft. per 














BuTLeR Macutne Toot Company, Limirep. 


minute, and from 0 to 130 ft. per minute. The 
range is selected by a finger-light lever which 
operates the main valve through a pilot valve. The 
ram speed is controlled from a calibrated dial, 
and the ratio of the return speed to the cutting speed 
is 2-125: 1 for the low range, and 1-125: 1 for the 
high range. The ram is also started and stopped by 
means of a lightly-operated pilot valve, and the 
length of stroke is controlled by adjustable dogs 
fixed to one side of the ram. The bearing is in the 
form of an inverted V-slide, 34} in. long by 9} in. 
wide, lubricated from the hydraulic feed pump. 
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A new design of saddle and apron slide, the main 
features of which will be apparent from Fig. 23, 
has obviated the necessity for a table suppcrt, and 
the table is larger than is normally fitted to this size 
of machine. Its upper surface measures 18 in. by 
17} in., and the area available at the sides is 15 in. 
iong by 17 in. deep. The horizontal travel of the 
table is 20 in., and the vertical travel 12 in. The 
maximum depth from the toolbox to the top of the 








table is 144 in., A hydraulic piston operates the 
feed ratchet, the effective movement being controlled 
from a calibrated dial on the saddle. The feed can 
be applied to the table either horizontally or vertic- 
ally, and micrometer collars are fitted to all feed 
screws. There are ten rates of feed, from 0-01 in. 
to 0-10 in. ‘per stroke. 

Visitors to the exhibition cannot fail to be 
impressed by the great variety of milling machines 


shown. We can describe only a few representative 
examples and some of the special-p e machines ; 
we commence with one of the latter type. The 
Matrix No. 51 thread-milling machine exhibited by 
the Coventry Gauge and Tool Company, Limited, is 
illustrated in Fig. 17, on this page. It has been 
designed for milling internal and external threads of 
dies for plastic components, and will accommodate 
work up to 24 in. in diameter in the gap, with a 
length of 5 in., or up to 18 in. in diameter over 
the bed. The maximum length of thread that 
can be milled is 3 in., but work up to 18 in. in length 
can be admitted. It will be appreciated that 
plastic dies must allow for the shrinkage of the 
plastic, which is often about 0-008 in. per inch, 
and that the threads in a die therefore will not be 
standard. Furthermore, the finished threads in a 
plastic component are often of special shape and 
size, and the machine must be capable of milling 
threads to precise lengths, often in blind holes ; 
right-hand, left-hand and taper threads terminating 
close to a shoulder; and in all cases the surface 
finish of the die must be of a high standard. The 
principle of operation of the machine will be appre- 
ciated by referring to Fig. 17. The die to be 
threaded is held in a chuck or on a faceplate and 
revolves slowly, while a small milling cutter having 
a single circular row of teeth is simultaneously 
rotated at a comparatively high speed and traversed 
longitudinally on the “ front ” side of the work, i.e., 
the side nearest the operator. 

The cutter head of the thread-milling machine is 
mounted on a saddle which is traversed along two 
flat ways on the bed. The leadscrew is below the 
saddle within the bed, and vertically below the 
workhead spindle. It is driven by a short train of 
gears from the workhead spindle. Thus, the pitch 
of the leadscrew and the ratio of the gearing deter- 
mine the pitch of the thread milled. The cutter 
is driven by a }-h.p. reversible motor embodied 
in the cutter head, and the drive is through V-belts 
and a splined shaft with universal joints. The 
motor runs at 1,400 r.p.m., and the speed of the 
cutter may be varied between 87 and 523 r.p.m. 
The splined shaft and universal joints allow the 
cutter head to be set at an angle to the horizontal of 
up to 15 deg. either way, to conform with the helix 
angle of the thread being milled. An independent 
lubrication system is incorporated in the cutter 
head. The maximum diameter of cutter that can 
be used is 3 in.; the maximum diameter of thread 
(external or internal) that can be cut is 6 in.; and 
the minimum diameter of an internal thread is } in. 

The feed of the cutter into the work in controlled 
by a screw rotated in a nut by a handwheel on the 
front of the saddle. The cutter may be engaged or 
disengaged quickly by means of a throw-out lever 
situated below the handwheel. As a safeguard, an 
interlocking system is incorporated to ensure that 
the throw-out lever is operated before the reverse 
traverse is engaged by pressing a direction-control 
button. A dial gauge, reading to 0-001 in., enables 
the operator to obtain the correct diameter of thread. 
Another dial gauge on the saddle is provided for 
locating the cutter for the start, or the end, of the 
thread. An attachment is fitted, at the back of the 
saddle, to enable taper threads (internal or external) 
up to 10 deg. on either side of parallel to be milled. 

The workhead is driven through variable-ratio 
gears (to which reference was made in describing the 
firm’s jig borer), by a 1-h.p. motor in the base of the 
machine, and the speed of the spindle is infinitely 
variable between 0-25 and 3 r.p.m. The workhead 
spindle runs in phosphor-bronze bearings, and 
carries either a faceplate and clamps or a three-jaw 
chuck. Two magnetic brakes automatically stop 
the work spindle immediately the saddle has reached 
the end of its traverse, and by this means the lengths 
of successively milled threads are maintained 
constant within 0-001 in. The coolant tank and 
pump are contained in the base of the machine, and 
space is provided for a built-in transformer which 
may be required if the machine is to be used with 
a non-standard electricity supply. The approxi- 
mate net weight of the machine is 1 ton 18 cwt. 

The next milling machine to which we refer is of a 
more familiar type, although it incorporates a 
number of novel features which justify its name : 








the ‘‘ Adapta” miller, model N. It is made by 
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Messrs. J. Parkinson and Son, Shipley, Yorkshire, 
who are also exhibiting a universal miller, a plain 
miller, a “‘ Sunderland ” gear planer, a sharpening 
machine for “‘ Sunderland” cutters, and a gear- 
testing device. The Adapta miller, which is illus- 
trated in Fig. 18, opposite, combines the principal 
features of horizontal- and vertical-spindle milling 
machines. The cutter can be set up in several 
different ways and at various angles, and the 
machine is thus particularly useful for tool and 
die work, experimental work, etc., as well as for 
many operations in ordinary production. It is 
built for motor drive only, and incorporates a 2-h.p. 
motor for the cutter spindle and a 1-h.p. motor 
for the power feed and the rapid traverse move- 
ments of the table. 

The most interesting feature of the machine is the 
rotatable cutter head. It can be swivelled through 
90 deg. from the horizontal to the vertical positions, 
and can be clamped in any intermediate position ; 
Fig. 18 shows the machine with the cutter head 
horizontal. The spindle is supported in an outer 
bearing, and the machine is set up for normal 
horizontal milling. If, however, the outer-bearing 
arm is removed, and the supporting bar is unclamped 
and pushed back out of the way, the cutter can 
then be mounted directly on the head and used at 
any angle within the 90-deg. adjustment. A sub- 
head can be provided to attach to the main cutter 
head. It houses a short spindle, the axis of which 
is at right angles to the axis of the main head; 
it can be rotated through 360 deg. about the axis 
of the main head, thus greatly extending the scope 
of the machine. A slotting attachment can also be 
provided. It is mounted on the cutter head and 
has a maximum stroke of 2 in. 

The upper part of the machine, carrying the cutter 
head, etc., slides on the bedy, and its position 
can be adjusted by hand over a distance of about 
19 in. The cutter-head spindle has a 3-in. axial 
feed operated by a -handwheel. It runs in precision 
taper-roller bearings, and is driven through spur 
gears, splined shafts and spiral-bevel gears. The 
spiral-bevel gear on the spindle is mounted inde- 
pendently on taper-roller bearings, and drives 
the spindle through splines. There are 12 spindle 
speeds from 43 r.p.m. to 1,000 r.p.m. in either 
direction, selected by two crank handles. There 
are also 12 rates of cutting feed, from in. to 
15 in. per minute for the longitudinal and cross feeds, 
and from } in. to 6§ in. per minute for the vertical 
feed. The rapid power traverse is 90 in. per minute 
for the former feeds and 40 in. per minute for the 
latter feed. 

The table measures 52 in. by 123 in.; the longi- 
tudinal travel is 30 in., and the cross travel in line 
with the spindle is 10} in. The maximum and 
minimum distances between the centre-line of the 
spindle (when horizontal) and the top of the table are 
19 in. and 1 in., respectively. Two sizes of rotary 
table can be fitted to the table. The 10-in. rotary 
table is operated by hand only, through worm and 
wheel. The 14-in. table can be equipped for power 
feed, if required. The approximate weight of the 
machine, without extra attachments, is 42 cwt. 

Messrs. Alfred Herbert, Limited, are showing the 
Devlieg “‘ Jigmil,” a machine which they describe 
as “a revolutionary development in high-precision 
boring and milling,” and in this case the adjective 
seems to be justified. The machine, which is illus- 
trated in Fig. 19, opposite, will set the work- 
table to within 0-0001 in. of the position determined 
by a measuring rod, without the exercise of any 
skill by the operator, who simply presses a button, 
and the tool in the boring bar: can be set to incre- 
ments of 0-00005 in. by direct reading of a vernier 
scale, giving an accuracy of 0-0001 in. on the dia- 
meter of the hole. The necessity for jigs is elimi- 
nated, and the machine will accommodate work 
up to two tons in weight within the limits of its 
dimensional capacity. 

The table is located longitudinally and the 
spindle head vertically by a system which eliminates 
the stresses in the gears and the leadscrews. Consi- 
dering the table—the head is located in a similar 
manner—a measuring rod of appropriate length is 
laid against a stop in the place provided for it by 
the edge of the table. A selecting lever and switch 
are moved to the correct positions, and a button 





marked “automatic position” is pressed. The 
action thereafter is automatic; the saddle which 
supports the table is traversed rapidly to the right 
until the other end of the measuring rod makes 
contact with a small lever which actuates a switch, 
allowing the saddle to overrun the measuring-rod 
setting by an amount equal to 0-020 in. to 0-030 in. 
This amount is determined by a time relay. The 
rapid-traverse motor is then cut out, and a feed 
motor is energised, reversing the table at the 
faster of two feed rates. The saddle moves to the 
left until the limit switch is again operated, and 
it overruns 0-05 in. to 0-010 in. The feed motor 
is then reversed at the lower speed; the saddle 
is again moved to the right, operating the limit 
switch for the third time. A reversing potential 
is applied to the feed motor, bringing it to a stop, 
and, by means of a time-delay relay, allowing it 
to run in reverse for a few revolutions to release the 
stresses in the gears and leadscrew of the saddle ; 
the motor, however, does not run sufficiently to 
disturb the saddle, which is now located to within 
0-0001 in. of the measuring rod. The time required 
for these automatic setting motions is less than 
10 seconds. 

The operator locks the saddle, or the spindle 
head, as the case may be, by mechanism which 
does not alter the setting of the saddle or head. 
The table measures 48 in. by 30 in., and is sup- 
ported throughout the length of its 16 in. traverse 
(parallel to the spindle) by the saddle, which 
can traverse for a distance of 48 in. at right-angles 
to the axis of the spindle. The spindle is driven 
by a 3}/7}-h.p. two-speed motor through a speed- 
change box which provides a range of 24 speeds 
from 23 r.p.m. to 1,200 r.p.m. There are six feeds 
to the spindle, ranging from 0-001 in. to 0-012 in. 
per revolution; and there are 12 feeds to the 
spindle head (vertically) and the table (longitudin- 
ally) ranging from 0-3 in. to 15 in. per minute. 
Rapid traverse at 120 in. per minute is provided 
for the saddle and the head, and at 90 in. per minute 
for the boring bar. A fuller description of the 
Devlieg “Jigmil” was given in ENGINEERING, 
vol. 163, page 167 (1947). j 

Messrs. Wadkin, Limited, Green Lane Works, 
Leicester, are exhibiting some of their latest’ wood- 
working machines, of which we illustrate and des- 
cribe three: a four-side planing and moulding 
machine, a hydraulic cross-cut saw, and a large 
double-end tenoning machine. The four-side plan- 
ing and moulding machine, type F D, illustrated in 
Fig. 20, on page 204, can be supplied with four, five 
or six cutter heads, individually driven by 6-h.p. 
high-frequency motors running at 7,500 r.p.m. The 
machine will plane or mould—according to the 
cutters used—timber to a maximum finished cross- 
section of 4 in. by 4 in., but it will accept rough 
timber up to 44 in. by 44 in. The work is fed 
along the table (Fig. 20) from right to left, being 
located by a fence at the baek of the table and 
guided by s@veral rollers above and in front of the 
timber. The machine is supplied with three-phase 
50-cycle alternating current at 400 volts, and in 
order to enable comparatively small, but high speed, 
motors to be used for the cutters, the frequency is 
changed to 125 cycles per second, by a 15-kVA 
frequency-changer set. Direct current for electric- 
ally braking each cutter is provided by a trans- 
former and a rectifier. The electrical controls are 
conveniently arranged opposite the respective 
cutters, etc. 

The work is fed into the machine by four 6-in. 
diameter rollers, two above and two below, near 
the right-hand end of the machine. These rollers 
are driven by a 3-h.p. variable-speed motor which 
will run at speeds of from 500 r.p.m. to 1,500 
r.p.m. Thus the feed of the work may be varied 
from 30 ft. to 90 ft. per minute, in ten steps. The 
drive is through V-belts to a worm-reduction 
box, thence by chain to the top rollers, and spur 
gears for the final drive. The two top rollers 
are mounted on a vertical slide which is adjusted 
for height, to suit the thickness of the timber, 
by the handwheel above the machine. The two 
top rollers can also be adjusted individually by 
small wheels, and they are spring-loaded to allow 
for a variation in timber thickness of up to } in. 
without altering the main setting of the rollers. 








Considering the six cutter heads that can be pro- 
vided, and taking them in order from right to left 
(Fig. 20), there are: the first bottom head, which 
can be adjusted for height on a vertical slide; a 
vertical-spindle head cutting the timber on the 
back, or fence, side, and traversed by means of a 
small wheel on the front of the machine ; a vertical- 
spindle head on the near, or operator’s, side of the 
work, which is traversed in a similar manner, and 
is driven by the motor which is clearly visible in a 
vertical position in Fig. 20; the first top head, near 
the left-hand end of the machine, and adjusted for 
height on a vertical slide; the second top head 


‘(similar to the first top head but not fitted to the 


machine shown in Fig. 20); and the second bottom 
head, which is at the left-hand end of the machine, 
Care has been taken in the design to ensure that all 
cutters, etc., are accessible for setting up, and 
various parts of the table, etc., are- hinged for this 
purpose. Several chip breakers are provided and an 
exhausting system can be fitted. 

The Wadkin hydraulic cross-cut saw, model C.J., 
is shown in Fig. 21, on page 204. The circular-saw 
carriage is fed hydraulically into the workpiece when 
the operator presses a pedal; the rate of feed and 
the length of stroke are readily adjusted, and the 
rate of the return stroke is always 150 ft. per 
minute. Thus, the output of sawn timber from this 
machine is high compared with that of hand. 
operated machines. It may also be used for 
“trenching.” The main frame of the machine 
houses an oil tank and a 1-h.p. electric motor driving 
a small gear-type pump which delivers oil, through 
the pedal-operated valve, to the saw-carriage cylin- 
der. The oil also through a valve which is 
regulated by a lever on the front of the machine to 
adjust the rate of feed from 5 ft. to 120 ft. per 
minute. The saw carriage is an aluminium-alloy 
casting—to permit high feed and return strokes and 
reversals without shock—mounted on ball-bearing 
rollers running on hardened and ground steel ways. 
The saw spindle carries a 5-h.p. motor and rotates at 
2,860 r.p.m.; its position may be adjusted up or 
down for 2 in. to compensate for the sharpening of 
the saw, or for setting the depth of cut when trench- 
ing. Both the saw and pump motors are started and 
stopped by push buttons operating a contactor built 
into the main frame. The outer half of the saw 
guard is hinged, and a sawdust hood, with a nozzle 
for connecting to an exhausting system, is provided 
behind the saw. The saw table which the makers 
recommend should be used with the machine is in 
two sections, one on each side of the machine, each 
8 ft. in length, with a series of ball-bearing rollers 
17 in. long., A bar with three or more stops for locat- 
ing the workpiece can be supplied. Two expanding 
trenching heads, 13 in. in diameter, are available. 
One is for grooves } in. to 1 in. wide and up to 
1} in. deep, and the other for grooves 1% in. to 
2 in. wide and up to 1} in. deep. The principal 
dimensions of the machine are: diameter of saw, 
18 in. ; maximum width of cut, 20 in.; maximum 
depth of cut, 5 in.; and the approximate net 
weight, 30 cwt. 

Messrs. Wadkin’s double-end tenoning machine, 
type WB/B, which is illustrated in Fig. 22, on 
Plate I, is the first machine of this type that the 
firm have built, and is their largest woodworking 
machine. Itis stated to be suitable for large cabinet- 
making workshops and railway-carriage workshops, 
and it will simultaneously form tenons on the 
ends of timber, and cut up to six transverse grooves. 
The machine will accept timber up to 30 in. by 6 in. 
in section (although a special machine can be built 
to take material up to 5 ft. in width), and it will cut 
tenons of a maximum length of 6 in. on both ends 
of the workpiece, the maximum and minimum dis- 
tances between the tenon shoulders being 8 ft. 6 in. 
and 7} in., respectively. The timber to be ma- 
chined is laid transversely across the feed chains 
which travel along the upper edges of the sup- 
porting beams (Fig. 22), and is fed forward to the 
headstocks, where the tenons, etc., are cut. 

The tenoning machine is supported mainly on 
heavy base, which carries a fixed vertical headstock 
on the right; a pillar casting on the left; 4 
cross beam spanning the fixed headstock and the 
pillar and carrying up to six “ gaining ” or “‘ trench- 
ing ” units ; and a movable vertical headstock which 
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ch carry a cut-off saw, two “‘ scoring ” saws (if required), 
a two tenoning heads, and top and, bottom, “ scribers.”’ 
he The headstocks also support the feed-chain beams 
a ." and two top caterpillar-track pressure beams which 
al- 4 j hold the workpiece while it is being machined. The 
he : movable headstock may be traversed by power from 
nd F /. a 1-h.p. motor, or by hand. The cut-off circular 
8 : saws are mounted one on the front of each head- 
ar . stock, to cut the workpiece to the required length 
or = = Sitti” before tenoning. They are 18 in. in diameter, and 
ad L. " ) gem ig each is driven by a 5-h.p. motor at 2,800 r.p.m. 
he Cae . f ; " They can be moved vertically so as to cut the work- 
om, : _ — > _ Bt See piece from above or below; they can also be 
le. “ fem —rvre. | Pl ‘ oe. rotated up to 45 deg. in either direction to cut the 
all moa fs oo " on a , end of the tenon at an angle, and can be adjusted 
nd , eras et Rot a ae 9 for position laterally to determine the length of the 
1is ; e s . | tenon. ‘“ Hogging” saws can be carried on the 
an it ea: “= | saw spindles to reduce the cut-off portion of the 
j Ma? a pee workpiece to sawdust or small refuse. 
i, Be , oid a : There are two horizontal tenoning heads—top 
Ww ; ue ; and bottom—on each headstock. Each tenoning 
en oer io awe I oe head is driven by a 5-h.p. motor at 2,800 r.p.m. 
ad Le ; ' a The spindle carries two spur-toothed cutters, 3 in. 
he ee ’ ° eae ? thick, to ease the cut, break up the chips, and give 
er bi ' ’ oe a clean and accurate finish to the tenon shoulders. 
iis si The tenoning heads can be adjusted horizontally 
d- Ny ; ati soe and vertically, and will cant 30 deg. up and 10 deg. 
or ee . y down. If required, “‘scoring” saws to cut a 
he gg ; aie : - slight clearance groove in the corners between the 
1g : Ee i tenon and the shoulders, can be fitted to the main 
th : tenoning heads. Vertical “scribing” heads—to 
n- «ig form the tenon shoulder as in the corner of a window 
18 — frame—are mounted independently on the rear 
to column of each headstock. They are arranged for 
er ° cia vertical and horizontal adjustment, and can be 
ry ; canted up to 45 deg. Each scribing spindle is 
id ; . driven by a 5-h.p. motor at 2,800 r.p.m., but motors 
g , _ ' up to 10 h.p. can be provided. 
- erent sete The cross beam of the machine has horizontal 
. _ = . V-slides on the front and back faces, to carry the 
= s Ss ‘“‘gaining” or “trenching” units. There are 
of es a three of these units at both the front and the back, 
h- ' as shown in Fig. 22, and, according to the cutters 
d used, they will form grooves, etc., in the work- 
piece. The machine may, of course, be used for 
thi eg =e 4 
le Fic. 18. ‘“ Apapta”’ Mitirnc Macutne; Messrs. J. PaRKINSON AND Son. phere ak cde cane: 
d 3-h.p. motor running at 3,000 r.p.m. or 6,000 
- r.p.m., according to requirements. It is mounted 
- on a trunnjon so as to cant through 180 deg. ; 
h the three shown in Fig. 22 are set at different 
- angles to demonstrate this feature. Vertical adjust- 
a ment is provided by a screw, and horizontal 
z adjustment by a rack and pinion. Various types of 
grooving heads are available to suit the spindles. 
- It will be appreciated that by arranging the trench- 
: ing units on both sides of the cross beam it is possible 
to cut four closely-spaced grooves, using four 
: The caterpillar-type pressure chains can be 
adjusted vertically to suit the thickness of the 
workpiece. They are fitted with rubber pads, and 
" the chain wheels run on ball bearings to allbw the 
chains to idle round due to the movement of the 
“4 workpiece which, in turn, is propelled by the 
“ bottom driven feed chains. The pressure-chain 
. beams are mounted on hinges to allow access to the 
: tenoning cutters. The feed chains run on inverted 
: V-section bronze rails attached to the upper edges 
~ of the beams. The workpiece rests on the chains, 
n and various sizes of driving dogs are available. Tho 
t feed chains are driven by a variable-speed moter 
. of 3 h.p., rotating: at 500 r.p.m. to 1,500 r.p.m. 
2 the rate of feed being variable between 10 ft. and 
‘ 30 ft. per minute in ten steps. A slipping clutch 
_ is embodied in the feed transmission as a safe- 
. guard against overloading due to jamming, etc. 
% The motors in the tenoning machine are controlled 
a by rotary switches mounted on the feed-chain 
beams, and electric braking is fitted to each 
spindle. The machine can be supplied with various 
» alternative capacities, attachments, etc. 
k In addition to the boring and drilling machines 
. of Messrs. William Asquith, Limited, to which we 
© ENGINEERING have already referred, a machine for cutting tung- 
4 sten carbide is to be seen on that firm’s stand. It 
bh Fi@. 19. “ Devirec Jiemm.” Precision Bortnc Macutnk; Messrs. ALFRED HERBERT, Limrrep. | is illustrated in Fig. 24, on Plate I, which shows that 
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Fie: 20. Four-Smpg PLaninc aNnD Movutpinec MacutIneE; Messrs. WADKIN, LIMITED. 


it is a compact apparatus, with a lid for protecting 
it when not in use. A bar of tungsten carbide, up 
to 1 in. square in section, can be cut by a diamond- 
impregnated slitting wheel, 8 in. in diameter, which 
is mounted on top of the machine and driven by a 
l1-h.p. motor through a V-belt. The motor, con- 
tactor panel, and coolant pump and tank, are 
mounted inside the body of the machine. Three 
slitting-wheel speeds, 1,743, 1,460 and 1,230 r.p.m., 
are provided, the motor running at 1,400 r.p.m. 
A bar of tungsten carbide can be cut at any angle 
from 60 deg. to 90 deg., and the minimum thickness 
of piece that can be cut off is 0-010 in. The bar is 
held in a vice, the jaws of which will accommodate 
a tapered bar if necessary, and the vice is mounted 
on a slide which will swivel 30 deg. for cutting the 
bar at an angle. The slide is fed towards the wheel 
by an adjustable weight which hangs inside the 
machine. The wheel spindle is mounted in pre- 
loaded ball bearings, and the wheel is shrouded by 
a two-piece guard, the lower part of which forms a 
trough for recovering the coolant, which drains 
back into the tank. The upper part of the guard 
incorporates the coolant pipe, and is hinged to the 
lower part. This discourages the operator from 
opening the guard while the wheel is running. The 
vice oan alco be tilted 15 deg. about a horizontal axis, 
and micrometer adjustment is provided for deter- 
mining the thickness of the piece to be cut. 
(To be continued.) 





CANADIAN PACIFIC Ratway.—The gross revenue of 
the Canadian Pacific Railway for the period January to 
May, 1948, totalled 133,284 dols., compared with 124,300 
dols. in the corresponding period of 1947. 
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THE BRITISH MACHINE- 
TOOL INDUSTRY. 


WHEN James Nasmyth decided, in 1831, to leave 
the Lambeth works of Maudslay, Sons and Field 
to set up in business on his own account, Joshua 
Field allowed him, as is recorded in his Autobio- 
graphy, “to obtain castings of one of the best 
turning-lathes in the workshops.” Nasmyth was 
then only 23 years of age, but he was a young man 
of vision as well as ability and knew, to quote his 
own words again, “‘that when I had fitted it up it 
would become the parent of a vast progeny of 
descendants—not only in the direct line, but in 
planing machines, screw-cutting lathes, and many 
other minor tools.” That phrase about the “ vast 
progeny ” evidently caught his fancy (or that of 
Smiles, who actually wrote the book), for it occurs 
again and again in the narrative of Nasmyth’s life ; 
but it was an apt simile, though it is doubtful 
whether even the far-sighted Nasmyth can have 
realised just how appropriate it was and how 
numerous the “‘ progeny ” were to become in a few 
more generations. 

The Machine Tool and Engineering Exhibition 
which opened at Olympia yesterday is essentially 
a trade exhibition, possessing only a moderate 
appeal for the general public—a fact which was 
recognised by the decision of the organisers, the 
Machine Tool Trades Association, to close it at 
6.30 p.m. daily during its run, which terminates on 
September 11; yet it is well that the public should 
realise how much is implied by the inclusion in its 
title of the words “‘and Engineering.” The fact is 
that the two concepts cannot be divorced ; without 
machine tools, there would be no engineering indus- 
try worth mentioning, and without the contributions 
of other branches of engineering—as the present 
exhibition bears ample witness—the machine-tool 
industry would not have advanced much beyond the 
stage at which Nasmyth left it. This, however, is 
only one aspect of the economics of the industry 
and of its impact upon the wider field of national 
prosperity. There are many other aspects; so 
many that the architects of the great edifice of 
national trade may be pardoned, perhaps, if they 
fail sometimes to see all its aspects at once and in 
proper perspective. That they do fail in this 
respect, unfortunately, is fairly obvious, though it 
is easier for their critics to recognise the obvious 
than to set a quantitative value upon the deficiency 
or to prescribe, in terms of any precision, a course of 
action that will ensure the optimum benefit on a 





long-term basis. 








The difficulties and uncertainties which confront 
the British machine-tool industry at the present 
time were well summarised by Mr. W. J. Morgan, 
the secretary of the Machine Tool Trades Associa- 
tion, in an address which he delivered in Birmingham 
early in the present year. The first problem to 
which he drew attention was that of steel allocations, 
the significance of which really depended, as he 
pointed out, on the views held in official circles on 
the question, ‘‘ How essential is the machine-tool 
industry ?” Since every other manufacturing or 
producing industry was dependent upon machine 
tools for its ability to maintain its quota of produc- 
tion, he contended in effect, the question answered 
itself, for there could be nothing more essential than 
the industry which provided for other “ essential ”’ 
industries the means to do their work. 

The next question, however, was “‘ How big ought 
the machine-tool industry to be?”; and a large 
part of the answer to that question was to be found 
in a report which the Machine Tool Trades Associa- 
tion had prepared as long ago as 1945 and which had 
been approved by the Ministry of Supply to the 
extent that a number of the recommendations made 
in it had been accepted and subsequently acted 
upon. According to that report—and no one, Mr. 
Morgan commented, had denied the assertion—the 
minimum level of production for the machine-tool 
industry of this country was equivalent to an annual 
value of 23,000,000/. At that time, the industry 
was subject to a fairly strict control, with severe 
restrictions upon its freedom to make either profits 
or progress; the main emphasis was on output, 
principally of standard products because expenditure 
on development work was not encouraged. Subse- 
quent increases in working costs had the effect of 
raising the allowable minimum production value to 
something of the order of 25,000,000/., which was 
the estimated rate of production at the beginning 
of 1948; but Sir Stafford Cripps, in pursuance of 
his policy of industrial planning, had decreed that 
60 per cent. of that output must be exported, leaving 
only 10,000,000/. worth per annum for the home 
market—always supposing that the necessary raw 
materials were forthcoming to maintain the annual 
minimum of 25,000,000/. 

Meanwhile, Mr. Morgan continued, some 150,000 
secondhand machines out of the Government pool 
had been earmarked for disposal, and it was upon 
these secondhand tools that the home market was 
forced to rely for its re-equipment, while 15,000,000/. 
worth of new tools were being exported per annum 
to customers abroad who were, in effect, competitors 
of the British home industry. Was it more impor- 
tant, he asked, to get a direct return of 15,000,0001. 
in foreign currency or to equip British industry with 
the latest and most efficient means to produce other 
goods for sale overseas ? It must be remembered, 
too, that an important function of the industry was 
to act as consulting engineers to the manufacturer 
who used machine tools, for they were often in a 
position to indicate to him methods of production 
which were more efficient than those that he had in 
mind. 

Sir Peter Bennett, M.P., some months later, 
stressed the same points that Mr. Morgan had been 
making. British industry was being constantly 
told, he said, both in Parliament and in the popular 
Press, that they must improve their efficiency, 
reduce their costs, and bring their equipment up to 
date—but also they must cut down expenditure on 
capital development. They could not do all these 
things at the same time ; and while the greater part 
of the up-to-date equipment was being sent overseas, 
to their actual and potential competitors, they were 
loading the dice against themselves. 

The prime purpose of the present Exhibition, it 
has been asserted, is the encouragement of the 
export trade in machine tools; and that this is 
the Government view is evident from the fact that 
the official catalogue of the exhibits is being circu- 
lated only to export markets because the ration of 
paper allowed for it is not sutficient to supply copies 
for home circulation as well. Whatever view may 
be taken of the policy of exporting tools rather than 
selling them to industrial users at home, this 
restriction on the distribution of the detailed cata- 
logue seems to be short-sighted in the extreme. 
Fourteen years have elapsed since the previous 
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Machine Tool Exhibition was held, and in that time 
numerous improvements have been made in design, 
workmanship, capacity of tools, methods of control, 
and in various other directions. At the earliest, 
there can hardly be another such exhibition for at 
least four years, this being the minimum interval 
decided upon by the Association many years ago. 
As it has happened, the interval has been much 
longer, and we shall be pleasantly surprised if the 
next exhibition is held so soon as 1952, in the light 
of all the portents. 

It has been remarked by many who have been 
brought into contact with the products of the 
machine-tool industry that the definition of what 
constitutes a “ machine tool” is a problem of some 
difficulty. In fact, this difficulty has been experi- 
enced also by those within the industry ; we believe 
it is correct to say that even they are not unanimous 
on the subject. The Ministry of Supply define the 
term as embracing “‘any mechanical contrivance 
for cutting, forming, abrading, polishing or other- 
wise working wood or metal, and any standard 
equipment usually sold therewith,” but even this 
definition is not wholly satisfactory. Visitors to 
the Exhibition may, or may not, be able to evolve 
a better one, but they will certainly have to admit 
that all these operations are well covered by the 
products exhibited. 

Tn such circumstances, a comprehensive catalogue 
of the present exhibits should be readily available 
to every potential purchaser at home as well as 
overseas, to be kept at hand as a reasonably per- 
manent work of reference. The quantity of paper 
or of “‘ hard” currency that will be saved by the 
present niggardly policy of the Paper Control is 
negligible by comparison with the benefit of being 
able to put before the British user of machine tools 
a compact summary of what the machine-tool 
industry has to offer him, if and when supplies are 
available. Even if new machines cannot be sup- 
plied immediately to his order, the reference value 
of such a catalogue is still considerable ; not only 
to the possible buyer, but to the rank and file of the 
machine-tool industry itself, which must always be 
in process of renewal and, to that extent, always in 
need of the means to provide its younger personnel 
with the wider knowledge of the industry’s scope 
that is often so hard to obtain within the four walls 
of a single manufacturing establishment. This is 
not the place to discuss the handicaps under which 
the technical Press still labours as a result of this 
same parsimony; but the older members of the 
engineering profession will appreciate how much 
better off they were in their younger days, in the 
amount of descriptive technical matter available to 
them, compared with the young engineer of the 
present day, and how valuable a comprehensive 
catalogue can be in supplementing the ordinary 
sources of technical instruction. It is a great mis- 
take to regard such a catalogue (if the arbiters of 
paper allocations do so regard it) as something 
purely ephemeral, to be placed in no higher category 
than the posters advertising the exhibition. 

Of necessity, these comments were written before 
the actual opening of the Exhibition and it seemed 
well, therefore, to defer to a later date any generalisa- 
tions on the trends and characteristics of British 
machine-tool design ; in any case, many of these 
will be evident from the details of individual 
machines which occupy much of this issue of 
ENGINEERING. The aptness of Nasmyth’s simile of 
the ‘“‘ vast progeny ” of the simple machines that 
he knew has been remarked already, but it is evident 
also in another direction. Just as nations derive 
their individuality from the environment and 
upbringing of their people, so do machine tools 
reflect the conditions which have moulded the types 
and characteristics of their progenitors. The visitors 
to Olympia will miss a great deal that is of vital 
importance if they merely study the exhibits in the 
light of what they know of American or Swiss or 
other overseas practice. British machine tools have 
a character of their own, derived directly from 
Maudslay and Nasmyth and Roberts and all the 
other pioneers who have contributed to their present 
development. They deserve that their pedigree 
should be taken into account ; there is no substitute 
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DUST SUPPRESSION 
MINES. 


Dust in mines has proved an inconvenience, and, 
in many cases, a danger for a hundred years or 
more. The main material mined in this country 
is coal and the danger inherent in dust clouds 
has been due to the possibility of inaugurating and 
propagating explosions. Of recent years, however, 
it has come to be realised that the danger also 
includes a menace to the health of miners, the inha- 
lation of dust being the cause of respiratory diseases. 
Dust diseases did not become eligible for compensa- 
tion in the coal-mining industry until 1929; the 
regulations were extended and co-ordinated in 1931, 
1934 and 1939. When introduced, the regulations 
were at once taken advantage of, and in 1929, 
Amalgamated Anthracite Collieries, Limited, re- 
ceived applications from underground employees 
for compensation for silicosis on ‘an alarming 
scale, which showed signs of increasing year by 
year.” Apart from any question of the monetary 
importance of demands of this kind, the humani- 
tarian aspect of the state of affairs could not be 
ignored by any responsible authority, although the 
extent of the trouble was probably exaggerated. 
Further factors in the matter were the loss of skilled 
miners incapacitated by disease and the adverse 
effect on the recruitment of new labour. 

In recent years, great attention has been given to 
the effect of mine dusts on the health of miners, 
and much research and experimental work has been 
carried out. An example is furnished by the 
investigation inaugurated by the Medical Research 
Council in 1936, and was concerned with conditions 
in South Wales, which has a bad record in this 
matter, particularly in the anthracite area. The 
section of a report of the Council which dealt more 
particularly with the sampling and analysis of 
dust clouds was reviewed on page 152 of our issue 
of August 20, 1943. Although in its most important 
aspect this matter is a highly-specialised medical 
one, engineers are closely interested; after all, 
it is they who make the dust. Mining experts 
and firms engaged in the design and construction 
of coal-cutting and transporting machinery have 
given the subject much consideration. An indi- 
cation of this was furnished by the conference 
held at the Royal Institution, London, in April, 
1947, and organised by the Institution of Mining 
Engineers and the Institution of Mining and Metal- 
lurgy, representing, respectively, the coal and metal- 
liferous mining industries. The report* containing 
an account of the proceedings at the Conference is a 
valuable document. It is by no means concerned 
solely with dust-suppression arrangements and 
many medical aspects of the subject are discussed. 
It will be of particular value to workers in this 
country, that a number of the papers dealt with 
experience and practice in France, South Africa, 
Australia and India, from either the medical or 
engineering points of view. 

Medical theories and practice lie outside of the 
sphere covered by this journal, but there is one 
feature of what appears to be generally accepted 
medical opinion that has a direct engineering bear- 
ing. In the course of the report of the Medical 
Research Council, referred to above, it was stated 
that dust particles larger than 5 microns were of little 
pathological significance. This fact may explain 
why there is little of no evidence of silicosis, or allied 
diseases, being produced by dust clouds in North 
African deserts, to which individuals have been ex- 
posed for months or years. On page 394 of our issue 
of November 16, 1945, there appear reproductions of 
four photomicrographs of desert sands which were 
prepared by Dr. Harold Heywood. In a communi- 
cation appearing in the report, Dr. Heywood 
states that although some dust below 5 microns was 
present in these samples, the quantity was small, 
and that samples collected in the interior of the 
Nile Desert contained no fine dust. Bearing on 
¢his matter, Dr. A. Policard, of the University of 
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* Silicosis, Pneumokoniosis and Dust Suppression in 
Mines. Published jointly by the Institution of Mining 
Engineers and the Institution of Mining and Metallurgy. 
Salisbury House, Finsbury Circus, London, £.C.2, 
[Price 11.; or 10s. to members, ] 





Lyons, stated that silicosis used to be developed 
by workmen who trimmed millstones made from 
hard siliceous rock. This operation might be 
expected to produce many fine particles, but jt 
should be added that, in Dr. Policard’s opinion, the 
“freshness ” of the dust was a vital factor in its 
deleterious action. When it had become weathered, 
it was harmless. This would explain the immunity 
of persons exposed to desert dust clouds. 

Dust in coal mines is mainly produced during the 
Operations of cutting and loading and at conveyor 
transfer points. Mechanical cutting produces more 
dust than hand cutting, and as the use of the former 
is increasing, the application of remedial measures 
is of growing importance. Much is already being 
done ; the chief methods employed are wet cutting, 
the use of foam, and water infusion. The simplest 
method of wet cutting is the external application of 
water jets, this procedure being used to some 
extent in this country and largely in the United 
States. Less water is necessary when it is applied 
through a pipe or passage in the jib of the cutting 
machine. The amount of water used in any method 
of wet cutting may be reduced by the employment 
of a wetting agent. In tests carried out in South 
Wales, the use of a water-soluble oil in conjunction 
with a wetting agent reduced the consumption of 
liquid, with a shortwall cutter, to half a gallon per 
yard cut, as compared with 5 gallons of water. The 
fine dust, of less than 5 microns, was suppressed in 
approximately the same ratio as the total dust 
concentration. In this connection, a point raised 
by Dr. R. Lessing appears to be of importance. 
He suggested that the ‘ wettability of the indi- 
vidual components of coal might vary considerably 
and that further research was necessary on the 
effect of water on particles of different sizes. Refer- 
ring to rock drills, Mr. A. T. Holman stated that 
tungsten-carbide drill-bits remained sharp for about 
25 times as long as ordinary steel, and it was conse- 
quently probable that the production of dust of 
below 5 microns was reduced. This matter might be 
investigated with other types of cutting tool. 

The use of foam, such as is employed in fire fight- 
ing, as an alternative to water hardly appears to 
have advanced beyond an experimental stage, 
although its effectiveness has been proved in various 
tests on hard headings. In the water-infusion 
method of dust suppression, water under pressure is 
injected into boreholes driven into the coal face, 
the depth of hole varying from some 5 ft. to 15 ft. 
In an application of this method in an anthracite 
colliery in South Wales, the amount of dust present 
in the air when the coal was subsequently worked 
was reduced from 20 gm. to about 2 gm. per 1,000 
cub. ft. The system has also been employed with 
steam coal and bituminous coal in South Wales 
and North Staffordshire. In the former district 
pre-infusion has also been tried, water being driven 
into long boreholes. This procedure has been 
practised in New Wouth Wales ; its advantage is 
that infusion can be carried out in advance of the 
working face. 

Dust clouds caused by loading and conveyor 
arrangements may be dealt with by water-mist 
sprays and by damping the surface of the coal in 
tubs. The general ventilation is an important 
factor in the matter, and in a paper read at the 
conference by Mr. J. Ivon Graham, of the Scientific 
Department of the National Coal Board, and 
Professor T. David Jones, it was pointed out that 
dust clouds were an important problem in cases in 
which the haulage roads were of insufficient area 
from the point of view of ventilation. The 
restricted passage increased the air velocity with 
the result that loose dust on tubs was more readily 
picked up. A further method of reducing dust 
lies in the consolidation of mine roadways by the 
application of a hygroscopic salt solution. This is 
an aspect of the problem to which the Safety in 
Mines Research Board has given much attention. 
At the conclusion of their paper, Mr. Graham and 
Professor Jones stated that dust concentrations 
as high as 50 gm. per 1,000 cub. ft. at the coal face 
were fairly common some years ago in South Wales, 
with an average concentration of 20 gm. per 1,000 
cub. ft. The application of various remedial 
measures had now reduced the average to about 
3 gm. per 1,000 cub. ft. 
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NOTES. 


NATIONAL FounprRyY COLLEGE. 


Tue new session of the National Foundry College 
will commence at the Technical College, Wolver- 
hampton, on September 27. Intending candidates 
who desires to be admitted directly to the full-time 
diploma course, which is due to end in July, 1949, 
should have had a minimum of one year’s practical 
experience in the founding industry and should also 
possess an appropriate university degree, or Higher 
National Certificate, coupled, in the case of the 
latter, with a record of further study. Men who 
have been given special responsibility or who have 
had informative industrial experience will be con- 
sidered as possessing additional qualifications. The 
College authorities state that past experience has 
shown that some candidates require preparation 
to fit them to enter for the diploma course. For 
these a preliminary course, of six months’ duration, 
to be called Part 1 of the diploma course, will be 
arranged to commence in January, 1949. The 
present diploma course will henceforth be known as 
Part 2 of the course; and the intervening period 
between the end of Part 1 of the course in June, 
1949, and the beginning of Part 2 in the following 
September can be spent in acquiring foundry 
experience. In subsequent years, Parts 1 and 2 
will begin at the same time, in September of each 
year, and run concurrently. This will allow those 
students taking the two sections of the course in 
succession an interval of six months between the 
end of Part 1 and the commencement of the subse- 
quent Part 2, in which to acquire foundry experience. 
It is pointed out, however, that it will not be 
essential for students to take Part 2 immediately 
following Part 1. Thus for example, 18 months 
may elapse, instead of six, between the two sections 
of the course. Candidates who are in doubt con- 
cerning the part their experience and qualifications 
entitle them to enter are advised to apply to the 
Head of the College, Mr. J. Bamford, B.Sc. The 
fee for Part 1 is 401. for the session and that for 
Part 2, 601. for the session. The Board of Governors, 
however, may remit fees for all those candidates 
whose employers belong to a trade association giving 
financial or other support to the College. 


ResuiLtpine FLoop-DamaGcEep BringEs. 


Good progress has been made with the erection of 
Bailey bridges to replace temporarily the road 
bridges which were recently destroyed by flooding in 
north-east England and south-east Scotland. Rail- 
way bridges which were washed away are not so 
readily replaced, and owing to the extensive damage 
to railway tracks, embankments and bridges, it will 
be some weeks before the East-Coast main line can 
be re-opened to traffic. The rainfall was even greater 
than that noted in last week’s issue of ENGINEERING. 
According to a statement in The Times, the rainfall 
at Floors Castle, near Kelso, was 6-12 in. in the 24 
hours to 8 a.m. on August 13, the morning after the 
storm. The Railway Executive introduced a 
temporary time-table on Monday, August 23, and 
the passenger journey time by the temporary 
East-Coast route, via Kelso and St. Boswells, is 
90 minutes longer than the normal service. Some 
freight traffic is being transferred to the London 
Midland Region, and the remainder either uses the 
Kelso route or travels via Newcastle and Carlisle, 
thence via Carstairs or the Waverley route. Royal 
Engineer officers are advising the railway authorities 
on the possible use of military bridging equipment 
for replacing damaged railway bridges, but at the 
time of going to press it was not known at the War 
Office to what extent this would be put into effect. 
The military authorities at. Northern Command and 
Scottish Command headquarters have assisted with 
material and labour in the construction of Bailey 
road bridges. Most of these bridges will be semi- 
permanent; they are being built near the old 
bridge sites, and in most cases concrete foundations 
are first prepared. One bridge, about 3 miles north- 
west of Berwick, will span a gap of 420 ft. The 
civil authorities are building four piled piers, two 
in water and two on land ; it is expected that this 


sappers will erect a Bailey bridge. In Scottish 
Command, a 120-ft. bridge at Greenlaw was com- 
pleted on Monday, August 23; it is a ‘‘ double- 
triple” bridge with overhead bracing. Several 
others are under construction or will be started as 
soon as materials arrive at the site. A 70-ft. 
double-single Bailey bridge in Scottish Command 
was constructed by 29 civilians who were advised 
by a Royal Engineer officer and sergeant. Of the 
32 bridges washed away in the Scottish Command, 
area, the sappers will provide 13 temporary bridges ; 
and of the 14 washed away in the Northern Com- 
mand area three or four will be rebuilt temporarily 
by the Army. 


ELECTRICITY CHARGES. 


The British Electricity Authority has stated 
that the running rate of all two-part tariffs, other 
than those containing a coal clause, should be 
raised to not less than 0-75d. per unit. This ruling, 
no doubt, will be unwelcome to many consumers, 
but should not surprise them. Apart from the 
effect of the disastrous rise in the price of coal on 
many ruling tariffs, there were many of these of 
which the economic soundness was doubtful. At 
one time, supply authorities devoted much activity 
to the cultivation of the domestic load and some 
of them introduced methods of charging which 
were unjustified at a time when the domestic 
load factor was of a very unsatisfactory type. 
The general campaign, however, from the point of 
view of to-day, was only too successful, and it 
is to the domestic load that the present unsatis- 
factory condition of electric-power supply may 
mainly be attributed. The South Wales Electricity 
Board has responded to the appeal of the central 
authority by adopting a running charge of 0-75d. 
per unit, all tariffs below that sum being raised 
to it from and including the December quarter. 
The Southern Electricity Board has not, however, 
found itself able to adopt the same procedure and 
the price is to be raised to 0-875d. per unit. In 
justification of this it is pointed out that the price 
of coal is 65s. per ton in the Southern Area compared 
with 40s. 6d. in that of the South Wales Board. 
It is stated that, on the basis of coal costs, the 
charge in the Southern Area should be 0-99d. per 
unit, but it is considered that economies resulting 
from unification of administration over the area 
will permit the lower charge to be adopted without 
loss. Both of the new rates may possibly be modi- 
fied in the future, as they represent preliminary 
steps towards the standardisation of tariffs through- 
out the country, which it is understood to be the 
intention of the British Electricity Authority ulti- 
mately to undertake. - 


Hawker JeET-PROPELLED FiguTeR AIRCRAFT. 


The latest addition to the range of fighter aircraft 
manufactured by Messrs. Hawker Aircraft Limited, 
Sutton-lane, Langley, Buckinghamshire, the N7/46, 
was demonstrated at Langley Airfield on Tuesday, 
August 24. The N7/46 has been developed for the 
Royal Navy, but as it is still on the restricted list, 
it is only possible to give brief details. It is a 
mid-wing, jet-propelled monoplane of exceptionally 
clean design, the only excrescence on the fuselage 
being the transparent hood over the cockpit. It is 
fitted with a single Rolls-Royce ‘‘ Nene ” turbo-jet 
engine which develops a thrust in the neighbourhood 
of 5,000 lb. The engine is installed in the fuselage 
and the air intakes are situated at the wing roots 
while a bifurcated exhaust trunk enables the exhaust 
gases to be discharged at corresponding positions 
in the trailing edges of the wings instead of from a 
single central exhaust trunk in the tail of the 
machine. This design allows more room for the 
storage of fuel in the fuselage and, as a consequence, 
provides greater range, thus overcoming to a 
certain extent the major disadvantage of jet- 
propelled fighter aircraft. The N7/46 has a span of 
36 ft. 6 in. and a length of 38 ft. 4 in., the tail plane 
being situated high up on the fin in order to clear the 
exhaust gases. The pilot is seated in the nose of 
the fuselage, a position which provides an excellent 
field of view. A tricycle-type retractable under- 
carriage is fitted, the wide track of which gives 
good stability when the machine is moving along 





work will be completed by September 30, when the 


Mr. T. S. Wade, chief test pilot of Hawker Aircraft 
Limited, who showed clearly the machine’s excep- 
tional handling characteristics, a noticeable feature 
being its ability to carry out tight turns. The 
aeroplane has been designed primarily as a carrier- 
borne fighter and is provided, therefore, with folding 
wings and deck-landing gear. Like its predecessor, 
the Hawker Sea Fury, however, it will be available 
as a land-based fighter. Although performance 
figures and the range have not been divulged, it 
may be stated that the maximum speed is well in 
excess of 600 miles an hour. 


RapDaR EQuiPpMENT ON SOUTHEND PIER. 


The Southend Town Council, and the associated 
companies of Messrs. Kelvin, Bottomley and Baird, 
Limited, Messrs. Henry Hughes and Son, Limited, 
and Marine Instruments, Limited, New North-road , 
Barkingside, Ilford, Essex, have provided the general 
public with an opportunity of viewing, at the sea- 
ward end of Southend pier, a 9-in. diameter radar 
screen which shows the movement of shipping in the 
Thames Estuary, the position of local buoys, and of 
conspicuous landmarks on both the northern and 
southern shores. Since conditions at the seaward 
end of the pier, which is over a mile in length, 
simulate, in some respects, those of a ship at sea, it 
was selected by Messrs. Henry Hughes and Son, 
Limited, as a site for building a small station for 
testing their marine radar equipment. It is also the 
intention to use this station for training engineers 
and ships officers in the use of Kelvin-Hughes marine 
radar, and for this purpose, it is at present fitted with 
a Kelvin-Hughes radar set (Mark I). This operates 
with a wavelength of approximately 3 cm., and com- 
plies with the performance specification laid down by 
the Ministry of Transport (1948) covering a general- 
purpose set for marine transport. The radiating 
system comprises a simple cheese-type reflector, 
5 ft. in horizontal width, and 4 in. in vertical 
aperture, the horizontal and vertical angular beam 
widths being 14 deg. and 27 deg., respectively. 
The scan is 360 deg., and is made at a speed of 
30 r.p.m. A thermostatically-controlled heater is 
included in the aerial head in order to reduce ice 
formation. The presence of the testing station on 
the pier was considered convenient for providing 
facilities for the public to see radar equipment in 
operation, and thus for enhancing the entertainment 
value of the pier. Accordingly, a special display 
unit has been installed on a floor beneath the 
testing station proper, and the public can see 
the same picture on the display screen as is being 
viewed in the station. The testing station, and 
the display unit were formally opened, on Monday, 
August 23, by the Mayor of Southend, Alderman 
8S. F. Johnson, J.P., who was introduced to a 
private audience by Mr. G. B. G. Potter, joint 
managing director of the above three mentioned 
companies. 


Concriks INTERNATIONAL DES FABRICATIONS 
ME&CANIQUES. 


We have reported previously the outline pro- 
gramme of the mechanical-engineering congress, 
with the above title, which is to be held in Paris from 
September 13 to 18. The Congress is being organ- 
ised by the respective engineering industrial associa- 
tions in Belgium, France, Holland, Sweden, Switzer- 
land, the United Kingdom and the United States, 
the British representative body being the British 
Engineers’ Association, 32, Victoria-street, London, 
S.W.1; but the general secretariat, during the 
week’s meetings, will be at the offices of the Syndicat 
Général des Industries Mécaniques et Transforma- 
trices des Métaux, 11, Avenue Hoche, Paris, VIIle. 
This Congress is the first to be held and will be 
concerned principally with new techniques of metal- 
working, and with the general study of the effects of 
modern manufacturing technique on basic design. 
Of the 37 papers to be presented, four are by English 
contributors, these being by Mr. H. Millet, on 
‘Grinding Wheels and Diamond Tools”; by Mr. 
A. J. Murphy, M.Sc., on ‘“‘ The Use of Non-ferrous 
Alloys for Stressed Castings”; by Mr. Norman 
Swindin, on “ De-rusting”; and by Mr. W. W. 
Franklin, on ‘“‘ Powder Metallurgy.” Various visits 
to works, etc., have been arranged to take place 





the ground. The aircraft was demonstrated by 





during the week. It will be observed that tho 








208 


ENGINEERING. 








AUG. 27, 1948. 





period of the Congress has been selected to follow 
on the Machine Tool Exhibition at Olympia, which 
closes on September 11. 


CONFERENCE OF SHip TANK SUPERINTENDENTS. 


The fifth International Conference of Ship Tank 
Superintendents is to be held in London from 
September 13 to 17, at the offices of the British 
Shipbuilding Research Association, 5, Chesterfield- 
gardens, Curzon-street, W.1. The proceedings will 
open on the evening of September 13 with a reception 
by the First Lord of the Admiralty (the Rt. Hon. 
Viscount Hall) on behalf of the Government. 
Technical sessions will be held on each morning 
from September 14 to 17, and on the afternoon of 
September 14. Various visits have been arranged 
for the other afternoons, and on the evening of 
September 16 the delegates and their ladies will be 
the guests at a dinner to be given by the Institution 
of Naval Architects. On September 17, they will be 
received at Bushey House, Teddington, by the 
President of the Conference, Sir Charles Darwin, 
F.R.S., on whose initiative these periodical meetings 
of ship-tank superintendents were first organised. 
It is expected that some 50 delegates will attend, 
representing France, Denmark, Holland, Norway, 
Spain, Sweden, Turkey, the United States and 
Britain ; and three delegates, among whom will be 
Dr. G. Kempf, will be present from Germany. 
Canada is sending an observer, and two naval 
observers will be present on behalf of the United 
States. The honorary secretary of the Conference 
is Mr. T. Corin, of the Ship Division, National 
Physical Laboratory, Teddington. 





OBITUARY. 


MR. LAUNCELOT E. SMITH, C.B.E. 


THE British ship-repairing and shipbuilding indus- 
tries has lost a long-familiar figure by the death, on 
Sunday, August 22, of Mr. Launcelot Eustace Smith, 
C.B.E., chairman and, until recently, managing 
director of Smith’s Dock Company, Limited, of 
North Shields and of South Bank, Middlesbrough. 

Mr. Smith, who was 80 years of age, came of an 
old-established family and business on Tyneside, 
T. and W. Smith having been well-known in the 
early part of the Nineteenth Century as builders of 
wooden ships, including a number for the Hon. 
East India Company. His father, 'Thomas Eustace 
Smith, was a former M.P. for Tynemouth, but 
Launcelot, who was the third son, was destined, to 
enter the shipyard and his education, after he had 
completed his general schooling at Rugby, was 
directed to that end. He was apprenticed to 
Wigham, Richardson and Company (now Swan 
Hunter and Wigham Richardson, Limited) at the 
Neptune Works, Walker, and followed this training 
with a period of seagoing before taking his place 
in Smith’s Dock Company in 1896. Three years 
later, when Smith’s Dock Company amalgamated 
with H. S. Edwards and Sons, also of North Shields, 
Mr. Launcelot Smith and his elder brother, Eustace, 
became joint managing directors. Mr. Eustace Smith 
died in 1902, leaving Mr. Launcelot Smith as sole 
managing director, a position which he continued 
to hold until 1945, when he relinquished it in favour 
of Sir G. Tristram Edwards. He was elected to the 
chairmanship of the company in 1914, and this 
office he held until his death. 

A feature of Mr. Smith’s direction of the business 
was the expansion of the firm’s shipbuilding activi- 
ties at South Bank, Middlesbrough, principally in 
connection with whaling craft and deep-sea trawlers, 
but also, during the 1914-18 war, in auxiliary craft 
for naval purposes, and in propelling machinery for 
them. During this war, he was in charge of ship- 
repair work on the North-East Coast, and received 
the C.B.E. for these services in 1918. Initially, 
shipbuilding was carried on at North Shields also, 
in the former Edwards yard, but the need for addi- 
tional dry-dock accommodation led him to build a 
new graving dock there and to concentrate the new 
construction at South Bank. Mr. Smith was a 
member for many years of the committee of Lloyd’s 
Register, and he also took an active interest in the 
management of the Royal Merchant Navy School 
at Wokingham, of which he was a vice-president. 





THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 


(Continued from page 162.) 


THE proceedings in the second technical session 
of the Conference on Soil Mechanics, held in Rotter- 
dam from June 22 to 29, opened with a lecture by 
Ir. D. H. de Herder, on the afternoon of June 23, 
describing the harbour reconstruction works at 
Rotterdam, necessitated by the destruction of 
quays, etc., by the German occupation forces in 
face of the advancing Allied armies. Following the 
lecture, which is summarised below, the meeting 
discussed Sections VI and VII of the programme 
of papers, dealing, respectively, with “‘ Foundation 
Pressure and Settlements of Buildings on Footings 
and Rafts”? (on which the general report was 
prepared by Professor A. Caquot, of Paris), and 
“Pile Foundations and Pile Loading Tests,” for 
which the general reporter was Mr. J. Lehuérou- 
Kerisel, Director of Works in the French Ministry 
of Reconstruction. Summaries of their respective 
reports are also given below. 


HaRBouR RECONSTRUCTION IN ROTTERDAM. 


Constructional experience with quays in Rotter- 
dam, said Ir. de Herder, covered a period of more 
than a century, in the course of which, as the 
size and draught cf ships increased, and more wharf 
capacity and mechanical equipment were required, 
the methods of construction of the quay walls also 
had to be revised. Hence the port of Rotterdam 
was lined with quay walls of remarkably varied 
profiles, totalling a length of more than 30 km. 
when the German demolitions began. The forms 
of construction of the quays were largely influenced 
by the draught of the ships, by the tidal difference 
(normally 14 m.) which allowed open communication 
between the river and the several basins, and by 
the relatively unfavourable soil conditions. Layers 
of soft clay and peat, to a mean depth of 16 m. 
below the mean water level, rested on layers of fine 
and coarse sand to a depth of 30 m. below that 
level. The new quay walls had to be raised to a 
height of 3-35 m. above mean water level and the 
soil surface had to be raised to the same height. 
Extensive damage was caused by heavy time-bombs 
(of about 1,000 kg.), exploded in front of the quays 
below water level. More than 7,200 m. of quay wall 
and the greater part of the warehouses and the 
mechanical equipment were demolished, resulting 
in a loss of about 40 per cent. of the quay space 
walls used by sea-going vessels. The reconstruction 
of the quays was the responsibility of the Office for 
the Reconstruction of the Town of Rotterdam, a 
department representing the Ministry of Public 
Works and Reconstruction ; and the actual work 
was undertaken by an association of five large 
Dutch and three English contractors who specialised 
in this kind of work. Before starting the recon- 
struction work proper, the extent and the nature 
of the damage had to be ascertained. Clearing 
operations did not offer many difficulties above 
water level, but they were difficult below water. 
Dredging, floating cranes, and a kind of giant 
spoon of 7 cub. m. capacity were used successfully. 

The Rijnhaven, Ir. de Herder continued, was 
one of the oldest basins, and was lined with several 
types of quay walls. The oldest type consisted of 
a dike of fascine work, placed directly on the soft 
subsoil, thin wooden piles and a wooden floor 
being used. The newer types were all built on 
wooden piles, the floor being constructed somewhat 
below low tide level, with the help of a diving bell. 
The wall was built on this floor in the open, either 
of basalt masonry or of tamped concrete with a 
basalt revetment. A resilient fendering of long 
wooden piles and bollards was placed before the 
wall, the fill between the floor and the bottom of 
the basin being placed after dredging away the soft 
layers, and supported by a dike of fascine work. 
The type of quay wall chosen for the reconstruction 
had a floor somewhat under low-tide level, and 
prefabricated concrete piles, 15 m. to 21 m. in length. 
The walls were all constructed in the dry, behind a 
cofferdam of steel sheet piling. The old wooden 
piles were used again, when they were found to be 





in good condition. Part of the new walls were 
built on the existing undamaged foundations. The 
dikes of fascine work, 50 to 60 years old, proved to 
be very useful as a support for the fills of the new 
construction. In the Maashaven, the oldest type 
of quay wall was similar to the final type used in 
the Rijnhaven. For the repair of light damage, 
the diving bell was used. Extensive destruction 
necessitated the application of the method ag 
followed in the Rijnhaven. The quay walls of the 
Merwehaven and the Waalhaven were built on 
reinforced-concrete caissons resting on the sand 
layers, after the soft clay and peat lavers had been 
dredged away. In the Merwehaven, these caissons 
were destroyed so thoroughly that they could not 
be used ‘again as foundation elements. The new 
construction was composed of Larssen No. 5 steel 
sheet piling, 20 m. long, with anchor beams of rolled 
steel, 23 m. long, spaced 4-20 m. apart, placed 
somewhat under low tide level, and anchor sheet 
piles with a length of 3m. The back-fill consisted 
of brick rubble below and of sand above the level 
of the anchor beams. The new quay wall had to be 
placed approximately 6 m. in front of the old one. 

Destruction in the Waalhaven, though extensive 
on the east and the west sides, was limited to the 
upper parts of the walls. On the east side, 500 m. 
of wall had to be reconstructed, the upper part of 
the caissons being removed to a depth of 5-20 m. 
below mean water level. The breaches below this 
level were filled with tamped concrete, and a 
reinforced-concrete panel wall was constructed on 
this foundation. In order to execute these works 
in the dry, a sand dam was made in the narrow 
entrance of the north-eastern basin; the basin 
was then pumped dry, and the underground water 
level lowered. The basin was used as an improvised 
dry dock for repairing a 15,000-ton floating dock, 
sunk by the Germans. The quays outside the 
emptied basin would be reconstructed over a 
length of 700 m. in the same way, but steel sheet 
piling would be used there as a temporary protection 
for excavation and reconstruction purposes. On 
the west side of the Waalhaven, the new quay wall 
would be extended independently of the demolished 
caisson foundation, but, for reasons of economy, of 
reinforced-concrete construction. Sheet piling (thick- 
ness 50 cm., length 19 m.) was being used in front, 
with a group of bearing and tie piles behind, support- 
ing a floor 1-60 m. thick. For the rebuilding of the 
quay walls, 12,000 piles and 2,100 sheet piles had 
to be prefabricated. To save wood, the old resilient 
fendering system, consisting of long piles with 
bollards placed on top, had to be abandoned. Fixed 
timber fenders (spaced at 4 m. to 5 m.) and walling 
were used, the bollards being placed in pairs on the 
walls, 20 m. apart. The raking piles of the Maas- 
haven quays were protected by spring fenders at 
every 10 m., 1-5 m. in front of the wall. The 
bollards were anchored by means of rods and plates. 
All the quays for freight traffic were provided with 
crane rails and a subway containing cables. The 
reconstruction of the Rijnhaven, the Maashaven 
and the Merwehaven would be completed in the 
course of 1948, as well as part of the works of the 
Waalhaven. The remainder would be completed 
in the course of 1949. 


PRESSURE AND SETTLEMENTS OF 
BUILDINGS. 

Of the 43 papers in Section VI, more than half 
were submitted in the first of the four sub-sections, 
dealing with the measurement of settlements and 
comparison with theory. In this sub-section, 
great number of the papers showed a fair measure 
of agreement between computed and observed 
settlements. A good example was given in a paper 
by Mr. L. F. Cooling (Great Britain) on “ Settlement 
Analysis of Waterloo Bridge,” where the estimated 
time settlement curve for each of the four piers 
compared favourably with the observed settlement, 
in view of the complicated nature of the foundation 
problem. The foundations of the piers were 
constructed inside sheet-pile cofferdams, the lower- 
most 10 ft. of which was left in place when the piers 
were completed. It was estimated that this piling 
would sustain by friction a load of at least 4,000 tons, 
and possibly 6,000 tons ; and, allowing for the uplift 
pressure of the water on the base, that there would 
be little settlement until the load reached at least 
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7,500 tons. When the weight of the superstructure 
was imposed, the load became about 14,000 tons, 
which would then be transmitted to the clay under 
the foundation slab. The observed settlements 
fairly closely with the calculated amounts, 
being rather greater in the case of piers 2 and 3; and 
slightly less on piers 1 and 4. Four different settle- 
ment investigations were described by Ir. F. C. de 
Nie (Netherlands) which, with one exception, all 
showed good agreement with theory, although only 
the ultimate settlement had been computed. In 
this case, the differences were attributed to the fact 
that the samples had been disturbed in transit. 
No details were given of the sampler, however. In 
their paper on settlements under a skyscraper and 
a large monument, Professor R. F. Dawson and Mr. 
W. E. Simpson (United States) showed that the 
actual settlements under these structures conformed 
to the shape of the theoretical time-settlement 
curve only for a certain length of time; a sudden 
large increase was then recorded, after which the 
curve again took up the theoretical form. The 
authors stated that they were uncertain as to the 
cause Of the divergence, but believed it might 
be die to secondary consolidation effects or to 
vibrations resulting from pulsating winds during 
tropical storms. One of the recognised weaknesses 
in a settlement analysis is that the distribution 
of the additional stresses produced by the structure 
cannot be estimated with great accuracy, and the 
usual procedure is to assume the soil mass to be a 
semi-infinite homogeneous elastic solid, and the 
hydrostatic excess pressure to be a function of the 
vertical normal stress in the soil. It is assumed 
also that the structure is relatively flexible as 
compared with the soil that provides its support. 
Professor R. E. Fadum (United States), in a “‘ Dis- 
cussion of Assumptions Pertaining to Stress Analyses 
for Settlement Computation Purposes,”’ concluded 
that the above assumptions might lead to consider- 
able errors, especially in the computation of 
differential settlements. In a settlement analysis 
for a large building in which 50 settlement observa- 
tion points were provided, the minimum observed 
settlement was equal to the computed value, whereas 
the maximum settlement was only half of the 
computed value. In this case, the error in the 
differential settlement was therefore 300 per cent. 
Professor Fadum showed that Westergaard’s 
solution gave better agreement in general with the 
observed settlements than that of Boussinesq. 
Professor A. J. Costa Nunes (Brazil) presented an 
interesting paper on the settlement of an oil tank, 
100 ft. in diameter and 30 ft. high. The settlement 
agreed with the computed values if the modulus of 
elasticity of the concrete were taken to be 1-4 x 10 
Ib. per square inch, a value which was reasonable if 
creep were taken into account. A method of com- 
puting the settlements of slab foundations based 
on the modified Kégler’s method was given and this 
agreed satisfactorily with the measurements 
observed. In the discussion, Dr. N. Carrillo 
(Mexico) said that the large buildings in Mexico 
City were settling at the rate of 1 in. per month. 
The subsoil consisted of soft bentonistic clay with 
horizontal layers of water-bearing sand. The 
settlements, which could be accounted for theoretic- 
ally by Terzaghi’s theory, had been greatly accel- 
erated by the withdrawal of water from the sand 
layers, which had resulted in a general irregular 
subsidence of the whole area. In some places, the 
surface had settled more than 5 ft. Various authors 
attempted to give approximate formule for a ready 
evaluation of settlements. Mr. O. K. Peck and 
Professor R. B. Peck (United States), in their paper 
on “Settlement Observations on a Large Water 
Tank,” showed that a satisfactory conception of the 
settlement of the structure could have been obtained 
very simply by determining the coefficient of com- 
pressibility from the basis of its statistical relation- 
ship with the liquid limit, ascertained from a test 
boring. Mr. A. Jeppesen (Denmark) contributed 





an interesting paper on the foundation problems 
of the piers of the steel Little Belt Bridge, half a 
mile in length, in which the seasonal variation of 
the atmospheric temperature brought about a 
Variation in the settlement and tilting of its piles. 
Professor Terzaghi, in summing up the discussion on 
this sub-section, reminded the Conference that 





settlement theories had been shown to be useless 
unless the structural pattern of the sub-soil were 
accurately known. The secondary time effect in 
the consolidation test was generally not the same 
as the secondary time effect in the field, the difference 
being due to the lateral confinement in the labora- 
tory sample. 

Mr. L. F. Cooling and Mr. W. H. Ward (Great 
Britain) in the paper describing ‘‘ Some Examples 
of Foundation Movements due to Causes other than 
Structural Loads,” which they contributed to the 
sub-section on “‘ Special Problems in Foundation 
Engineering,” presented information obtained from 
a number of investigations carried out over a period 
of five years. In all cases, the weight of the building 
on the ground was negligible and the damage arose 
from movement of the ground below the level of 
the foundations, due either to climatic changes or 
to the effect of heat from industrial buildings. The 
movements were grouped in threeclasses, namely, the 
drying shrinkage of clays under structures founded 
at a shallow depth, due either to seasonal changes 
in evaporation and rainfall or to transpiration of 
trees and shrubs; the drying shrinkage of clays 
under industrial buildings such as brick kilns, boiler 
houses, etc., due to penetration of heat ; and “ frost 
heave ” under cold-storage buildings, due to pene- 
tration of frost. These various processes, they 
showed, not only caused purely vertical movements 
of the ground; appreciable tearing’ apart of the 
structure might occur, particularly in the first and 
second groups, where the clay shrank in all direc- 
tions. The author’s first example (out of several) 
of heating under a brick kiln presented features of 
considerable interest. The kiln, measuring 200ft. 
by 100 ft. and constructed on 9/ft. of brick rubble 
overlying stiff fissured Oxford clay, was worked for 
30 years continuously and then was demolished. 
Seven years later, a trial pit sunk on the site could 
not be carried to a greater depth than 35 ft. because 
the temperature of the ground at that depth made 
excavation impossible. Borings showed that the 
heat from the kiln had penetrated at least to the 
full thickness (65 ft.) of the Oxford clay, causing it 
to shrink and crack; and the clay was oxidised to 
a depth of 48 ft. In the case of a boiler house con- 
taining three Lancashire boilers which had been in 
service for only two winter seasons, each of only nine 
weeks’ firing and two weeks in which the fires were 
damped, drying of the London clay under the mass- 
concrete foundation had extended to a depth of 
between 5 ft. and 6 ft. 

Mr. J. E. Jennings and Mr. D. J. Henkel (South 
Africa), in a paper on ‘“‘ Small House Foundation 
Design,” describe a programme of research now 
being carried out by the National Building Research 
Institute in South Africa which has been necessitated 
by the high prevalence there of unexplained cracking 
in buildings, particularly in small unframed brick 
structures. Apparently, much of the cracking was 
due to changes in moisture content in the subsoil, 
the remedy for which was not always simple. Dr. 
H. Neumann and Mr. M. Polonsky (Palestine), in 
a paper bearing upon the same topic, suggested 
excavating to the depth of the footings and back- 
filling with soil not subject to the same trouble. It 
may be remarked that, in the British Isles, at any 
rate, it would be necessary, if this method were 
adopted, to go considerably deeper than the depth 
normally adopted for the foundations of small 
houses. 


Pitre FounpaTions AND Pitx-Loapine TESTs. 


The sub-section of Section VII which attracted 
the most papers (22 out of 29) was that dealing with 
the settlement and bearing capacity of piles. In 
most cases, the authors endeavoured to deduce 
formule from the results of field tests. Three 
methods are used to determine the total bearing 
capacity of the pile, based, respectively, on the pene- 
tration obtained by driving, direct loading of the 
pile, or on the physical characteristics of the soil. 
In his general report, Mr. Kerisel admitted that the 
question of the value to be placed on driving 
formule was one of the most hackneyed in the 
science of soil mechanics; the mathematical justi- 
fication of each of these formule was part of the 
theory of shock between two bodies, with or without 
the interposition of a soft body, and, as the dissipa- 








tion of energy could not be measured directly, each 
formula could only be justified by checking the 
results against one of the other two methods, par- 
ticularly the direct-load method. Professor G. P. 
Tschebotarioff and Mr. L. E. Palmer (United States) 
gave “‘Some Experiences with Tests on Model 
Piles,” reviewing briefly the main model tests per- 
formed elsewhere and comparing them with tests 
made at Princeton University, in which electrical- 
resistance strain gauges were used to ascertain the 
proportion of the total load carried by the pile 
point, by pile skin-friction, and by the pile footing. 
They concluded that a pile-driving formula which 
gave a low value for dry sand and too high a value 
for a plastic clay ; and that the bearing capacity of a 
pile, driven into a cohesive soil, could be closely 
estimated from the value of the cohesion as estab- 
lished in the laboratory. Mr. L. Bjerrum, Mr. C. 
Ostenfeld and Mr. W. Jonson (Denmark), presented 
a joint paper on the foundations for the Aggersund 
Bridge across the Limfjord, in Jutland, built on a 
fine alluvial sand mixed with shells and a little clay. 
They observed that Eytelwein’s formula gave the 
most applicable results, while the Engineering News 
and Brix formule gave values from 40 to 60 per 
cent. too low. Mr. Kerisel pointed out that pile- 
driving in loosely packed sand layers caused excess 
pore-water pressure and thereby a temporary con- 
siderable drop in the penetration resistance of the 
soil. After some time, as soon as the excess pressure 
had disappeared, the penetration resistance rose 
again ; thus pile formule based on a certain definite 
penetration per blow could not provide a measure 
for the bearing capacity of piles driven in such sand 
layers. Professor Terzaghi amplified these remarks 
with regard to clays, remarking that the disturbance 
produced by driving had been shown by recent tests 
to be negligible. Pile tests at Abbott’s Inch, near 
Glasgow, showed that, although the structure of 
the clay was initially destroyed, it soon recovered. 
Mr. W. S. Housel and Mr. J. R. Burkey (United 
States), in a paper on the driving characteristics of 
piles in soft elay, reported that, from tests carried 
out, the soil structure in the top clay deposit was 
found to be remoulded at a distance of 3 in. from 
the pile, but was not measurably effected at a 
distance of several feet. In the bottom clay deposit, 
no significant loss in shear strength was apparent, 
regardless of the distance from the pile: in fact, 
the results showed an increase in strength which 
could not be accounted for. 

An interesting piece of soil-mechanics equipment, 
widely used in Holland, is the deep-sounding cone, 
consisting of a tube approximately 2 in. in diameter, 
the tip of which is a cone. The instrument is forced 
into the ground to very considerable depths, while 
the resistance to penetration is continuously mea- 
sured. At given intervals, the driving is stopped 
and the cone tip of the instrument is pushed ahead 
of the tube by itself by means of a rod running down 
the centre. The resistance to penetration of the 
cone is then measured separately, and it is thus 
possible to estimate the bearing resistance at any 
depth in terms of adhesion and end pressure. This 
sounding device has been developed in various 
forms, those for shallow depths being operated by 
one labourer and those for greater depths being 
mechanically operated ; in all cases, the instrument 
is mobile. The main reason for its use in Holland 
is that: much of the soil consists of clays under which, 
at a slight depth, is a thin layer of sand and, at a 
greater depth, a thick layer of sand. To avoid 
settlement, the houses in the cities are all built on 
piles resting on the upper layer of sand, whereas all 
heavy structures have to be founded on piles resting 
on the lower sand stratum. The main use of the 
sounding device, therefore, is to locate the exact 
depth of these layers, a sudden increase in resistance 
being obvious when the layer is reached. The 
actual values can be used also to give an estimate 
of the bearing capacity of the piles to be driven at 
the site. Mr. G. Plantema (Netherlands), in his 
paper on the deep-sounding cone, analysed the 
sounding resistance with regard to ultimate bearing 
capacity and, by comparing the values thus found 
with full-scale loading tests on actual piles, deduced 
the ratio between load and penetration of a pile toe 
resting in a sand layer. Mr. C. Franx (Netherlands), 
in a further paper on this subject, gave other 
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numerical data and concluded that pile-driving 
formulz had little value, the penetration per blow 
being only an indication for those who had local 
experience in pile driving, pile loading and sounding. 
Asimilar conclusion was drawn by Ir. T. K. Huizinga 
(Netherlands), in a paper on “‘ Some Pile-Driving 
Problems”; loosely-packed sands, he observed, 
increased in density under shearing stresses, but 
closely-packed sands increased in volume and the 
shear strength also rose. Thus pile-driving in 
closely-packed samd layers caused an increase of 
volume and an excess of pore-water pressure, and, 
thereby, a temporary increase in the resistance to 
penetration. Mr. Kerisel agreed that more know- 
ledge was needed of the density of soils after piles had 
been driven. Various authors have compared the 
maximum load which a pile can bear with the 
theoretical value deduced from first principles. Mr. 
J. Florentin, Mr. G. ’Hériteau and Mr. M. Farhi 
(France) in their paper, “Tests on Small-sized 
Model Piles,” described the use of electrical resist- 
ance strain gauges to measure the distribution of 
pressure on the pile, and found a fair measure of 
agreement with theory if they assumed for the toe 
term an angle of friction greater than that of the 
lateral medium. 

Although the phenomenon of horizontal pressures 
on pile foundations is of general occurrence, its 
effects are especially obvious in Holland, where roads 
are usually built on sand fills. This fill increases the 
water pressure in the underlying clay and peat layers, 
and may result in substantial horizontal pressure on 
any substructure built on piles, for example, a bridge 
abutment. Ir. C. Franx and Ir. G. C. Boonstra 
(Netherlands) presented, in their paper on ‘“ Hori- 
zontal Pressures on Pile Foundations,” the results of 
a systematic study of the measures to prevent hori- 
zontal movement, concluding that the best method, 
though often the most expensive, was to replace the 
soft layers by sand. Since movement of the soil 
would break a normal concrete pile, it was recom- 
mended that timber piles should be used, or, alterna- 
tively, relieving floors might be constructed. Ir. 
E. C. W. A. Geuze (Netherlands), who presented the 
second of the three papers in this sub-section, made 
a quantitative analysis of the subject in terms of the 
hydraulic gradient in the soil mass and the results 
of slow shearing tests on undisturbed samples. The 
results showed, he suggested, the importance of the 
factor of time ; the internal frictional resistance of 
a mass of soil depended on the time which had 
elapsed since deformation began. It was notable 
that many failures of retaining structures occurred 
at a considerable time after the completion of the 
structures and ground works. Mr. L. A. Palmer 
and Mr. J. B. Thompson (United States) also sub- 
mitted a paper in this sub-section, in which they 
described a method for solving the problem of hori- 
zontal interaction of earth and single piles by 
differential equations, the solution being a general 
one for the variation of lateral earth resistance with 
depth of penetration. Of two interesting papers 
presented in the sub-section on “‘ Special Problema,” 
that by Sr. M. Gonzalez (Mexico) was on “ Level 
Control in Buildings by Means of Adjustable Piling.” 
This method had proved to be one remedy for the 
considerable settlements, already referred to, in 
Mexico City. The adjustable system allowed the 
pile to pierce through the slab and girders of the 
foundation by means of screws capable of supporting 
a cross tie, resting on the pile. The main advantage, 
of course, was that of being able to maintain uniform 
levels throughout a building, but it was also possible 
by this means to measure the load on a particular 
pile, and to keep it within prescribed limits. The 
other paper in this sub-section, by Ir. A. Plomp and 
Ir. W. C. van Mierlo (Netherlands) dealt with “‘The 
Effects of Drainage by Well Points on Pile Founda- 
tions.’’ The tests described were made in connection 
with the construction of the Maas Tunnel at Rotter- 
dam, a proposed new railway tunnel at Amsterdam, 
and the railway station at Haarlemmermeer. It may 
be remarked, however, that the conditions (layers of 
peat and sand), while characteristic of Holland, are 
not extensively encountered elsewhere. The authors 
found that, after drainage by the well-point method, 
the positive skin-friction of the pile decreased and 
might change eventually to “ negative friction.” 


(T'o be continued.) 





NEW METHODS OF LADLE 
DE-SULPHURISING PIG IRON.* 


By Dr. W. C. Newent, F.R.1LC., A.R.C.S., A. J. 
LaNnGNER, B.Sc., and J. W. Parsons, B.Sc. 

THis paper is an interim report, prepared by the 
Steel Castings Division of the British Iron and Steel 
Research Association for its Melting Sub-Committee, 
upon its recent theoretical and practical inquiry for 
new and improved methods of de-sulphurising re- 
melted iron for iron and steel foundries. The factors 
examined include slag basicity, various chemically 
reducing conditions, agitation by gas bubbling and the 
addition of specific sulphur-retaining elements such as 
barium. It is shown that the degree of mixing with a 
fluid basic slag is the predominant controlling factor 
and that the effect of the operation of bubbling with 
nitrogen is to intermix slag and metal rather than to 
remove the sulphur proportionately to the gas passed. 
The merit of sodium carbonate in providing the neces- 
sary fluid basic slag is confirmed, but it is also shown 
that, provided fluidity be maintained, a highly basic 
calcium silicate slag can act as a substitute for soda 
ash. The attainment of higher de-sulphurising effi- 
ciencies, theoretically possible from new de-sulphurising 
agents, is shown to be dependent upon the practical 
control of slag fluidity, intermixing and the state of 
reduction. 

The increasing demand for steel of lower sulphur 
content and the shortage of suitable low-sulphur pig- 
iron and steel scrap have raised the importance of 
de-sulphurisation processes. Sodium carbonate has 
proved itself to be effective, but not without dis- 
advantages, as a ladle addition for this purpose, and 
recent shortages in its supply have been an added 
stimulant to the conduct of this inquiry. The fume 
given off from sodium carbonate is objectionable, and 
while de-sulphurisation of up to 75 per cent. has been 
obtained, the normal extent under works practice is 
only around 50 per cent. The object of this investi- 
gation was therefore to devise a process whereby the 
sulphur content of molten iron in a ladle could be 
reduced to the desired limit in an easy manner and 
without objectionable fumes. 

The Institute of British Foundrymen have already 
published a preliminary report on this subject,t and 
to that report.the reader is referred for an introduction 
to this subject. In the present report, the authors 
have sought to review the basic principles of the 
process and have tried any new material or procedure 
which might lead to an improved process. Dr. Heuer, 
of the General Refractories Company of America, in a 
private communication, suggested that a highly basic 
slag made fluid by spar addition and bubbled with 
nitrogen should be extremely efficient as a de-sulphuris- 
ing process, and the authors have therefore incor- 
porated in their programme an examination of Dr. 
Heuer’s suggestions. The result is that, while the 
authors agree that the suggested conditions are favour- 
able, they are not satisfied that the conditions are 
quantitatively as favourable as was indicated by 
Dr. Heuer. 

The de-sulphurising action of lime takes place 
according to the following equation :— 


FeS + CaO = FeO + CaS ‘~ « @) 
the reaction constant of which is 


[FeO] x (CaS) 


K =(cao) x [FeS]¥ 


Now since (CaS) is to the first approximation equal 
to the sulphur in the slag, Ss, and [FeS] to the sulphur 
in the metal, Sy, it follows that 


_ [FeO] | 8s 

(CaQ) ~ Sy 

" Sy gy, (C00) 
Sy [FeO] 


and since similar equations can be deduced for the 
other possible de-sulphurising reactions, as, for example, 
with manganese or sodium carbonate, it follows that 

8 
the sulphur distribution between slag and metal = 

mu 
is linearly dependent upon the concentrations of 
[FeO], (CaO), (MnO), (Na,0), etc. Since, therefore, 
the concentrations of these materials are determined 
by such factors as the necessary slag fluidity, the cost 
and the permissible amount of manganese, etc., it 
follows that, for a given reaction, the possible variation 
in the sulphur distribution is strictly limited. Dr. 





* Paper presented at the Forty-Fifth Annual Meeting 
of the Institute of British Foundrymen, held in London 
from June 8 to 11, 1948. Abridged. 

+ Jl. Inst. British Foundrymen, De-sulphurisation 
Report, 1947. 

¢t According to convention, symbols in square brackets 
refer to concentrations in the metal and those in round 
brackets to concentrations in the slag. 





Heuer has advocated a method of lime de-sulphurisa. 
tion in which a highly basic slag is employed, together 
with a low [FeO] obtained by the passage of an inert 
gas, such as nitrogen, through the molten iron. The 
basis for this procedure is that for a given carbon 
content the [FeO] is lowered proportionately to the 
partial pressure of CO in accordance with :— 


C + FeO = Fe + CO. ° ~ (2) 


Heuer has added equation (2) to equation (1) to 
produce the following equation :— 


FeS +CaO +C=—CaS + Fe +CO . (3) 


from which it is erroneously implied that the quanti. 
tative extent of de-sulphurisation is necessarily propor. 
tional to the quantity of CO removed from the melt. 
Actually since equation (2) shows the dominant 
reaction for carbon monoxide elimination, all that 
equation (3) shows is that at its equilibrium the concen. 
trations of the reactants (including CO) are related in 
accordance with the requirements of the equilibrium 


(CaS) [Fe] Pco 
[Fes] (CaO) [Cc] 


Since there are sources of FeO other than from re. 
action (1) the quantity of CO removed in accordance 
with reaction (2) is not necessarily proportional to the 
sulphur removal to the slag, thus while the authors 
agree that the de-sulphurising conditions stipulated by 
Heuer are favourable, they do not agree that de- 
sulphurisation should increase exponentially with rise 
in basicity or that the extent of de-sulphurisation is 
necessarily proportional to the CO removed. 

If it be assumed that the slag materials initially are 
free from sulphur, which for practical purposes they 
are, then the final sulphur in the slag is that which 
has come from the metal so that the sulphur distri- 


constant K = 


s 
bution factor = is proportional to the loss of sulphur 


Mt 

from the metal divided by the final sulphur content of 
the metal. Thus forsmall extents of de-sulphurisation, 
say, less than 25 per cent., the percentage of sulphur 
loss is closely proportional to the sulphur distribution 
factor between slag and metal, but for higher degrees 
of de-sulphurisation the divergence increases rapidly. 
Theoretically the sulphur distribution factor is more 
significant than the percentage of sulphur loss, and it 
has therefore been calculated, in the tables of results, 
from the loss of sulphur divided by the final sulphur 
content of the metal and multiplied by the metal to 
slag weight ratio. 

The de-sulphurising force or a measure of the de- 
sulphurising tendency is best expressed as the change in 
thermodynamic free energy (AF) which occurs as 
de-sulphurising proceeds. This is simply related to the 
reaction constant as follows :— 


— AF =RT log, K 
which for equation (1) is :— 
[FeO] x (CaS) 
(CaO) x [FeS] 
[FeO] (CaS) 
(Cad) + RT loge (Fes] 
which for a constant state of basicity and oxidation, 


— AF =RT loge 





= RT loge 


Ss 
- AF =K,+ RT log. —, 
Su 


hence po varies exponentially with regard to — AF, 
M 

which means that for different de-sulphurising reac- 
tions, maybe with only small differences in their free 
energy changes, there would be relatively large differ- 
ences in the theoretical equilibrium sulphur distribu- 
tion ratios as between slag and metal. Hence it was 
decided to investigate de-sulphurisation with materials 
other than lime and sodium carbonate. 

The mechanism of the process of de-sulphurisation is 
essentially the mutual exchange of sulphur for oxygen 
between two metals, so that the important specific 
elemental property which must be considered is the 
free energy change from oxide to sulphide. Thus, for 
example, for the element calcium, the change is :-— 


CaO + 4S, = CaS + 402, + AF og 
similarly for iron 
FeO + 48, = FeS + 402, AF pe 
so that by difference we have our earlier equation (1) :— 
CaO + FeS = CaS + FeO + (A Fog — A Fre) 


to which the free energy term has been added. Hence, 
in the quest for other suitable de-sulphurising elements, 
it is necessary to seek for those which show differences 
between the free energies (AF) of formation of the 
oxides and sulphides, which are as large as possible, 
ie, A F (sulphide), — A F (oxide), should be as small 
as possible or negative. 

Unfortunately, very few data exist for such free 
energy changes at high temperatures, but from such 
as there are for Ca, Mn, Fe and Cu it is evident that 
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their free energy changes during the formation of the 
sulphides from the oxides is the same as the order of 
their heats of reaction (AH). This is readily under- 
stood when it is appreciated that the difference between 
the free energy change and the heat of reaction is 
determined by the entropy change, which is similar 
for all cases, being largely governed by the substitution 
of oxygen by sulphur. 

Table I shows the best that can be done at the 
moment in assessing the de-sulphurising powers of most 
TaBLE I.—Relative De-sulphurising Power of Various 
Elements. 

A H (Sulphide) — A H (Oxide). 





en.— 
eae — 10 kilocalories. 
Rubidium — 10 i 
Potassium - 2 os 
Sodium + 30 és 
Barium .. + 465 “6 
Strontium + 55 a 
Nickel + 70 be 
Calcium + 75 ea 
Manganese ee oe 52 + 80 - 
Iron ee . - - + 81 a 
Magnesium o. ae a +125 as 
Beryllium +180 of 
Aluminium +190 - 





elements, i.e., by comparison as the heats of formation 
at 25 deg. C. of their oxides and sulphides. 

From Table I it will be seen that the alkali elements, 
caesium, rubidium, potassium and sodium would seem 
to be the most promising. The compounds of the 
alkali metals, however, tend to be volatile at iron- 
melting temperatures, and it is probable that the full 
de-sulphurising effect of sodium carbonate is partially 
lost in normal practice owing to its volatility. The 
next group of elements which might be employed is 
the alkaline earth group (Ba, Sr, Ca, Mg and Be), and 
it is observable from Table I that it would be expected 
that the de-sulphurising tendency would progressively 
increase with rising atomic weight in that series. 
Barium thus stands out as possible, particularly as 
its cost is not high, and experiments were therefore 
made with a slag containing barium. The well- 
recognised affinity of the element nickel for sulphur is 
shown in Table I, but it should be pointed out that, 
while its specific affinity for sulphur as compared with 
oxygen is high, nickel is relatively a noble metal in 
that its actual affinity for both oxygen and sulphur is 
of a low order. 

So far it has been assumed that sulphides only are 
formed, but it is known (and it was particularly con- 
firmed from these experiments) that some sulphur 
dioxide is passed into the atmosphere during de-sul- 
phurisation, so that the chain of reactions, 

Sulphide — Sulphate — Gaseous SO,, 
may under some circumstances be all-important. A 
very stable sulphate would mean that the sulphide 
concentration in the slag, say (CaS), would be lowered 
at the slag/gas interface. On the other hand, an 
unstable sulphate might lead to the ready transfer of 
sulphur as SO, to the atmosphere, so that de-sulphuri- 
sation would be favoured. From such limited data as 
are available, it would appear that with the reducing 
conditions prevailing in contact with molten iron, very 
little sulphide would be oxidised to sulphate and that 
under the oxidising conditions of atmospheric air, an 
appreciable amount of any sulphide would be oxidised 
and dissociated, liberating SO,. Thus, for optimum 
de-sulphurising, the somewhat conflicting requirements 
are reducing conditions at the slag/metal interface 
and oxidising conditions at the slag/air interface. In 
a static state these conditions do prevail, but the 
problem then is how to transfer the sulphide up through 
the slag. The authors have sought to fulfil the desired 
conditions by bubbling through the bath an inert or 
reducing gas (N, or NH;) in insufficient quantity to 
make the general slag/air interface reducing. 
(T'o be continued.) 





PUBLIC HEALTH AND MUNICIPAL ENGINEERING CON- 
GRESS AND EXHIBITION.—The provisional programme of 
the Public Health and Municipal-Engineering Congress 
and Exhibition, to be held at Olympia, London, W.14, 
from November 15 to 20, has now reached us. The 
programme is not yet complete, but, as at present 
atranged, 21 sessions of the Congress will be held under 
the auspices of the leading professional institutions and 
associations, and 26 papers will be read, the subjects, to 
which additions will be made, including sewage, rural 
water supplies, water-supply gathering grounds, district 
heating, plumbing research, and quarrying and highway 
engineering. The chairman of the Congress Organising 
Council is Sir Roger G. Hetherington, C.B., O.B.E., 
M.I.C.E. The secretaries are Mr. G. P. Warner Terry, 
0.B.E., and Mr, C. W. Scott-Giles, M.A., secretary of the 
Institution of Municipal Engineers, 84, Eccleston-square, 
8.W.1. The Exhibition is to be held concurrently with 
the Congress. Over 200 firms will show equipment, plant 
and materials used in all branches of public health and 
municipal engineering. The exhibition organiser is 


PERSONAL. 


Mr. E. L. HANN has relinquished the office of a mana- 
ging director of Messrs. Powell Duffryn Limited, 40, 
Lime-street, London, E.C.3, but has consented to remain 
in office as chairman. To assist him, Mr. H. H. MERRETT, 
a managing director of the company, has been appointed 
deputy chairman. 

THE Rr. Hon. THE Viscount RIDLEY has joined the 
board of Messrs. Head, Wrightson and Company, Limited, 
Teesdale Ironworks, Thornaby-on-Tees. 

Mr. R. G. A. Dowmick, B.Sce., M.I.E.E., and MaJor 
D. G. Davis, R.E., B.Sc., A.M.I.E.E., have been nomi- 
nated to serve as representatives of the Council of the 
Institution of Electrical Engineers on the Special Dry 
Docks Committee of the Institution of Civil Engineers. 
Similarly, Proressor H. Corron, M.B.E., D.Sc., 
M.LE.E., and Mr. H. C. SPENCE, M.I.E.E., have been 
nominated representatives on the British Standards 
Institution Illumination Industry Committee and on the 
National Illumination Committee of Great Britain. 

Mr. ARTHUR COE, Editor of the Journal of the Institute 
of Fuel and secretary to the Publications and Educations 
Committees of that Institute, has been appointed 
Director of the Combustion Appliance Makers’ Associa- 
tion (Solid Fuel), 24, Tottenham Court-road, W.1. 
The British Electricity Authority, Eastern Division, 
Northmet House, Southgate, London, N.14, announce 
that Mr. F. H. Boup has been appointed assistant power 
station superintendent at Bedford Generating Station, 
and that Mr. L. P. FLoat has been appointed to a 
similar position at Watford Generating Station. Mr. N. 
NEAL, previously engineer in the Research Branch, 
General Post Office, has been appointed Communications 
Engineer of the Division. 

Mr. C. R. WESTLAKE, M.I.E.E., chairman of the 
Uganda Electricity Board, has been appointed a member 
of the Colonia! Office engineering mission to visit the 
Tennessee Valley Authority’s development scheme. 

Mr. S. F. Wise, who has been associated with the 
English Electric Company, Limited, and Messrs. D. 
Napier and Son, Limited, since 1928, has resigned his 
position to take up an appointment with Messrs. Baker 
Perkins, Limited, Peterborough, as controller of pur- 
chasing and stores. 

Mr. R. F. Prior, of Messrs. Prior and Palmer, General 
Buildings, Bridlesmith Gate, Nottingham, has been 
appointed secretary of the new East Midlands branch of 
the Nationa] Union of Manufacturers. It will cover the 
counties of Nottingham, Leicester, Lincoln and South 
Derbyshire. Mr. Ivor Grirrirus, of Messrs. J. H. 
Henderson, Griffiths and Company, 9, Park-place, 
Cardiff, is to act as secretary of another new branch, 
which is to cover the South Wales area. 

MESSRS. AUSTIN AND LANG, LIMITED, Heather Park- 
drive, North Circular-road, Wembley, Middlesex, an- 
nounce that their new telephone number is WEMbley 
6045-6, and their telegraphic address, Austinlang, 
Wembley. 





CONTRACTS. 


Contracts placed recently by the London Midland 
Region of British Railways include one given to MESSRS. 
CAFFIN AND COMPANY, LIMITED, 25, Craven-street, 
London, W.C.2, for the reconstruction in sheet-steel piling 
of a retaining wall on the Tottenham-Barking line, at 
Walthamstow, involving the diversion of a Borough 
Council’s sewer. Other contracts have been placed with 
Messrs. L. FAIRCLOUGH LIMITED, Adlington, Lanca- 
shire, for the widening of a bridge for the Stockport 
Corporation, over the railway between Cheadle Hulme 
and Stockport, and with Messrs. J. WESTWOOD AND 
CoMPANY, LIMITED, Napier Yard, Millwall, London, 
E.14, for the supply of steelwork for a bridge over York- 
way, between Barnsbury and Camden Town stations. 

During the past two weeks the British Electricity 
Authority, Great Portland-street, London, W.1, have 
placed contracts for boiler feed pumps for Barking “‘ C ” 
generating station with MATHER AND PLaTtT, LIMITED ; 
for civil engineering works at Poole generating station 
with Sm ROBERT MCALPINE AND Sons (LONDON), 
Limited ; for fuel-handling and conveying plant for 
Carrington generating station with W. J. JENKINS AND 
CoMPaNny, LIMITED ; for site excavation at Carrington 
generating station with TAYLOR WoopROW CONSTRUC- 
TION COMPANY, LIMITED; for coal and ash-handling 
plant foundations at Agecroft generating station with 
J. GERRARD AND Sons, Limtrep ; for 22-kV cables for 
the London Division with BririsH INSULATED CALLEN- 
DER’s CABLES, LIMITED; for 60-MVA, 132/66/11-kV 
transformers and shunt reactors for Islington substation 
with the BrITIsh THOMSON-HOUSTON COMPANY, 
LIMITED ; for 33-kV cable at Kingston with SIEMENS 
BROTHERS AND COMPANY, LIMITED; for 33-kV, 1,500- 
MVA switchgear at Accrington with A. REYROLLE AND 
CoMPaNy, LIMITED; and for 30-MVA 132/33-kV trans- 
formers for Redhouse and Clyde’s Mill substations with 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—London Branch: 
Wednesday, September 1, 7 p.m., Royal Society of Arts, 
John Adam-street, Adelphi, W.C.2. ‘‘ The Story Behind 
Lubrication,” by Mr. F. N. Judson. (Illustrated by a 
film.) Peterborough Branch: Thursday, September 2, 
7.30 p.m., Gas Company’s Office, Church-street, Peter- 
borough. Film on “ Rope Construction.” Birmingham 
Branch; Friday, September 3, 7.30 p.m., Imperial Hotel, 
Birmingham. ‘“ Feed Water,” by Mr. W. Murray. 
Newcastle-upon-Tyne Branch: Thursday, September 9, 
7.30 p.m., Y.M.C.A., Connaught Rooms, Blackett-street, 
Newcastle-upon-Tyne. ‘“ Diesel Engines,” by Mr. E. 
Hill. 

INSTITUTION OF PRODUCTION ENGINEERS.—Coventry 
Graduate Section: Tuesday, September 7, 7.15 p.m., 
Technical College, Coventry. ‘“‘ Automatic Turning 
Machines,” by Mr. R. F. Eaton. Wolverhampton Graduate 
Section: Thursday, September 9, 7.15 p.m., County 
Technical College, Wednesbury. ‘‘ Foundry Practice,” 
by Mr. E. L. Graham. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ CaTFoRD.”’—Single-screw vessel for the carriage 
of coal, built by Messrs. S. P. Austin and Son, Limited, 
Wear Dock Yard, Sunderland, for the South Metropolitan 
Gas Company, London, S.E.15. Main dimensions: 
304 ft. by 44 ft. 3in. by 21 ft. 44in. ;deadweight capacity, 
4,190 tons on a mean summer draught of 19 ft. 23 in. 
Six-cylinder vertical four-stroke marine Diesel engine, 
developing 1,460 b.h.p., supplied by Messrs. Ruston and 
Hornsby, Limited, Lincoln, and installed by the North 
Eastern Marine Engineering Company (1938), Limited, 
Sunderland. Service speed, 104 knots. Trial trip, 
August 16. 


M.S. “ WarRLA.”—Single-screw cargo vessel built by 
the Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for the British India Steam Navigation 
Company, Limited, London, E.C.3. Main dimensions : 
350 ft. by 49 ft. 9 in. by 25 ft.; deadweight capacity, 
about 5,500 tons. Three-cylinder opposed-piston Barclay 
Curle-Doxford Diesel engine of 1,780 b.h.p. supplied by 
Messrs. Barclay, Curle and Company, Limited, Glasgow. 
Launch, August 17. 


M.S. “‘ CLYTONEUS.”’-—-Single-screw cargo liner, carry - 
ing 12 passengers, built by the Caledon Shipbuilding and 
Engineering Company, Limited, Dundee, to the order of 
Messrs. Alfred Holt and Company, Liverpool, for the 
Ocean Steamship Company, Limited. Main dimensions : 
450 ft. by 62 ft. by 35 ft.; deadweight capacity, 9,300 
tons. EKight-cylinder double-acting two-stroke B. and W.- 
type Diesel engine, developing 7,500 b.h.p., constructed 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock. Sea speed, 16 knots. Trial trip, August 18, 

S.S. “‘ RIGOLETTo.”—Single-screw cargo vessel, built 
by Messrs. Short Brothers, Limited, Pallion, Sunderland, 
for the Rederi A’/B Soya, Stockholm. Main dimensions: 
441 ft. 6 in. by 57 ft. by 36 ft. 10 in. to shelter deck ; 
deadweight capacity, about 9,000 tons on a draught of 
25 ft. 12 in. Triple-expansion engines of reheat design 
installed by Messrs. George Clark (1938), Limited, 
Sunderland, with three oil-burning multitubular boilers. 
Service speed, 11 knots. Trial trip, August 19. 


S.S. “‘ Enuevu.”—Single-screw collier, carrying ten 
passengers, built and engined by Messrs. Hall, Russell 
and Company, Limited, Aberdeen, to the order of the 
Crown Agents for the Colonies, for the Nigerian Govern- 
ment. Main dimensions: 330 ft. by 46 ft. by 21 ft. to 
upper deck; deadweight capacity, 3,950 tons on a 
summer draught of about 19 ft. Triple-expansion 
ehgines developing 1,750 i.h.p., with two coal-burning 
boilers. Launch, August 19. 

S.S. “* MABELLA.”—Single-screw cargo vessel, built 
and engined by Messrs. Smith’s Dock Company, Limited, 
South Bank-on-Tees, to the order of the A/S Mabella, 
Drammen, Norway. Second of four. Main dimensions : 
300 ft. by 46 ft. 7 in. by 28 ft. 3 in. to shelter deck ; 
deadweight capacity, 3,600 tons on a draught of 19 ft. 
Fredriksstad-type steam motor developing 1,700 i.h.p. 
and giving a speed of 12 knots. Launch, August 20. 

M.S. ‘* PALUDINA.”’—Single-screw tanker for oil and 
bitumen, built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the Anglo- 
Saxon Petroleum Company, Limited, Lendon, E.C.3. 
Main dimensions : 425 ft. by 54 ft. 3 in. by 31 ft. 104 in. ; 
deadweight capacity, about 9,000 tons on a draught of 
25 ft. 6 in. Thbree-cylinder two-stroke opposed-piston 
Wallsend-Doxford Diesel engine, developing 2,800 b.h.p. 
and giving a speed of 12 knots, constructed by the 
Wallsend Slipway and Engineering Company, Limited, 








Mr. J. Pattisson, 68, Victoria-street, London, S.W.1. 


BRUCE PEEBLES AND COMPANY, LIMITED. 


Wallsend-on-Tyne. Launch, August 20. 
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NOTES FROM THE NORTH. 
GLasaow, Wednesday. 

Scottish Steel.—Production at the various steelworks 
continues at a high level, the raw-material position 
being better than for some time past. Home deliveries 
of scrap are being wel] maintained, and cargoes from 
Germany have been more regular and frequent ; deliveries 
of iron ore have also been sufficient for planning opera- 
tions at near-record levels. Re-rollers of bars and light 
sections require heavier tonnages of billets, but their 
supplies are still being drawn solely from home steel- 
makers, as the volume of imported semies has been on 
too smal] a scale to make any appreciable difference. 
Sheetmakers are experiencing little trouble about 
authorisations, and remain the most heavily-booked 
section of the industry, with commitments in some 
cases running to the end of 1949. Import licences are 
more difficult to obtain owing to financial restrictions, 
and steelmakers are watching the position carefully 
where it affects exports. In the meantime, while home 
requirements are so pressing, any diminution in the 
export demand is less likely to cause any anxiety. 


Scottizh Coal.—In the week ended August 14, the 
Divisional deep-mine output was 438,000 tons, some 
25,000 tons higher than in the previous week, but still 
substantially below the pre-holiday weekly figure of 
about 480,000 tons. The desultory production has 
resulted from a reluctance of the men to settle down 
after the holidays, the restlessness revealing itself in a 
series of unofficial stoppages, mostly trivial in origin, 
but the aggregate loss last week from this cause was 
several thousand tons. Absenteeism has also been 
higher than usual, and the average individual performance 
has been below previous standards. The poor outputs 
have intensified marketing difficulties, but while the 
supply position for a small number of consumers has 
been giving some concern, deliveries on the whole have 
been sufficient for users’ normal requirements, although 
there is need for considerable improvement in coll‘ery 
outputs. Industrial and steam coals have been moder- 
ately plentiful, but while deep-mined large coal has been 
scarce, house-coal merchants have good stocks. Coking 
coal has been the most scarce, but an adequate supply 
has been maintained at the coke-ovens. Export cargoes 
have been more difficult to stem, but allocation ship- 
ments have been dispatched according to programme 
with fair regularity. 





NOTES FROM THE SOUTH-WEST. 

CARDIFF, Wednesday. 
Welsh Coal Trade.—It was announced during the past 
week that the Ministry of Fuel and Power had proved a 
number of open-cast mining sites in the upper part of 
the Amman Valley in the western part of the coalfield. 
These were expected to yield substantial quantities of 
good-quality anthracite coal. Work on removing the 
over-burden was expected to be started within the next 
two months and the sites would be in production by the 
end of the year. Mr. Edmund L. Hann has relinquished 
his post as a managing director of Messrs. Powell Duffryn 
Limited. As stated in our “ Personal ” column, he will 
retain the office of chairman of the company and in this 
he will be assisted by Mr. H. H. Merrett, at present a 
managing director, as deputy chairman. For the time 


being, Mr. Hann will retain his directorships of certain: 


Powell Duffryn Group companies, where his experience 
and technical knowledge will be of value. Mr. Merrett 
has been in business at Cardiff Docks for nearly 50 years. 
He joined the Powell Duffryn Group on the merger with 
Welsh Associated Collieries, Limited, in 1935, and has 
since played an important part in the development of 
the company. As chairman of Cory Brothers, Limited, 
and Messrs. Gueret, Llewellyn and Merrett, Limited, he 
is an acknowledged expert on the export trade. Business 
on the Welsh steam-coal market has been severely 
hampered by the shortage of supplies throughout the 
past week. There has been a sustained demand on both 
bome and foreign account, but deliveries under existing 
bookings made by the principal home users, absorbed 
almost the whole of current outputs of the better sorts. 
Consequently the amount of coal that could be spared 
for shipment abroad was strictly limited and what 
releases were made were chiefly for Portugal. Bunkers 
were in steady request and were only quietly available. 
while cokes and patent fuel were scarce and in strong 
request. 


Swansea Steel-Shee? Industry.—The market | report 
issued by the Incorporated Swansea Exchange states that 
there is no change in the home tin-plate business. 
Although the demand is good. the volume of business 
transacted last week was not large, chiefly because 
makers had little more to sell for delivery during the 
current quarter. In tbe export market, however, there 
has been a slight improvement after a quiet two or three 
weeks. Steel sheets continue to have a strong demand, 
which is in excess of the production. Iron and steel 
scrap is in request and efforts are being made to increase 
the deliveries to the steelworks. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—-There have been insufficient supplies 
of high-carbon steels to meet requirements for at least 
18 months, and this has led to accumulations of orders 
in the agricultural and other steel branches in spite of 
the use of alternative qualities, some of which have been 
acquired from the United States and Canada. After 
urgent and frequent representations, a new scheme has 
been started which it is believed will relieve the scarcity 
in course of time, but there can be no quick recovery. 
The shortage has led to delays in the execution of orders 
for parts urgently needed by makers of agricultural 
machinery, and it will be a fairly long time before they 
can be dealt with. Supplies of raw materials for the 
steel trades are coming along more freely, and it has 
been possible to improve outputs of steel and relieve 
some of the scarcity of slabs and billets at forges and 
rolling mills. Continued good progress is being made 
with schemes of reorganisation and re-equipment of 
mills, forges and foundries. Heavy and light engineering 
departments are very fully booked. 

South Yorkshire Coal Trade.—Supplies are coming 
forward more freely and production at several pits is 
improving steadily. Stocks of coal at gasworks, electric 
power stations, and industrial undertakings are at a 
higher level than a year ago, and additions are now being 
made to reserves. The use of fuel oil has been a factor 
in the improvement of works stocks. Coking coal is in 
strong request and high priority is accorded to deliveries 
to the coke-ovens. Ample supplies of open-cast coal are 
being received. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.— Activity at the Tees-side iron and 
steel producing plants was quickly restored after the 
annual holiday week. While the tone of the market is 
rather quieter than of late, customers’ requirements 
continue at a very high level and it is expected that 
new record outputs will be achieved in the near future. 
Supplies of fuel to the consuming plants exceed expecta- 
tions, but still larger deliveries would be welcome. The 
output of Cleveland ironstone continues to fall short of 
the demand, but satisfactory imports of high-grade 
foreign ore are reaching the blast-furnaces and the posi- 
tion encourages the hope of an increase in pig-iron 
production. The situation regarding scrap shows some 
improvement, but still occasions uneasiness. The drain 
on stocks of both iron and steel scrap bas been halted. 
but the tonnages stored are inconveniently light. 

Foundry and Basic Iron.—Ironfounders are calling 
for larger deliveries of pig than are coming forward. 
The output of Cleveland iron is trifling and deliveries 
of that commodity from distant producing areas still 
fall short of current requirements. This shortage 
intensifies the demand for cast-iron scrap. The recognised 
market value of the substitute for ordinary Cleveland 
foundry pig-iron is now 198s. 9d. for delivery in the 
Tees-side area; this represents a rise of 3s. per ton. 
Satisfactory parcels of basic iron are going into use at 
the makers’ own consuming works. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are able to meet their customers 
requirements, but regular consumers are anxious to 
replenish their depleted stocks and are eagerly taking up 
the full deliveries due under running contracts. The 
fixed price of No. 1 East-Coast hematite is now 207s. 6d. 
—a rise of 2s. 6d. Outputs of low- and medium-phos- 
phorus grades of iron are ample for current needs and the 
make of refined iron is sufficient to meet the demand. 


Manufactured Iron and Steel.—Firms producing semi- 
finished and finished descriptions of iron have contracts 
to carry out that will keep them actively occupied until 
the next issue of delivery allocations, and steel producers 
have very heavy commitments. The position in regard 
to steel semies, however, is slightly easier, but billets, 
sheet bars and slabs have a ready sale. The anticipation 
of an improvement in supplies of semies gives rise to 
the hope of early full-scale production at the re-rolling 
mills. All classes of finished steel are in such strong 
request for home purposes that the rigid restriction of 
export quotas is unavoidable. Sheet manufacturers have 
extensive bookings and orders for black and galvanised 
sorts are understood to be heavier than for any other 
finished steel commodity. 





LIGHT-GAUGE TUBE BENDER.—Messts. B. Elliott and 
Company, Limited, Victoria-road, Willesden, London, 
N.W.10, have introduced a new light-gauge tube bender 
suitable for engineering, plumbing and furniture manu- 
facture. It can be held in a vice or screwed to a bench, 
and it will also bend square-, hexagon-, and oval-section 
tubes, bars, strips and angles. The maximum capacities 
are: copper tubes, 14-in. bore by 16 s.w.g.; steel tubes, 
13 in. bore by 16 s.w.g.; gas or steam tubes, } in. bore ; 
and electrical conduit, 1} in. outside diameter. 
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LABOUR NOTES. 


An unofficial strike, involving some 16,000 employees 
commenced on August 19 at the Longbridge, Birming.. 
ham, works of the Austin Motor Company, Limiteg 
following the introduction of high-speed multi-spindle 
gear cutting machines. The dispute appears to involve 
the question of whether a reasonable share of the 
benefits accruing from the introduction of more 
efficient machinery and tools should go to a firm and 
its customers, or whether the employees should enjoy 
the greater part of the advantages. The capital 
expenditure in such cases, and high-speed tools are 
costly, falls exclusively upon the firm concerned, as 
also does the loss incurred, if the machinery of its 
choice proves to be less efficient than was expected. 
The timing of the Austin strike is particularly unfor. 
tunate in view of the firm’s production drive and 
introduction of new models, which were scheduled, it 
is understood, to commence early in September. 
When the strike commenced, the firm was producing 
at the rate of over 2,200 vehicles a week, three-fourths 
of which were due for export. 





A statement issued on Monday by the shop stewards 
at the Austin factory states that the dispute arose 
from new methods of production in two machine shops. 
A demonstrator was timed and the management 
based the operator’s piece-work price on the demon- 
stator’s time. This ‘‘ was a flagrant breach of the 
piece-work agreement, in which it is stated that when 
material, means, or methods of production are changed, 
and the employer desires a modification in prices on 
basic time, the modification shall in no case be such 
as to effect a reduction in the earning of the operators 
concerned.” The shop stewards claim that if the 
management took the demonstrator’s time as the basis 
of piece-work prices, it would mean a reduction of 
25s. to 308. to each operator. The strike ended on 
Tuesday, when the night shift returned to work. 
Discussions will take place on the fixing of piece-work 
rates by demonstrator’s times, and the prices of the 
jobs in dispute will remain during the negotiations. 





Concern is growing among employees in the aircraft- 
construction industry at what appears to be its dwind- 
ling prospects of employment. Forty delegates from 
shop stewards’ and joint trade union committees 
throughout Great Britain, and stated to represent over 
100,000 employees in the industry, held a meeting 
in Birmingham last Sunday. A statement expressed 
their “great dissatisfaction with the Government’s 
policy of encouraging foreign competition at the 
expense of the British aircraft industry and of the 
whole nation.” The conference condemned the 
Government’s departure from its “fly British” 
policy and demanded the formation immediately of a 
representative committee to examine the “ present 
chaotic state” of the industry. Another resolution 
passed asked for the institution of a long-term policy 
leading to the nationalisation of the industry. 





The dockers’ unions have decided to press for drastic 
curtailment to the measures which the National Docks 
Labour Board will be able to take, in the future, 
against offending dockers. The disciplinary clauses 
of the docks labour scheme specify no limit to the time 
during which attendance money may be withheld 
and it will be recalled that the eleven men, whose 
repeated refusal to load zinc oxide started the London 
dock strike, were sentenced to three months’ suspension 
from its receipt. This was, on appeal, reduced to 
two weeks. A national delegate conference of dockers, 
held in London on August 20, considered that 14 days 
should be the maximum period for suspension from 
receipt of attendance money and the unions will 
now seek an agreement with the Board whereby this 
will be, in practice, the accepted limit. Such an 
agreement, though lacking statutory force, would 
have the desired effect, but would obviate the difficulties 
and loss of time which would arise from efforts to obtain 
an amending Order to the Order under which the 
docks labour scheme operates. 


The dockers’ conference also agreed that, so far as the 
London docks are concerned, matters of discipline 
should be de-centralised. It is proposed that each 
sector of the docks should establish a joint committee 
of both sides, so that difficulties can be dealt with as 
soon as they arise. Representations will be made to 
the National Dock Labour Board accordingly. The 
conference had been summoned by the Transport and 
General Workers’ Union,in accordance with an under- 
taking given by the union during the London dock 
strike, and was attended by some two hundred delegates 
from the union’s docks group, as well as by representa- 
tives of the Amalgamated Stevedores’ and Dockers’ 
Union, the Scottish Transport and General Workers’ 








Union, and the National Union of General and Municipal 
Workers. 
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ALUMINIUM-ALLOY CASTING 
DEVELOPMENTS.* 


By Dr. E. G. West, B.Sc., F.I.M. 


THE output of aluminium-alloy castings in the 
United Kingdom, in the year immediately preceding 
the outbreak of war, averaged 11,000 tons to 12,000 tons, 
but during the war period there was a peak capacity 
of 65,000 tons in 1943-44. The post-war output, 
according to official statistics, was 35,060 tons during 
1946 and 45,000 tons in 1947. The present tonnage 
is thus over three times the pre-war output. It is, 
therefore, appropriate to take stock of the position 
and to look eveed to future possibilities based on 
past éxperience. The present paper is divided into 
three parts, namely, development of the present-day 
alloys, improvements in casting practice, and expan- 
sion of the fields of application. 

Although the engineer, when considering aluminium 
for a particular application, studies first the tensile 
properties, and, possibly next, the resistance to corro- 
sion, it is of at least equal importance to take into 
account the casting characteristics of the alloys, i.e., 
fluidity, any tendency to hot-shortness and ability to 
give pressure-tight castings. Furthermore, the engineer 





* Paper presented at the 45th annual meeting of the 
Institute of British Foundrymen, held in London from 
June 8 to 11, 1948. Abridged. 





should appreciate that the properties shown by the 
standard test-bar are not necessarily given by the 
various sections of a casting made from the same 
metal. As the test-bar is but a check on the quality 
of the alloy used, the inherent characteristics of the 
alloy must be coupled with the experience and skill 
of the foundry concerned in determining the success 
or otherwise of the application. In practice, several 
other characteristics are of importance ; in particular 
the physical properties and other mechanical properties, 
such as fatigue. In addition, the production engineer 
often demands information on machinability and 
welding properties. 

The good machining characteristics of aluminium 
alloys are to-day well appreciated and any limitations 
to permissible and feeds are usually imposed 
more by the type and condition of the machines avail- 
able than by the alloys. Good weldability implies 
not only “ease of welding,” but also satisf 
properties of the welded assembly. The aluminium- 
silicon alloys and DTD 424 are particularly to 
weld by the oxy-gas and direct-current metal-arc 
processes. The high-strength alloys are more difficult 
to weld satisfactorily, owing partly to their hot- 
shortness, and to the fact that they require re-heat- 
treatment. The aluminium- esium alloys, while 
they are weldable, are difficult to weld due to gas reac- 
tions and the presence of a duplex oxide-film on the 
surface. The work by the British Non-Ferrous Metals 
Research Association on the welding characteristics of 
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the wrought-aluminium alloys, is of value to the welder 
of castings, and brief mention must also be made of 
the basic work by investigators at the University of 
Birmingham, sponsored by the aluminium industry. 
In a recent report by W. I. Pumphrey, issued by 
the Aluminium _ eth Mace Association, experimental 
work on the basic reasons for hot-shortness in several 
aluminium-base alloys was described, including high- 
temperature tensile tests, cracking, of ring castings, 
and restrained weld tests. Reference must be made 
to the report for full details, but it may be noted that 
it was found possible to place a number of alloys in an 
order of susceptibility to cracking in casting or welding. 
In addition to the composition and constitution of the 
alloys, other factors, such as grain size and gas con- 
tent, exercise important influences, and sufficient 
work has been completed already to indicate that 
both welding and casting problems may find a common 
solution to difficulties of this nature. 

One of the primary objectives of this investigation, 
and of researches by other organisations, is the eventual 
production of alloys of improved weldability, combined 
with other satisfactory properties, and useful results 
obtained in this direction are clearly valuable to the 
foundry industry. Attention is being directed in many 
quarters to improvements in the casting characteristics 
and mechanical properties by additions of small quan- 
tities of various elements—for example, cobalt addi- 
tions to the 12 per cent. silicon alloy—and there is 
still scope for much further research along these lines. 
A further fundamental contribution to new alloy 
development has been recently published,* namely, 
increasing the modulus of elasticity by alloying. It 
has been shown that a 25 per cent. increase is possible 
with reasonable mechanical properties and further 
investigation may well yield casting alloys which will 
allow section for section replacement of cast iron for 
equal rigidity and at least equal strength. : 

The general trend of development of aluminium-alloy 
casting technique has been, and should continue to be, 
in the direction of lower production costs and greater 
accuracy. There have been five basic steps in the 
general principle of increased foundry mechanisation, 
thus :—({1) production of sand castings from wooden 
patterns by hand moulding on the bench or floor; (2) 
production of sand eastings from metal patterns by 
machine moulding ; (3) production of castings, wherever 
possible, by the use of metal moulds instead of sand 
moulds, i.e., gravity die-castings; (4) production of 
gravity die-castings by means of mechanised dies ; 
and (5) production of pressure die-castings; but 
the last is subject to limitations of weight, type of cast- 
ing and quantities. The result of these trends is readily 
seen in the successful quantity production of ever 
larger and more complicated castings, by both the 
gravity and the pressure die-casting techniques. 

Many descriptions have been given of. the highly 
mechanised sand foundries laid down for war-time 
production, but less has been published about the 
equally interesting, and possibly even more valuable, 
use of mechanical aids in the normal jobbing foundry. As 








* Jl. Inst. Metals, page 177 (January, 1948). 
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examples, may be mentioned the provision of separate 
lifting tackle for each gang ; the conveyance of sand by 
mechanical means to the required place on the foundry 
floor or bench ; and the increasing use of sand-slingers, 
moulding machines, and plant for cleaning castings. The 
mechanisation of sand foundries has led, naturally, to 
closer control of the sand and, more recently, to the 
control of mould/metal reactions by the additions of 
suitable inhibitors. The control of gas content in the 
metal can have a beneficial influence on the control of 
solidification shrinkage, and. this may well become a 
major factor in the future production of many types of 
castings. The further investigation of synthetic 
materials as core binders offers interesting possibilities, 
as also does the use of exothermic compounds in risers 
to maintain the metal in the liquid state for a longer 
time. 

Control of the rate of solidification in different parts 
of a casting is indeed probably the most important 
single factor in influencing the value of the casting 
produced. Here the knowledge and experience of the 
foundryman determines the location and size of chills, 
especially in relation to the risk of hot-tearing; the 
provision of runners and risers of adequate size, and 
suitably placed ; the possibility of using sand.cores or 
insulating bushes in risers to allow the liquid metal to 
feed all parts of the casting ; and the choice of alloy of 
the desired characteristics. Such factors as these 
demand that the foundry be consulted at the earliest 
possible moment by the designer and purchaser of high- 
quality castings; and the foundry personnel must be 
prepared to back their experience by careful judgment 
and a helpful attitude towards the inquirers. Realisation 
of this constitutes one of the major advances in the 
recognition of the important part played by the foundry 
in aluminium developments. 

Gravity die-casting, while not at first sight presenting 
opportunities for mechanisation, is able to offer quite 
appreciable scope for inventive minds in the elimina- 
tion, or substantial reduction, of manual labour. 
Machines incorporating devices to this end are justified 
only when the number of castings is sufficiently large 
to absorb the extra initial cost of the plant and its 
design-time. The recent paper by Bourret* describes 
an automatic die-casting machine actuated by com- 
pressed-air pistons to allow the operator to pour a 
number of dies in rotation. It is claimed that accurate 
die closing, controlled opening, and increased die life 
are achieved. 

The combination of permanent moulds and sand 
cores, while acknowl: to be valuable, is not widely 
practised, although a few successful applications of the 
idea have been described. For example, the German 
ceylinder-block castings illustrated in Fig. 2, on page 213, 


were made in a four-part cast-iron mould, hydraulically | p 


operated, and with a sand core. The automatic die- 
casting machine employed is illustrated in Fig. 1. 

The use of anodised aluminium as a permanent mould 
material would appear to be a development of double 
interest to the aluminium-alloy founder, although the 
Parlanti process, up to the present, has met with but 
limited favour. The rate of heat transfer is extra- 
ordinarily high, making possible the control of metal 
structure, while die costs are low enough to offer sub- 
stantial savings compared with the costs of dies made 
by conventional means in cast iron or steel. The 
process has its limitations, of course, but published data 
indicate a measure of usefulness which must merit close 
investigation by the far-seeing foundry manager. 

Although pressure die-casting originated about a 
century ago, its application to aluminium alloys was 
delayed until around 1914, and to-day the initial diffi- 
culties have been so successfully overcome that 
aluminium-alloy pressure die-castings have become as 
popular as those produced in. the lower-melting-point 
alloys. Since about 1934, the cold-chamber die-casting 
machine has been extensively developed and used on 
large-scale production for aluminium alloys, givin 
castings of greater density than those possible with the 
older goose-neck type of machine. This development 
also allows many of the standard alloys to be pressure 
die-cast without the risk of iron pick-up. Indeed, it is 
not always realised to-day that the iron content of 
aluminium alloys could increase to such a great extent 
during the course of a day’s run. In the goose-neck 
machine the iron might well increase from 0-5 per cent. 
in the morning to as much as 4 per cent. in the late 
afternoon, and this limited the process to the aluminium- 
silicon alloys, the properties of which were not too 
seriously affected by excessive iron. To-day, the cold- 
chamber machines allow all the popular alloys to be 
pressure die-cast, in particular BS.L33, DTD 424, 
LAC 112A and, for special purposes, DTD 165. 

Many improvements in equipment, die design and 
general procedure, for both gravity and pressure die- 
casting production, have been made by individual 





* Twenty-first Congress of the Association of Foundry 
Technicians, Paris (1947). 
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foundries, and it is not possible to pick out specific items 
in the present general survey. The control of die tem- 
perature by special cooling arrangements, or by insula- 
tion or by the use of mould materials of appropriate 
thermal characteristics, is typical of the items taken into 
account when considering the final design and dimen- 
sions of a proposed casting. Improvements may be 
made in pressure die-casting machines to give still 
greater accuracy or other improved qualities or faster 
production. The many minute details concerned with 
the accurate closing of the dies, or the exact timing of 
each ‘casting operation, are typical of the advances 
made as a result of studying every job on an individual 
basis, in order to ascertain and avoid every possible 
source of wastage or defect. Many propositions involve 
the use of electrical timing gear, automatic temperature 
control and pre-determined pressure cycles, but it is 
still no less important to establish and maintain the close 
interest and co-operation of the. operator of a die- 
casting machine to the same extent as that of the 
moulder on the floor of the sand foundry. 

Particularly valuable developments in casting 
procedure are the low-pressure and vacuum techniques 
which have opened up new fields of application for 
intricate designs demanding high accuracy and complete 
soundness in alloys which may not fluidity. 
The low-pressure process has the advantage of feeding 
the casting until solidification is complete, but the 
vacuum method, while it assists in filling the mould, 
does not provide a continuous head for feeding. 
There has been little published on the details of the 
process or its adoption, but a German example has 
been described,* involving the use of a partial vacuum 
to enable cylinder heads to be die cast with fins 1-5 mm. 
thick at the tip by 80 mm. deep. 

The quality of the product has been improved by the 
attention which has been given to the demands of the 
designer, especially the aircraft engineer during the 
war, and these demands have resulted in a great increase 
in the reliability of aluminium-alloy castings for highly- 
stressed components. ‘This has been linked with one 
of the most important developments in the light-alloy 
foundry industry, namely, the widespread introduction 
of radiographic examination as a standard inspection 
procedure for castings for high-duty components. 
Radiography, regarded perhaps originally by the 
foundry manager as yet another war-time trial, has 
come to be regarded, not only as a means of main- 
taining quality, but as an invaluable aid in establishing 
the best possible technique for the production of new 
castings. This is strikingly demonstrated by many of 
the new.applications of aluminium-alloy castings, and 
at least one technical film has shown in a graphic 
manner the value of X-ray examination for this 


urpose. 

Previously, the foundry manager and metallurgist had 
recourse only to cutting up castings—whether proto- 
types or production samples—to find the location and 
magnitude of defects, and this involved taking many 
sections in an attempt to obtain as complete a picture 
as possible. This was not only time-consuming and 
costly, but at best could yield only an inadequate 
measure of the faults that might be present; and in 
some instances defects were revealed after subsequent 
machining—at still further cost. Radiography has thus 
become an essential tool in the development of 
economical production procedures, even though the 
bulk of the production-run may not be inspected by 
X-rays. 

In considering means of reducing the cost of alumin- 
ium-alloy castings there are still avenues which could 
well be explored, other than the obvious and undesirable 
one of reducing the quality of the metal poured. The 
efficiency of the melting equipment has improved, but 
the ratio of gross weight to fettled weight is still high, 
often exceeding two to one, and in a few exceptional 
cases running up even to ten to one. The cost of 


g| metal involves a great deal more than fuel, furnace 


labour, crucible costs and melting losses, but often no 
account is taken of such factors as the provision of 
adequate metal stores, including labour-depreciation 
on extra melting equipment; foundry floor labour ; 
handling and ‘fettling costs; and the extra cost of 
handling metal and materials over and over again. 
Extra attention to the possibility of reducing the size 
of runners and risers without reduction in quality might 
well show a 10 per cent. saving in the weight of metal 
poured—a worthwhile reduction in price per casting 
resulting. There has been little authentic information 
published on the question of gating for maximum 
quality and economy, but a report of German practice 
states that proper gating could be achieved by relating 
sprue area: runner area: ingate area in the ratio 
1:3:5.¢ It would be interesting to compare this with 
British experience. 

Attention has been concentrated on modern develop- 
ments, but the present use of one of the oldest methods 
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—the lost wax (“cire perdue ”) process—is worthy of 
notice. The process, originally developed for statuary 
by the ancient Egyptians, was “‘ re-discovered ” and is 
already finding a wide range of application for several] 
metals and alloys. As manufacturing details become 
more widely known, it may well take its place among 
the better established methods available to the specialist 
light-alloy founder. It necessitates skill and experi. 
ence, and although it is a simple process in principle, it 
is not suitable for employment by the “ back-yard 
boys ”’ of the foundry world, Another casting process 
which has not yet made much progress in aluminium 
foundries is the centrifugal method. The differences 
in casting characteristics between aluminium alloys 
and heavier metals, such as cast iron, necessitate a new 
approach to the problems of economic centrifugal 
casting, but the basic advantages may repay further 
investigation for new ranges of light-alloy products. 

To conclude this section, mention may be made of the 
advances in metal melting, but progress has been 
such as to necessitate a separate paper to summarise 
the differences between present practice and the 
earliest methods. Low-frequency electric furnaces 
have proved their worth; temperature-control appa- 
ratus has gained its high status by justification and 
simplicity ; melting fluxes not only remove dross and 
gas, but also provide a ready means of adding grain- 
refining elements; and aluminium alloys have them- 
selves entered the foundry as suitable moulding-box 
materials. All these and many other smaller factors 
contribute to increasing quality and decreasing costs. 

Finally, it is suggested that, in future, more attention 
should be devoted to reducing costs by the develop- 
ment and adoption of continuous melting and casting 
procedures. It must be accepted that the production 
of castings is essentially a batch process, but great 
economies might well be obtained by concentration of 
effort on all possible means of running melting plant 
continuously. This would necessitate a small number 
of alloys to be in general use in a foundry and long 
runs of products of a similar type—both these requiring 
very complete co-operation with the purchasers of 
castings, probably to be achieved through the reduction 
or elimination of many of the customers’ “‘ pet prefer- 
ences ’’ in return for better service, lower prices and 
greater uniformity of product. 

The general expansion of the aluminium producing 
and fabricating industry throughout the world, coupled 
with the well-known shortages of metals and other 
materials, has presented the aluminium-foundry indus- 
try with an extraordinary opportunity which should 
enable it to become established on a far wider and 
firmer basis than even the most optimistic could have 
foreseen a few years ago. In expanding the field of 
application of aluminium-alloy castings, care must be 
taken, and is indeed being exercised, to avoid the more 
short-term substitution of aluminium for materials 
which may be in short supply and which might well be 
more economic in normal circumstances. There are so 
many long-term ibilities for the use of aluminium- 
alloy castings, for which their characteristics make 
them technically and economically more suitable than 
alternative materials, that the industry discourages any 
tendency to a cheapjack policy. The particular charac- 
teristics of aluminium alloys—low density, the ability 
to produce die castings of high dimensional accuracy, 
permanence and durability, high conductivity, the 
wide range of mechanical properties obtainable, and 
the ready machinability—must, therefore, govern new 
application. It is not proposed to describe all the 
present and future fields of development, but to discuss 
some of the major trends. 

Perhaps the earliest application of aluminium alloys 
was for internal-combustion engine components, parti- 
cularly crank cases, sumps and gearboxes, followed later 
by pistons and then by cylinder heads. For the last 
items, the thermal properties are of particular value, 
and the low weight of pistons further improves engine 
efficiency. For many years, too, aluminium-alloy 
castings have been used extensively for other auto- 
mobile components—various engine sundries, such as 
covers and housings, back-axle differential cases; 
brake drums, and, in some cases, road wheels. An 
impeller, 40 in. in diameter, for a Diesel engine, is 
illustrated in Fig. 3, on page 213. It is of AC 7 alloy 
and has a 14-Ib. steel insert cast into the centre. The 
total weight of the component is 183 lb. 

Substantial economies in weight, and hence in 
running costs, have been achieved by adopting alu- 
minium in place of heavier materials, and the Grégoire 
car, developed in France during the past two or three 
years, has shown the cast aluminium-alloy body to be 
a practicable proposition. In this vehicle, aluminium- 
alloy castings are used for the dash, which is the main 
frame of the-car and includes the wheel spaces,and 
windscreen frame; the front support bolted to the 
dash ; two front side and two rear side members ; the 
differential case; gearbox; cylinder head, crank case, 
and other engine components. Even if many motor- 
dar bodies continue to be made as pressings, there are 





still many other semi-structural items and interior 
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fittings which could be produced more profitably as 
aluminium-alloy castings, particularly in transport 
lorries and public-service passenger vehicles. Motor 
cycles could be lightened with advantage, and the 
more extensive use of aluminium-alloy castings could 
contribute largely to this end. Aluminium-base 
bearings offer an interesting, but small and specialised, 
means of applying aluminium in engines for many 


urposes. 

In railways there has hitherto been little experience 
in this country with aluminium-alloy components for 
railway rolling stock, but recently the “ Trianon ” bar 
on the “ Golden Arrow ”’ has shown how aluminium 
castings can be used effectively in combination with 
other appropriate materials. In this field, as in marine 
applications, aluminium is in competition with brass 
and bronze rather than cast iron, and substantial 
economies should be possible when industrial designers 
and interior decorators appreciate the advantages of 
the new material. Simple substitution, such as by the 
use of the patterns made for other metals, is again not 
a satisfactory basis for developing new markets in these 
industries. 

The well-known—and often justifiable—conserva- 
tism of the transport and marine industries makes the 
adoption of aluminium-alloy castings for stressed 
members a rather long-term possibility, but, as lessons 
from the aircraft industry are learned, leading designers 
and far-seeing builders will find that reliance on 
aluminium-alloy castings is not misplaced. The alu- 
minium industry can do a great deal to expedite the 
change to light alloys, especially by making known all 
possible technical data on failures as well as successes 
in these fields, by giving recommendations only on a 
basis of proved life in similar service, and by insisting 
on quality ruling the ultimate decision rather than 


Machine-tool construction offers aluminium-alloy 
castings an entirely new field where hitherto cast iron 
has been used for all massive structural parts, such as 
beds and frames, with steel as the principal material 
for the mechanical components associated with driving 
and feeding. Ty iat aiemimnale castings for 
machine tools are ‘Mustrated in Figs. 4 and 5, on this 
page. The frame casting seen in Fig. 4 weighs approxi- 
mately 650 Ib., and measures 6 ft. by 3 ft. 11 in., by 
2 ft.3in. The bed-plate casting seen in Fig. 5 weighs 
1,200 lb. and its dimensions are 8 ft. by 5 ft. by 2 ft. 
Aluminium in wrought forms has made some progress 
for such items as covers, guards, levers, etc., but 
recently aluminium alloys have been adopted for large 
machine-tool castings. Thus, Fig. 6 shows an adjust- 
able chain beam for a double-ended tenoning machine, 
cast in alloy A.C.7. This casting weighs 364 lb. and is 
14 ft. 1 in. in length overall. 

Light weight, although an obvious advantage for 
hand tools—for which aluminium is already established 
~—is not regarded in the same way for machine tools, 
but overhanging portions, or massive parts which have 
to be moved frequently, or reciprocating mechanism, 
may well be cast in inium. alloys ; r; 








Fic. 7. Sanp-Cast Gas-Frre Front. 


there have been instances where existing floors were 
able to accommodate more machines of lighter con- 
struction, without additional strengthening or increased 
structural risk. The weight, therefore, while not being 
a determining factor in the choice of machine-tool 
materials, may deserve serious consideration in some 
cases. In practice, it has. been found that aluminium 
alloys may often be of the same section as the cast iron 
replaced, so that the saving in weight becomes some 
65 per cent., although for applications where rigidity is 
the determining factor, and where the cast-iron or steel 
a. that are replaced by aluminium have been 
ely designed, the weight saving may not exceed 
50 per cent. Aluminium-alloy castings exceeding half 
a ton in weight have already been made, corresponding, 
of course, to cast-iron components of 1} to 1} tons. 
Aluminium alloys, however, offer several definite 
advantages associated with machining, as shown, for 


example, in automobile components, and the cost. of 
finishing operations may be reduced by more than 
50 per cent. The greater dimensional accuracy and the 
better surfaces of aluminium-alloy castings contribute 











to a reduction in the machining required, and as 
aluminium alloys can frequently be run in thinner sec- 
tions than cast iron, a smaller total amount of machining 
is necessary. 

Aluminium has already been applied to lathes, 
several types of woodworking machinery, routers, 
radial drilling machines, drill chucks, and many small 
power-driven hand tools. Many items of textile 
machinery, particularly for reciprocating components, 
pulleys, reels, bobbins, etc., have proved satisfactory 
as aluminium-alloy castings. Progress in the use of 
aluminium alloys in mining equipment is also opening 
a new field for castings of the highest quality. 

Agricultural machinery presents rather difficult 
problems to the aluminium founder, as the cost of such 
equipment is low, and often there is little benefit if 
weight be reduced. Tractors and large equipment such 
as combine harvesters, particularly for use on heavy 
land should, however, respond to redesign in aluminium 
alloy, and there appears to be a small permanent 
market worthy of investigation here and in the allied 
industry of dairy products. 

Perhaps the most spectacular increase so far is in 
the building industry, where cast aluminium-alloy rain- 
water goods are already formidable competitors to the 
more conventional materials. Die-cast aluminium- 
alloy gutters, produced in the usual 6-ft. lengths, 
together with all the usual fittings, to excellent dimen- 
sional accuracy, have recently been recognised by the 
issue of British Standard No. 1430-1947. Cast alumi- 
nium-alloy window frames have made great—almost 
spectacular—progress, and further possibilities of ex- 
pansion in this field are apparent. 

Other aluminium-alloy building components now 

being produced in quantity as castings, include sills, 
air bricks, manhole covers, stair sections, ventilators, 
ornamental grilles, door and window furniture, and, to 
a limited extent, roofing tiles. Although wrought- 
aluminium alloys are being eo accepted for 
major stress-carrying components of buildings and 
structures of all kinds, little attention has been devoted 
to cast load-bearing members, In many respects the 
casting process offers the engineer an interesting chance 
to dispose the metal exactly where it is required accord- 
ing to calculations, and a careful design, combined 
with correct foundry technique, should allow com- 
gana costs to be attained. Complete roof trusses 
or small-span buildings, mhouses, garages and the 
like are specific examples for which castings might well 
be investigated, while high-quality cast components 
could be used in conjunction with wrought structural 
members for such items as cleats and junction fittings. 

With the move towards greater mechanisation and 
improved efficiency in the building industry, the low 
weight of aluminium is becoming more rapidly appre- 
ciated by contractors and operatives, considerable 
tonnages of aluminium alloy being used for cast 
shuttering and moulds for concrete. Aluminium cast- 


.ings are also being used for components of many hand 


tools, wheelbarrows, and other equipment, such as 
hoists. 
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In the domestic sphere new ay vali cast utensils, 
— pressure cookers, have m designed and 
uced, and the trend to aluminium castings started 
pnt cleaners is being followed by sewing 
machines, mincers and many similar pod re) ——_ 
equipment where low weight is quickly appreciated. 
Sinks and draining boards have been accepted follow- 
ing some two ’ usage in normal conditions, and 
& more recent development is the adoption of castings 
for and electric cookers where the reduction in 
we. has proved alsg beneficial to those installi 
such equipment. A gas-fire front, sand-cast in 
LAC 112A alloy, is shown in Fig. 7, on page 215. It 
measures 26 in. by 16} in. ; ight i 
and the finished weight 7-4 lb. 

Various items of garden and large-scale horticultural 
equipment have also a: in aluminium alloy, and 
again the noticeable reduction in weight of such tools 
as aluminium lawn mowers has been welcomed. Among 
the new uses developed in America is the cast alumi- 
nium-alloy coupling for hoses and aluminium irrigation 
pipe-lines. In the electrical industry has been 
made in the use of aluminium-alloy castings for motor 
casings and stator rings, switch boxes and covers, fuse 
boxes and various switchgear components. In the case 
of motors, the high thermal conductivity and thermal 
capacity of aluminium alloys are ul attributes. 

this ‘paper, some attempt has been made to 
survey the » present and possible future of alumi- 
nium and aluminium alloys in relation to the casting 
ind . History shows that the development of the 
aluminium alloys, although accelerated by the wees 
of emergency conditions, has on the is of 
rigorous scientific control, while the same strenuous 
conditions have themselves impdsed the greatest 
severity of test. To-day, the designer and user of 
aluminium on the one, hand, and the founder on the 
other, are keenly alive to possibilities, and there exists 
@ most encouraging spirit of mutual interest and 
co-operation. 





NOTES ON NEW BOOKS. 


Spotlight on Derby. Edited by W. R. Bawpen. Estates 
and Housing Director, Council House, Corporation- 
street, Derby. 

A Town bearing a name which is a household word 
wherever hats, horse-racing and porcelain are esteemed 
merits nothing less distinguished in the way of official 
handbooks than this comprehensive review of its 
activities and amenities. The “spot-light” picks out 
notable features in the Derby of history, and shines at 
length on the municipal services and varied industry 
of the modern county borough. In the Derby of to-day, 
engineering predominates in supporting a ——— 
of over 150,000, but the chemical, printing and textile 
trades also flourish alongside the miscellaneous business 
of an important railway centre and market town. This 
guide describes and illustrates them all in a way that 
will interest the general reader and should prove 
especially valuable to engineering firms at home and 
abroad. 


The Locomotives of theL.N.W.R. By H.F¥. F. Livesry. 
The Railway Publishing Company, Limited, 33, 
Tothill-street, London, 8.W.1. [Price 10e. net.] 

Ir the very mention of the old ‘“ North Western ” 

induces nostalgic memories in the mind of the reader, he 

will be glad to have this book, which is a chronological 
catalogue of that company’s locomotives; but if he 
is not yet a convert, he must first inquire elsewhere, 
because the author confines his imaginative writing to 

a short introduction. The main body of the book sets 

out the locomotive numbers, names, brief particulars, 

and the services for which they were used. When the 

London and North Western Railway Company was 

formed in 1846, Francis Trevithick (son of Richard) and 

Alexander Allan were at Crewe in charge of the north- 

ern-division engines, John Ramsbottom was at Long- 

sight in charge of the north-eastern division engines, 
and J. E. McConnell was at Wolverton in charge of the 
southern-division engines. The Grand Junction loco- 
motive works had been moved from Edge Hill to Crewe 
in 1843, and after the Longsight works had been closed 
in 1857 and the Wolverton works closed for locomotive 
building in 1861, all loeomotive work was concen- 
trated at Crewe. Mr. Livesey reviews the building for 
the years 1846 to 1861 and then deals with Crewe work 
year by year, going beyond the amalgamations of 1923 
to follow the fate of the ex-L.N.W.R. locomotives. He 
acknowledges his debt to the numerous authorities from 
whom his information has been drawn, and confines his 
writing to little more than the bare catalogue of loco- 
motives. Mr. Charles E. Lee contributes a foreword, 
and there are some photographic illustrations rangin 
from the early “‘ singles” to the handsome “‘ Claughtons.”’ 





RUBBER PRODUCTION.—The world production of 
natural rubber-in April totalled 127,500 gross tons, 
compared with 122,500 tons in March. 





CATALOGUES. 


Photo-Elastic Polariscope—A pamphlet illustrating 
and describing a photo-elastic polariscope, designed by 
Dr. J. Ward, B.Sc., M.I.Mech.E., for stress analysis on 
transparent-celluloid models, has reached us from the 
makers, the Norwood Engineering Company, Birkby, 
Huddersfield, Yorkshire. 

Mobile Cranes.—A leaflet received from Messrs. Steels 
Engineering Products, Limited, Crown Works, Sunder- 
land, describes 1-ton, 3-ton and 6-ton Coles mobile 
cranes, and 3-ton and 6-ton lorry-mounted cranes. They 
are operated by petrol-driven or Diesel-driven generators 


- | with independent t for the various motions. 





Sheet-Metal and Woodworking Machinery.—A sub- 
stantial catalogue of 176 pages has been prepared by 
Messrs. F. J. Edwards, Limited, 359-361, Euston-road, 
London, N.W.1. It gives particulars, with some illus- 
trations, of thousands of machines and accessories, mostly 
second-hand, which can be supplied from stock for the 
sheet-metal working, woodworking and allied industries. 


Cement-Making Machinery.—We have received two 
catalogues in a single folder issued by Messrs. Vickers- 
Armstrongs Limited, Barrow-in-Furness ; one dealing with 
cement-making machinery generally, and the other with 
rotary kilns and coolers for the wet and dry processes of 
cement manufacture. The first describes the resources 
of the firm and its associated companies for this type of 
work, both in this country and in Australia, and the 
second deals in some detail with constructional methods. 


Valves.—We have received from Messrs. Hopkinsons 
Limited, Britannia Works, Huddersfield, a series of 
catalogues, with a convenient binder to hold them. 
Some of the components described are: boiler valves and 
mountings, including safety-valves, stop-valves, water- 
gauges and pressure-gauges ; steel valves up to 14 in. ; 
non-return and isolating valves ; steam traps; “‘ Hylif” 
safety valves; and numerous types of regulating and 
control apparatus, operated by electric, thermostatic, and 
other methods. 


Sealing Porous Castings.—The advantages of a novel 
system of sealing porous ferrous or non-ferrous castings 
are described in a leaflet issued by the Pulsometer 
Engineering Company, Limited, Nine Elms Iron Works, 
Reading. With the Pulsometer pr [> ay is 
created on one side of the porous casting, and a special 
resin on the other side is allowed to impregnate the 
casting. The process has been applied to a great variety 
of castings, some of which have been required to withstand 
pressures up to 1,200 Ib. per square inch. 


Counting and Numbering Devices.—Messrs. English 
Numbering Maehines, Limited, 38, Barrett’s-grove, 
London, N.16, have prepared a series of leaflets on their 
counting and numbering devices. Among the types 
illustrated and described are counters for recording 
revolutions, oscillations, the output of pumps, lineal 
movements, etc.; a useful device, called a “ hand 
tally,” for counting objects, or operations as in time 
study; a photo-electric counter; and various types of 
hand-printing numbering and dating devices. 


Street Lighting.—The third edition of a well-illustrated 
catalogue dealing with the electric street-lighting equip- 
ment made by them has been issued by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. This includes full descriptions of the 
various types of lanterns for filament, high-pressure mer- 
cury vapour, sodium and fluorescent lamps ; details of the 
different patterns of brackets and accessories; and data 
regarding the lamps themselves. Numerous. illustra- 
tions showing the practical application of this equipment 
are reproduced. 

Weighing Machines, Shop and Ship Fittings.—The 
company now known as Messrs. W. and T. Avery, Limited, 
Soho Foundry, Birmingham, 40, was founded 218 years 
ago by a steelyard maker named Ford, and they acquired 
the famous Soho Foundry—associated with the names of 
Boulton and Watt—in 1895. A booklet issued by the 
firm gives a brief historical review, and an account of 
their present products, and those of their associated 
companies. These include equipment for shop and ship 
fitting, refrigerators, petrol pumps, etc., in addition to 
their well-known weighing and testing machines. 


Adjustable Spanners and Pipe Wrench.—A pamphlet 
giving particulars of the “ Grip Adjustable ” tools, for 
which they are the selling agents, has come to hand from 
International Engineering Ooncessionaires Limited, 
254, Kensington High-street, London, 
spanners dealt with are made in three sizes, of 4-in., 6-in., 
and 9-in., overall length, respectively, the two smaller 
sizes having bodies of zinc-base alloy with hardened-steel 
jaws, while the 9-in. size is of hardened steel throughout. 
The pipe wrench is 11 in. in length. In all cases the 





& | adjustable jaw is moved by turning a knurled sleeve at 


the end of the body, the sleeve being slotted in the smaller 
sizes so that the jaw can be tightened-up with the aid 
ofacoin. In the larger sizes a hole is drilled through the 
sleeve to enable a tommy bar to be used for the same 
purpose. 





BOOKS RECEIVED. 


Soil Mechanics. Its Principles and Structural Applica- 
tions. By Doarrt P. KRYNINE. Second edition, 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 5.50 dols.} 
McGraw-Hill Publishing Company, Limited, Aldwych, 
London, W.C.2. [Price 33s.] 

The Philosophical Magazine. Natural Philosophy Through 
the Eighteenth Century and Allied Topics. Commemora- 
tion Number to Mark the 150th Anniversary of the 
Foundation of the Magazine. Edited by Attn 
FErGuson. Taylor and Francis, Limited, Red Lion- 
court, Fleet-street, London, E.C.4. [Price 15s.] 

Electricity Commission. Electricity Supply, 1945-46. 
Return of Engineering and Financial Statistics Relating 
to Authorised Undertakings in Great Britain for the Y ear 
1945-46. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 21s. net.] 

Lloyd’s Register of Shipping. Steamers Motorships, 
Sailing Vessels, etc. In two volumes. Volume I, 
AtoL. VolumelIIl. MioZ. Offices of the Register, 
71, Fenchurch-street, London, E.C.3. [By sub- 
scription. ] 

Model Jet Reaction Engines. With Notes on Suitable 
Models for Jet Engines. By COLONEL C. E. Bownen. 
Percival Marshall and Company, Limited, 23, Great 
Queen-strevt, Kingsway, London, W.C.2. (Price 
3s. net.] 

Forest Research Institute, Dehra Dun, United Provinces. 
Bulletin No. 127. Interim Report on the Pulping 
Qualities of Crushed and Uncrushed Bamboo Chips. 
By M. P. BHarGava and CnatraR SINGH. Director, 
Forest Research Institute, Dehra Dun, United Pro- 
vinces. [Price 9 annas or 10d.] 

The Swedish Cement and Concrete Research Institute. 
Proceedings. No. 11. Report of the Director for the 
Period July 1, 1946, to June 30, 1947. In Swedish, 
with brief English summary. Offices of the Institute, 
Stockholm 26, Sweden. [Price Kr. 5.] 

Council for Scientific and Industrial Research, Australia. 
Bulletin No. 212. The Frictional Properties of Lead- 
Base and Tin-Base Bearing Alloys: the Role of the 
Matriz and the Hard Particles. By Dr. D. Tasor. 
Bulletin No. 229. Studies in Cement-Aggregate 
Reaction. Bulletin No. 230. The Preparation and 
Properties of Aluminium Fluoride. By T. R. Scorr. 
Offices of the Council, 314, Albert-street, East Mel- 
bourne, Victoria. 

United States National Bureau of Standards. Applied 
Mathematics Series No.1. Tables of the Bessel Func- 
tions Y,(z), ¥, (x), Ky (x), K, (x) 0 S21. Superin- 
tendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C., U.S.A. [Price 35 cents.] 

International Association for Bridge and Structural 
Engineering. Publications. Eighth volume. 1947. 
A.-G. Gebr. Leemann & Co., Stockerstrasse 64, Ziirich. 
[Price 35 Swiss francs.] 

Das Cross’sche Verfahren cur schritiweisen Berechnung 
durchlaufender Trager und Rahmen. By Dnr.-Ina. 
WOLFGANG DERNEDDE. Edited by PROFESSOR A. 
MOLLENHOFF. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 12 R.M.] 

Belastungsglieder. By PROFESSOR DRr.-ING. ADOLF 
KLEINLOGEL. Seventh edition. Wilhelm Ernst und 
Sohn, Hohenzollerndamm 169, Berlin-Wilmersdorf, 

[Price 7-80 R.M.] 

Elementary Industrial Electronics. By Wrt1aM R. 
WELLMAN. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
4 dols.] Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 22s. net.] 

Transmission Circuits for Telephone Communication : 
Methods of Analysis and Design. By K. 8. JOHNSON. 
Reprinted. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
5 dols.}] Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 27a. 6d. net.] 

Questions and Answers on Refrigeration. By M. E. 
ANDERSON. George Newnes Limited, Tower House, 
South ton-street, London, W.C.2. [Price 5s. net.] 

Elementary Tel icati Practice. By W. T. 
PEREINS. George Newnes, Limited, Tower House, 
aT London, W.C.2. [Price 12s. 6d. 
net. 

The Reinforced Concrete Association. Technical Paper 
No.6. Shell Concrete Construction. By H. G. Cousins. 
Offices of the Association, 94-98, Petty France, London, 
8.W.1. [Price 2s. 6d.] 

Mechanical World Monographs. No. 42. The Measure- 
ment of Fluid Pressure. By J. R. Fawoetr. (Price, 
2s. net.] No. 45. Speed Control of Electric Motors. 
[Price 2s. 6d. net.] Emmott and Company, Limited, 
31, King-street West, Manchester, 3. 

The Institution of Civil Engineers. Deterioration of Struc- 
tures of Timber, Metal, and Concrete Exposed to the 
Action of Sea-Water. Nineteenth Report of the Com- 
mittee of the Institution. By J. Bryan. William 
Clowes and Sons, Limited, Little New-street, London, 
E.C.4. [Price 5s., post free.] 
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THE MACHINE TOOL AND ENGINEERING 
EXHIBITION AT OLYMPIA. 


(Continued from page 204.) 








Arrer only a fortnight in which to prepare 
stands and move about 3,000,000/. worth of machine 
tools into the Grand, National and Empire halls 
at Olympia, the Machjne Tool and Engineering 
Exhibition, which we commenced to describe last 
week, opened on Thursday, August 26. It is cer- 
tainly an impressive display, and the absence of a sea 
of stand superstructures, vying with each other in 
loftiness and elaboration, leaves the visitor feeling 
that he is equal to the task of touring the exhibition, 
despite the complexity and abundance of the 
exhibits. About a quarter of the 200,000 sq. ft. of 
stand space is occupied by machines from overseas, 
and, as is usual, most of the exhibits are shown 
in operation. There is quite a number of electronic- 
ally-controlled machine tools, but at least one 





one roof the latest production methods, so that, 
in making forward plans, lay-outs and future 
replacements could be based on the most up-to-date 
knowledge of what was available. Mr. Goddard 
went on to say that the Government had set the 
machine-tool industry a standard of production 
by the fact that they had fixed an export target 
of 20,400,000/. per annum, which represented 
60 per cent. of production. 

The Rt. Hon. G. R. Strauss, P.C., M.P., Minister 
of Supply, speaking at the same luncheon, said that 
he did not accept for a moment the old argument 
that, by sending machine tools abroad, we were 
enabling other countries to compete with us and 
damage us. If we, in this country, were to prosper 
others must prosper too, and prosperity would not 





machines. Messrs. John Lund, Limited, Eastburn 
Works, Cross Hills, near Keighley, are showing 
eleven machines, including some of their ‘‘ Precimax” 
grinding and boring machines. Fig. 25, on this 
page, shows the M.P.B. 14/40 cylindrical grinding 
machine, which is one of the largest of that type. 
The designation 14/40 indicates the maximum 
diameter of work that can be ground when the wheel 
is new, which is 14 in., and the maximum length 
of work, 40 in. The type M.P.B. machine is also 
made in several alternative sizes. It is normally 
equipped with a grinding wheel 24 in. in diameter, 
but can employ a 26-in. wheel if required. The 
machine shown at the exhibition has one of the 
larger wheels, 7 in. in width. The table traverse 
is operated hydraulically, by a single cylinder, in 














Fig. 25. .PLary CyLtinpricaL Grinping Macurne; Messrs. JoHN 


important firm, after much trial of such systems, 
is of opinion that there is little to be gained in 
adopting them for the general run of machines. 
There is quite a ‘‘lot in a name,” however, even 
to engineers, and, for a short time at least, this factor 
is bound to influence policy. 

It may seem strange that the machine-tool 
industry, which is not altogether happy about 
exporting 60 per cent. of its production, and is very 
fully occupied in satisfying current orders, should 
stage at this time an exhibition which takes months 
to prepare. Mr. J. Holland Goddard, President 
of the Machine Tool Trades Association, met this 
potential criticism in a speech at the luncheon on 
the opening day. He said that, obviously, one 
of the objects of the exhibition was the promotion 
of sales of machine tools, but there was another, 
and perhaps even more important object, which 
was to give to production engineers an opportunity 
of obtaining guidance for their. forward production 
planning. Although a high proportion of machine 
tools were on “long delivery,” it was a great 
advantage for engineers to be able to study under 





be achieved without high industrial productivity. 
Deliberately to prevent other countries from 
achieving prosperity by refusing to sell them 
the machine tools they needed would not only 
be wholly ineffective, because others would eventu- 
ally provide the machine tools that we withheld, 
but would be contrary to our basic policy of “‘ maxi- 
mising ” the flow of world trade between all coun- 
tries. Mr. Strauss said that it was now almost 
certain that in 1948 the total output of new metal- 
working machine tools would exceed 30,000,000/. in 
value; the output in 1935 was worth 6,500,000I. 
Wood-working machines were expected to reach 
5,000,0007. this year, compared with less than 
1,000,0007. in 1935. After consultation with the 
Machine Tool Advisory Council, who advised and 
assisted his department on all relations with the 
industry, each firm had been asked to strive towards 
a particular level of exports, fixed in each case after 
consultation with the firm, and having regard to the 
nature of their product. 

In the account of the Exhibition in this issue we 
propose to deal first with some of the grinding 











Lunp, Lire. 


the case of machines accommodating work up to 
80 in. in length, and by a double cylinder in longer 
machines. Movement of a lever controls the rate 
of traverse between 9 in. and 190 in. per minute, 
and the length of traverse can be reduced to 0-3 in. 
when plunge grinding. 

The wheelhead is also fed into the work hydraulic- 
ally, either continuously at any desired rate for 
plunge grinding with the table stationary or oscillat- 
ing, or intermittently for traverse grinding, the 
feed in this case having a range of from 0-0001 in. to 
0-001 in. in steps of 0-0001 in. A quick approach 
and withdrawal movement of the wheelhead is 
provided. This facilitates gauging, loading and 
unloading of the workpieces. A 3-h.p. motor 
rotating at 750 r.p.m. drives the hydraulic system 
pump. To enable the operator to have both hands 
free for the work, the type M.P.B. machine is norm- 
ally iitted with a hydraulically-operated tailstock 
controlled by a pedal. An interlock is provided 
to prevent the tailstock from being released while 
the machine is in motion. 

The machine is normally supplied with a dead- 
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centre workhead. The one exhibited, however, is 
fitted with a live centre which allows face grinding 
at 90 deg. to the line of the table. The workhead 
is driven by a variable-speed alternating-current 
commutator motor of 3 h.p., giving a range of speeds 
from 17 to 170 r.p.m. The grinding wheel is driven 
by a 15-h.p. motor running at 1,500 rpm. The 
spindle is of Nitralloy, running in lead-bronze bear- 
ings ; the makers state that a film of lubricating oil 
under pressure is built up by the rotation of the 
spindle forcing the oil along tapering grooves. End 
thrust is taken by two pre-loaded precision ball 
bearings, mounted back to back and housed at the 
pulley end of the spindle. 

A hydraulically-operated wheel-truing device is 
mounted on the machine table behind the tailstock. 
A spring-loaded top slide, carrying several diamonds, 
is set at an angle of approximately 45 deg. to the 
base slide. This allows the corners of the wheel 
to be trued accurately to a right-angle with only 
one movement of the hydraulically-operated base 
slide. The truing movement is very smooth, 
thus ensuring a high finish on the workpiece. There 
are several advantages in mounting the wheel-truing 
device on the table behind the tailstock: the 
diamonds occupy the same position relative to the 
wheel as the workpiece; they can be set per- 
manently for the correct size of the workpiece ; 
the operator can watch the truing process from his 
normal position ; and, apart from a fine adjustment 
of the diamonds to set them for the correct diameter 
and compensate for any slight wear on them, 
there is no need for any screw adjustment to make 
up for the wear of the wheel, since the wheelhead 
feed screw allows for this. The machine is also 
equipped with taper-grinding facilities, and a 
water-cooling system. 

The U.P.H.-type Lund universal grinding ma- 
chine, illustrated in Fig. 26, on this page, is one of a 
series of generally similar grinders intended not only 
for general tool-toom work but also for continuous 
and rapid production. It will swing work 10 in. in 
diameter over the table, and is 18 in. between centres, 
although there are other standard sizes up to 15-in. 
swing and 72 in. between centres. The external- 
grinding wheel is 12 in. in diameter and 1 in. to 2 in. 
wide. The wheelhead can be pivoted through 
180 deg. to bring into operation an internal-grinding 
wheel which will grind a bore up to 6 in. in diameter. 
The wheelhead is driven by a 3-h.p. motor running 
at 3,000 r.p.m., and the same type of spindle 
bearings are used as on the M.P.B. plain cylindrical 
grinding machine. Pulleys are fitted at both ends 
of the motor spindle, driving both grinding-wheel 
spindles by V-belts. The swivelling base of the 
wheelhead is accurately indexed and can be set 
at any angle relative to the table. 

A continuous in-feed mechanism for the wheel- 
head is provided ; the rate of feed can be varied up 
to 0-75 in. per minute. Wheels up to 2-in. wide 
can be used for plunge grinding. The feeds for 
traverse grinding are between 0-0002 in. and 0-002 
in. on the diameter, in steps of 0-0002 in. As on 
the cylindrical-grinding machines, rapid approach 
and withdrawal of the wheelhead are provided. 
The hydraulic system is driven by a 1-h.p. motor 
running at 1,000 r.p.m. The table of the machine 
carries a workhead and a tailstock, and can be 
swivelled through 5 deg. The workhead can be 
used with a live or dead centre; it carries a four- 
jaw independent chuck and can be rotated through 
90 deg. about a vertical axis for taper grinding, 
using the chuck. A fixed stop enables the head to be 
re-set rapidly in line with the table, and an adjust- 
able stop is useful for re-setting the head to a pre- 
determined angle. Power for the workhead is pro- 
vided by a variable-speed alternating-current com- 
mutator motor of 0-06 to 0-6 h.p., running at 450 
to 4,500 r.p.m. The speed of the workhead spindle 
is regulated by a conveniently-placed handwheel 
connected to an induction regulator mounted inside 
the bed. In machines of this type that have 
been built recently the workheads have been 
equipped with electronic motor controls, an example 
of which is being shown at Olympia. Coolant 
for the machine is supplied from a 30-gallon tank 
by a motor-driven pump which delivers 6 gallons 
per minute. Within a few seconds, all the control 
levers can be interlocked, so that the manual 
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Fie. 27. Lanpis CamsHart-Grinpinc Macntne ; Messrs. Burton, GRIFFITHS AND Company, LIMITED. 


effort required for operating the machine is reduced | machine, illustrated in Fig. 27, above, is being 
to moving a lever to start the grinding process, and | exhibited by Messrs. Burton, Griffiths and Company, 
pressing a button to stop the machine when a feed | Limited, Mackadown-lane, Marston Green, Birming- 
dial reaches a stop. ham. It is made by the Landis Tool Company, 

A 5-in. Type-DH hydraulic camshaft-grinding | Waynesboro, Pennsylvania, U.S.A., in three sizes, 
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Fie. 28. 10-ry. PLrary Grinpinc Macutne; CHurcei~tt Macuing Toot Company, Limirep. 


to accommodate camshafts up to 26 in., 30 in. and 
40 in. between centres, respectively, the maximum 
swing being 54 in. The principle of the machine is 
that the camshaft to be ground is driven between 
centres, on a rocking cradle, by a spindle which is 
in the form of a master camshaft having, however, 
different proportions from those of the workpiece ; 
the master camshaft (which bears on a fixed-axis 
roller), and with it the workpiece, is rotated and 
rocked until the work has acquired the correct 
dimensions, when it is withdrawn. The truing of the 
wheel and the compensating feed are accomplished 
automatically between the grinding of one camshaft 
and the next. 

A master camshaft is made for each type of cam- 
shaft to be ground. It is checked by grinding the 
first camshaft in the machine, using the master 
shaft. The first workpiece is then measured in a 
separate apparatus which gives readings of the lift 
of each cam to within +0-000025 in. for each degree 
of rotation. The angular setting is determined to 
within an angle of 1 minute. Assuming the master 
shaft passes this indirect inspection it is then used 
for production in the machine. As already noted, 
it becomes the workhead spindle, and rotates in 
cap-type cast-iron bearings at 30 or 60 r.p.m. It 
is driven by a 1-h.p. two-speed motor through V- 
belts. Braking is controlled by a plugging switch 
which is built into the drive, and a switch operated 
by an adjustable cam forming part of the master 
camshaft causes the head to stop with the cradle in a 
convenient position for loading at the end of the 
cycle. The V-belt drive is arranged so that the final- 
drive pulley mounted on the master shaft can oscil- 
late to maintain the tension in the belts while the 
shaft rocks. A dog clamped to the end of the 
master shaft drives the workpiece. 

Each cam of the master shaft bears, in turn, on a 
roller at the back of the workhead, the roller being 
located by a mechanism which is actuated by the 
movement of the work table on the bed of the 
machine. The rocking work cradle is supported on 
Timken roller bearings at both ends of the master 
shaft and at the tailstock. As the master shaft 
rotates in contact with the roller, a rocking motion 
is imparted to the cradle, and thus the workpiece 
is moved in relation to the grinding wheel. When 
one cam has been ground, the cradle is moved away 
from the roller by hydraulic power while the work 
carriage, on which the workpiece, cradle, etc., 
are mounted, is traversed for grinding the next 
cam. The roller is indexed simultaneously and 
then the cradle is returned to the grinding position 
under spring tension. All these operations are 
carried out automatically, the operator not being 
required to touch the machine from the moment he 
places the camshaft between centres until all cams 
have been ground. Up to 0-120 in. can be removed 
at one pass. 

The workpiece is supported at several points 





by work rests with hardened-steel bushes (only one 
rest is shown in use in Fig. 27). The grinding 
wheel is usually 24 in. in diameter and 1 in. thick, 
although wheels up tg} # in. thick can be accommo- 
dated and automatmally dressed. It is driven 
at 1,000 r.p.m. by a 7}-h.p. motor running at 
1,750 r.p.m., through V-belts. The grinding-wheel 
spindle is mounted in self-aligning bearings, and will 
reciprocate for dressing the wheel. The wheelhead is 
mounted on a slide with V- and flat-ways, and is 
provided with a hand-operated feed for setting up 
and adjusting the size of the finished camshaft. 
This hand feed is automatically operated during 
the wheel-dressing cycle to compensate for the 
reduction in the size of the wheel. When grinding 
a cam the wheelhead is fed in hydraulically— 
rapidly at first, until about to come in contact with 
the work, then at the pre-determined grinding-feed 
rate. The wheel-dressing diamond is mounted 
vertically above the axis of the wheel, and is tra- 
versed twice automatically across the wheel at the 
end of the grinding cycle. The feed of the diamond 
is also automatic. 

The hydraulic system is supplied with oil from a 
pump driven by a 3-h.p. motor. The indexing 
movements of the machine cycle are maintained 
constant by a mechanism which compensates for 
variations in the temperature of the oil. The bed 
of the machine contains a reservoir for the hydraulic- 
system oil, and a tank for the coolant. The main 
carriage or slide traverses longitudinally on V- and 
flat-ways, and is surmounted by a “swivel table ” 
which can be pivoted slightly about a vertical axis. 
The work-carriage ways are lubricated continuously 
with filtered oil from the hydraulic reservoir. The 
weight of the machine, including electrical equip- 
ment, depends on the length between centres, but is 
from about 150 to 155 cwt. 

The Churchill Machine Tool Company, Limited, 
Broadheath, near Manchester, are showing elevén 
types of grinding machines, some of which have been 
described in Enarnezrmne already. The model 
HBB automatic-sizing internal-grinding machine 
was dealt with on page 417, of our previous volume ; 
and the model DCY crankpin-grinding machine 
was described on page 9 of the same volume. The 
crankpin-grinding machine permits a maximum 
swing over the table of 14 in., and the maximum 
length of crankshaft that can be accommodated 
is 36 in. The grinding cycle is automatic, the 
operator simply traversing the crankshaft to bring 
each crankpin in line with the grinding wheel in 
turn. Perhaps the most interesting machine, 
however, and certainly the most recent, is the 
model BW plain grinding machine, with the firm’s 
new “ Fulcro-Sizer” feed to the workhead; this 
machine is illustrated in Fig. 28, on this page. 
This system is a radical departure from conventional 
methods of controlling the finished size of the work- 
piece, and provided the latter is of reasonable 











to within + 0-00005 in., without any external sizing 
gauges. Nevertheless, the machine is intended for 
high production rates; for instance, a workpiece 
from which 0-005 in. is to be removed can be com- 
pleted in 7 or 8 seconds, the whole cycle of operations 
being automatic. 

Unlike many machines of this type, the wheelhead 
is fixed to suit the diameter of the workpiece, and 
the latter is moved towards the wheel. It was 
felt that a conventional slide with V- or flat-ways 
was not entirely satisfactory when it was required 
to be advanced in increments of less than a thou- 
sandth of an inch. The workhead and tailstock 
therefore have been mounted on an upper table 
which is rocked towards the grinding wheel on a 
knife-edge fulcrum, the axis of which is longitudinal, 
ie., parallel to the workpiece axis and below it. 
The upper table, which is supported by a normal 
main table, is recked towards the wheel by a 
toggle linkage. This linkage is enclosed by the 
cover visible in Fig. 28 in the centre of the machine 
immediately above the main controls apron, 
and is actuated by a rod which is pulled by a 
mechanism mounted on the right-hand end of the 
main table. When the toggle linkage has been 
pulled to an in-line position, the workpiece has 
reached the limit of its travel towards the wheel, 
and, after a suitable dwell period, has been ground 
to the correct size. Owing to the toggle action, the 
feed of the workpiece is suitably diminished from a 
comparatively fast feed at first to zero feed for the 
dwell period. This action, combined with the 
knife-edge bearing of the upper table, ensures 
consistent accuracy of the finished workpiece. 

The cycle of operations is as follows : the operator 
places the workpiece on a rest which is mounted 
on the upper table between the centres and then 
moves a control lever; thereafter the cycle is 
automatic. The tailstock centre is advanced and 
picks up the workpiece ; simultaneously, the work 
begins to rotate, the supply of coolant is started, 
and the “ Fulcro-Sizer” commences to feed the 
work by rocking the upper table towards the grind- 
ing wheel. When the work has reached the limit 
of its travel, a red light glows for the period of dwell, 
after which the upper table returns to the loading 
position, the rotation of the work ceases, the coolant 
is cut off, and the tailstock centre is withdrawn, 
leaving the workpiece on the rest. The period of 
dwell is pre-set, and can be anything from zero 
to a few seconds. Provision is made for compen- 
sation for wheel wear during the run of the work, 
and also for the initial fine setting of the wheelhead. 
The machine will swing work up to 10 in. in diameter 
and 36 in. in length. The workhead speed is 
controlled electrically, and all controls are enclosed 
in the large apron, which can be seen on the front 
of the machine in Fig. 28. 

From time to time we have dealt in ENGINEERING 
with the interesting developments, particularly 
in centreless grinding, due to Messrs. Arthur 
Scrivener, Limited, Tyburn-road, Birmingham, who 
are exhibiting a number of machines at Olympia. 
The No. 2 centreless grinder shown is equipped 
with an automatic rotary hopper, which is described 
later in connection with a centreless thread grinder, 
capable of feeding up to 30,000 small cylindrical 
pieces an hour. The machine is fitted with a grind- 
ing wheel, 20 in. in diameter and 6 in. wide, the main 
drive being provided by a 20-h.p. motor. The No. 2 
controlled-cycle centreless grinding machine is shown 
in use with a magnetic device for loading formed 
workpieces, i.e. pieces with a head, collar, etc. In 
such cases it is necessary to provide feed for both 
the wheel and workpiece, and to load and eject the 
latter. The magnetic loader consists of an arm 
pivoted at one end and with an electromagnet at 
the other. The arm swings over, the magnet is 
energised and picks up a headed workpiece; the 
arm, then swings back and lays the piece on the 
work-plate between the grinding wheel and the 
control whéel. These movements are synchronised 
with the controlled cycle of the machine. For 
formed, work, the machine is provided with a form- 
truing attachment for each wheel. Two other 
machines exhibited by Messrs. Scrivener are a No. 
1D centreless grinding machine, and a similar 
machine with the controlled-cycle mechanism for 
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plunge-grinding. Both machines are equipped 
with a grinding wheel 12 in. in diameter and 3 in. 
wide, and will produce workpieces truly cylindrica 
and parallel within a total limit of 0-0001 in. over 
the full width of the wheel. A machine of a different 
type is the No. 1 Scrivener profile-turning lathe, 
which machines cams and many other profiles. 
The machine exhibited is tooled for an eight-lobe 
camshaft for a 10-h.p. engine, the floor-to-floor 
time being three minutes. It will machine cams 
up to 3 in. in diameter with a maximum lift of 
din. 

The Herbert-Scrivener centreless thread-grinding 
machine shown in Figs. 29, 30 and 31, on this page, 
is made by Messrs. Arthur Scrivener, Limited, and 
sold by Messrs. Alfred Herbert, Limited. It em- 
bodies patents on the process held by both firms, the 
development of it having been commenced in 1934. 
The machine is made either for straight-through 
grinding of pieces without heads or for both straight- 
through grinding and plunge work. The machine 
is suitable for feed grinding from the solid in 
almost any material; automatically feeding and 
co-relating pre-formed screw threads, and correcting 
them; plunge grinding of headed pieces from the 
solid ; and grinding headed pieces with pre-formed 
threads. 

In the case of continuous thread-grinding of 
cylindrical pieces, the work is fed by a rotary 
hopper. A rotating disc in a shallow drum causes 
the pieces to pass out in line on to an inclined 
guide terminating at the work-plate between the 
grinding wheel and the control wheel. This hopper 
is shown in Fig. 30, and is mounted at the “‘ back ” 
of the machine—the “front ’’ being the side shown 
in Fig. 29. The grinding wheel is 20 in. in diameter 
and 6 in. wide, and is formed with a series of grooves 
on the face, the shape and size of which depend on 
the type of thread to be ground. Fig. 31 shows the 
crushing unit which is housed in the left-hand side 
of the machine (Fig. 29). It consists of a 1-h.p. 
motor driving a crushing roller, 6 in. in diameter 
and 6 in. long, the whole mounted on a slide and 
advanced towards the grinding wheel by a hand- 
wheel and screw. The grinding wheel is quickly 
dressed by this method. The grinding-wheelhead 
is mounted on a pivot so that it can be set with 
the wheel axis at a slight angle to the horizontal, 
to conform with the helix angle of the thread being 
ground. It is driven at 1,140 r.p.m. by a 20-h.p. 
motor housed in the base of the machine, through 
several V-belts. The control wheel is plain, i.e., 
not formed with grooves, its function being to 
control the speed of rotation and feed of the piece. 
The control-wheelhead is mounted so that it 
can be set at a slight angle for this purpose. The 
wheel is 14 in. in diameter and 6 in. wide, and is 
driven by a 1-h.p. variable-speed motor, which, in 
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conjunction with a gearbox, provides a wide range 
of speeds from } to 280 r.p.m. in 48 steps. The 
machine is suitable for work between ¥ in. and 
1 in. in diameter, but with special equipment it can 
accommodate work up to 4 in. in diameter; it will 
grind from 32 to 8 threads per inch, left- or right- 
hand, up to a maximum helix angle of 6 deg. A 
typical rate of production for grinding screw threads 
from the solid on straight cylindrical blanks is 1,200 
per hour in the case of set-screws } in. in diameter by 
1 in. long with 20 threads per inch. When headed 
pieces are to be screwed, they are ground by 
advancing the piece against the grinding wheel, 
and during this plunge, or in-feed, the form of the 
screw is obtained in 1} revolutions of the workpiece. 

The Gear Grinding Company, Limited, Shirley, 
Birmingham, are exhibiting a  spline-grinding 
machine and several gear-measuring and gear- 
grinding machines, including one of their latest 
developments, the Orcutt helical gear-grinding 
machine, model H.K. III, a photograph of which 
is reproduced in Fig. 32, opposite. This grinder 
uses formed wheels, and is the outcome of about 
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twelve years development. The helix is generated 
by means of an inclinable straight edge, and particu- 
lar attention has been paid to rigidity and balance. 
The complete machine weighs over 9 tons, is 8 ft. 
high, and covers a floor space approximately 10 ft. 
long by 5 ft. wide. Its cast-iron frame comprises 
three sections, dowelled together to form a rigid 
body, which is normally transported as a single unit. 
The worktable carrying the gear wheel to be ground 
is arranged on the right-hand side facing the 
Operator, and the carriage on which the grinding 
wheel and its driving motor are mounted, slides in 
horizontal guides set on the top of the machine. A 
handwheel for giving micrometer adjustment to the 
height of the grinding wheel, and consequently the 
depth of cut, is fitted at the front of the carriage 
within easy reach of the operator. Coarse adjust- 
ment is also provided, and is made from the top 
of the carriage. All machine motions, except the 
depth of cut adjustment, are automatic, and are 
hydraulically operated. 

The gear wheel to be ground is held on an arbor 
between centres on the worktable. A carrier which 
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fits into the index head is attached to one end of the 
arbor; the other end fits into a tailstock centre. 
The grinding wheel is trued by a pantograph mechan- 
ism on the left-hand side of the machine. This 
mechanism may be pivoted up to 45 deg. on either 
side, so that once the grinding wheel has been set to a 
particular angle it can be locked, and traversed from 
the gear wheel to the truing mechanism. It can 
also be adjusted for height to suit different diameters 
of gear wheels. By turning a small dial on the 
front of the machine the carriage and grinding 
wheel are moved automatically to several truing 
positions : the first turn brings the wheel up to the 
truing position, the second gives a coarse dressing, 
the third a fine dressing, the fourth dresses the 
periphery of the wheel, and a fifth turn returns the 
carriage to the grinding position. The machine 
can grind gear wheels up to 12 in. diameter. A 3-h.p. 
motor, running at 1,450 revolutions per minute, 
is provided for the oil pump, which supplies oil at a 
pressure of 100 lb. persquare inch to a reservoir, 
whence it is fed through reducing valves to the 
worktable and carriage. The grinding wheel is 
driven directly by a 2-h.p. motor at 2,800 r.p.m. 

It was mentioned on page 195 of our last week’s 
issue that, in addition to machines of their own 
manufacture, Messrs. Alfred Herbert, Limited, 
Coventry, are also showing several machines im- 
ported from the United States. One of these 
machines is the gear-shaver illustrated in Fig. 33, 
on page 222, which is manufactured by the Fellows 
Gear Shaper Company, Springfield, Vermont, 
U.S.A. The machine has been designated the 
No. 8 Fellows ‘Full-Tool” gear-shaver and it 
introduces a new principle into the cross-axes 
method of shaving external spur and helical gears. 
This principle consists mainly of setting the axis of 
the work at an angle relative to the tool reciproca- 
tion instead of parallel to it, as hitherto. Several 
advantages are claimed for this method; for 
example, cutting is distributed over a greater area of 





the face width of the tool compared with conven- 
tional cross-axes shaving, while the skidding action 
of the tool is increased without resorting to high 
cross-axes settings. Furthermore, the length of 
stroke for the shaving tool is reduced and it can be 
operated at higher surface speeds; two factors 
which have a considerable effect on production time. 

Gears up to a pitch diameter of 8 in. and a face 
width of 24 can be shaved on the machine. The 
tool spindle is driven by a separate electric motor 
fitted to a bracket on top of the machine, the work, 
of course, being driven by the cutter. The drive is 
transferred from the motor to the tool spindle 
through V-belts and gears, the latter being arranged 
£0 that they can be changed in order to obtain the 
desired spindle speed. The tool is traversed across 
the work by a crank mechanism driven from another 
electric motor situated in the base of the machine. 
The throw of the crank is adjustable, the maximum 
stroke being 4 in., while the speed at which the tool 
passes over the gear can be adjusted through change 
gears incorporated in the drive to the crank. The 
work is fed upwards into the tool through the action 
of a cam; this is driven through gearing from the 
same motor as is used for the crank mechanism. 
The machine is reversed and stopped automatically 
at the end of a cycle, an interesting feature being 
the provision of an automatic brake on the main 
motor in order to prevent “‘ coasting ” of the tool 
slide. The angles of both the cutter head and the 
work can be varied, the worktable having 30 deg. 
and the cutter head 32 deg. right- and left-hand 
movements. The maximum distance from the 
top of the work table to the centre-line of the 
tool spindle is 134 in., the corresponding minimum 
distance being 9% in. The machine has an overall 
length of 5 ft. 4 in., a width of 4 ft. 1 in., and a 
height of 5 ft. 7 in., while the weight in working 
order is 5,700 Ib. 

As mentioned on page 198 of last week’s issue, 
Messrs. Coventry Gauge and Tool Company, 





Limited, Coventry, are exhibiting a new design of 
precision gear-grinding machine. The method of 
grinding employs the fundamental principle of 
gear-tooth development from a basic rack which, 
in this case, is formed in the periphery of the 
grinding wheel as a continuous helix. A general 
view of the machine, which has been designated 
the Matrix No. 40 high-speed gear-grinding machine, 
is shown in Fig. 34, on page 223, while Fig. 35, 
on the same page, illustrates the method of opera- 
tion. The work rotates continuously at a rate in 
direct relationship to the speed of the grinding 
wheel; the operation, therefore, is analogous to 
that of orthodox gear hobbing, the grinding wheel 
taking the place of the hob. 

Obviously, the success of the machine depends on 
accurate formation of the helix on the grinding 
wheel ; this is formed in three stages, namely, rough 
crushing, followed by diamond dressing and finally 
by finish crushing. The rough, or primary, crushing 
operation is accomplished with a grooved rack- 
form crusher, which is traversed across the wheel 
by a hydraulically-operated cam mechanism. The 
action of the diamond dresser is entirely automatic, 
two diamonds of the appropriate form being tra- 
versed across the wheel by the same mechanism as 
that for primary crushing ; final crushing is carried 
out by a helical crushing roller fitted to a bracket 
incorporated in the work slide. One cam is 
required for all diametral-pitch gears and one for 
all circular-pitch gears, changeover for the various 
pitches on the wheel being obtained by change-speed 
gears. 

The wheel-head unit is of substantial construction, 
the complete assembly comprising the wheel, the 
wheel spindle and the motors; two dynamically- 
balanced motors are fitted in order to provide 
the required grinding, truing and crushing speeds. 
The unit is shaped in the form of a drum, the whole 
of which ean be swivelled to 45 deg. on each side 
of the horizontal position, so that helical gears can 
be ground. Inclination of the head also is necessary 
when grinding spur gears for, although the teeth are 
parallel, the natural helix of the grinding wheel 
has to be taken into consideration. The wheel-head 
unit is mounted on V- and flat-slides, and its move- 
ment is controlled by a precision feed screw and 
nut operated by a large graduated handwheel. The 
work is fitted to a mandrel held between two vertical 
dead centres and it is fed in an upward direction 
through the wheel during the grinding operation. 
The drives to the work and grinding wheel are inter- 
connected by gearing which can be changed accord- 
ing to the number of teeth on the gears being ground. 
Two further sets of gears are provided, one for 
selecting the lead and the other for controlling the 
speed at which the work is fed past the wheel. 
Also incorporated in the workhead is a reciprocating 
slide which moves the work across the face of the 
wheel; this action distributes the wear evenly 
across the full width of the wheel and thus increases 
the interval between redressing. 

The machine can accommodate work up to a 
maximum diameter of 6 in., while the maximum 
length of tooth that can be ground is 4 in. The 
maximum length between centres is 12 in. and the 
stroke of the work slide 54 in., which is sufficient 
to enable a number of gears to be ground simul- 
taneously. The feed can be regulated between the 
limits of 0-0004 in. and 0-04 in. per revolution. 
The machine has a width of 60 in., a depth of 91 in.; 
and a height of 71 in., and occupies a floor space of 
approximately 108 in. by 132 in. 

The Gear Grinding Company, Limited, whose 
helical-gear grinding machine is described on the 
opposite page, are also exhibiting an Orcutt lead- 
measuring machine, a photograph of which is repro- 
duced in Fig. 36, on page 224. This particular 
machine is designed for measuring and checking the 
accuracy of helical-gear teeth en wheels up to 13 in. 
in diameter, with either a left- or right-hand helix 
angle of upto 60deg. The gearwheel to be examined 
is mounted between head and tailstock centres, 
and a stylus with a small spherically-shaped head 
is adjusted to touch the side of the first selected 
tooth. The stylus, which is attached to a hand- 
operated carriage, moves along the tooth surface 
as the gearwheel rotates, irregularities being 
indicated on a dial gauge actuated by the stylus. 
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The machine itself weights about 750 lb., and is of 
strong and compact design, being built up on a 
box-type cast-iron frame covering a floor area 
about 3 ft. long by 2 ft. 6 in. wide. Integral with 
the frame are three short legs, which enable it to 
be located rigidly on any floor surface. Apart from 
the frame, the machine consists of two main com- 
ponents: the head, and the carriage or sliding 
table. The head contains the main spindle and 
lead-generating gear, and the table carries an 
adjustable straight-edge (used for setting the lead 
angle), and the stylus and dial-gauge mechanism. 
The straight-edge is screwed to a circular swivel- 
block, being fixed parallel to a line joining two 
vertical pins which are mounted on the block at 
opposite ends of a diameter. Alongside the swivel 
block is a fixed straight-edge; the insertion of 
gauge blocks between this and the pins enables the 
adjustable straight-edge and swivel to be set accu- 
rately at the angle for giving the required helix. 
After setting, the swivel is clamped in position. 

From the head, projects a horizontal and movable 
contact arm, its axis being at 90 deg. to the spindle 
and tailstock axes. This arm carries at its outer 
end a roller which bears on the adjustable straight- 
edge; it actuates the head spindle by means of 
rack and pinion, and thereby turns the gear wheel 
to give the helix in accordance with the movement 
of the carriage and the straight-edge setting. The 
arm is guided by rollers and is held against the 
straight-edge by a weight; both the arm and 
spindle being mounted in roller bearings to minimise 
resistance. Carriage movement is effected by means 
of a 16-in. diameter handwheel mounted on the 
right-hand side of the machine facing the operator. 
The gearwheel under examination is mounted 
between two dead-centres, an arrangement which 
helps to ensure accuracy and rigidity. The dead- 
centre at the headstock end is built from a rigid 
U-shaped bracket which is screwed into the head ; 
the driving spindle projects partly into the bracket, 
and holds an arm which drives the gearwheel 
carrier. 

The Abwood Tool and Engineering Company, 
Limited, Princes-road, Dartford, Kent, are exhibiting 
several tools of different types, including a circular- 
dividing machine, a roll-feed surface grinder, a 
carbide-tool grinder, compound-angle tables, etc. 
The circular-dividing machine, which has been 
introduced recently, is shown in Fig. 37, on page 224. 
It has been designed for dividing workpieces up to 
20 in. in diameter, 18 in. high, and weighing up to 
2 cwt. There are two master divided wheels, one 
with 360 teeth which can be used for various numbers 
of divisions from 20 to 1,440, and the other with 
200 teeth, which can be used for 20 to 800 divisions. 
These two wheels are built into the machine, but 
others can be supplied for special divisions. The 
dividing is carried out automatically, although the 
motor drive can be disengaged and the dividing 
operated by a handwheel. 

The circular work-table, 20 in. in diameter, is 
mounted on ball bearings, and is provided with a 
hardened and ground spigot at the centre. The 
workpiece is located by this spigot, but if this is not 
practicable the workpiece must be set accurately 
on the table by means of a dial indicator. A single- 
point dividing tool, which may be of high-speed 
steel, tungsten carbide, or diamond, or can be 
replaced by an electric etcher, is mounted on a slide 
which oscillates vertically in a similar manner to a 
slotting machine. The motion is imparted by a 
rack and pinion, the pinion being oscillated by a 
system of levers. The slide can be tilted up to 
90 deg. each way to bring it horizontal, either above 
or below the pinion; it is locked in the desired 
position, the tool being used for dividing cylindrical, 
conical or disc-like surfaces, according to its position. 
An angular scale is provided for setting the position 
of the slide. The slide has V-ways, which are fitted 
with an adjustable gib, and is carried at the end of a 
horizontal slide, which, in turn, is supported on a 
vertical slide. There are vertical and horizontal 
lead-screws with handwheels for adjusting the 
position and depth of cut to within 0-001 in. 

The drive to the circular table is at the back of the 
machine, and consists of a small crank driven by an 
electric motor, a connecting rod which oscillates a 
curved link pivoted at one end, and a rod from the 
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curved link to the end of an arm which carries a 
pawl to drive the master wheel, and is pivoted 
concentrically with the wheel and table. The 
position of the rod on the curved link is adjustable, 
the link being graduated to show the appropriate 
number of divisions to each revolution of the table 
for each setting of the rod on the link. The motor, 
which develops } h.p. at 1,440 r.p.m., drives the tool 
and the table. The stroke of the tool, and therefore 
the length of the line cut on the workpiece, is 
adjustable up to ? in., and the machine can be set 
to cut various combinations of different lengths of 
lines automatically. This, of course, is particularly 
useful for cutting long lines to indicate the main 
divisions, and several different shorter lengths to 
indicate sub-divisions of varying significance. A 
counter is provided to stop the machine automatic- 
ally when a pre-determined number of divisions has 
been cut. The handwheel on the front of the 
machine is for hand operation of the dividing table, 
the motor drive being disengaged by means of a 
clutch, the lever of which is above the electric 
motor, as shown in Fig. 37. The automatic gear 
and indexing mechanism are totally enclosed in the 
body of the machine, and all cams and gearing run 
in oil baths. 

Messrs. Alfred Herbert, Limited, another of whose 
exhibits is described on page 221, are also showing 
a recently introduced machine, the Edgwick Di-Mil, 
which is illustrated in Fig. 38, on page 225. The 
operator usually stands on the opposite side of the 
machine from that shown in the illustration. The 





Di-Mil is a precision universal milling machine 
which has been developed for the accurate production 
of dies, press tools, punches, jigs, gauges, etc. It is 
universal, in the sense that the relative positions 
and movements of the workpiece and the cutter 
can be varied considerably, which often enables 
pieces to be machined completely without removing 
and re-setting them. The accuracy of the several 
slides is such that the machine may be used for jig 
boring. 

The workhead consists of a circular table, 15 in. in 
diameter, mounted on a slide which is carried on 
the workhead spindle. The table is T-slotted, and 
the screw-operated slide is provided with an accur- 
ately-divided scale and vernier for setting. The 
axis of the spindle is 17 in. above the gap in the bed, 
and the spindle can be rotated freely by hand or 
by a handwheel through a worm and worm-wheel, 
the engagement of the worm with the wheel being 
controlled by a quadrant lever on the front of the 
workhead. The worm-shaft is usually fitted with 
a dividing plate, thus providing means for accu- 
rately indexing the work spindle. The spindle can 
be clamped in any position by a lever at the left- 
hand end of the workhead, and positive location at 
every 10 deg. of angular movement of the table is 
obtained by a plunger. The mechanism of the 
workhead is lubricated by a hand-operated plunger 
pump which lifts oil from a sump in the machine 
to a distributing box above the work spindle, 
whence it is fed through wicks to the lubricating 
points. The sump is provided with an oil sight. 
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Fig. 34. 
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The cutter head is mounted on the knee of the 
machine. The spindle, which is hardened and 
ground, is mounted on precision ball bearings, and 
is driven by a 1-h.p. motor running at 1,430 r.p.m. 
through a belt and four-step cone pulleys, and 
gearing. There are eight speeds within the range 
155 to 2,300 r.p.m., selected by a lever which oper- 
ates sliding gears, in conjunction with the cone 
pulleys. The motor is mounted on a platform above 
the spindle, which can be adjusted to facilitate 
moving the belt for changing the speed. The spindle 
can be run in either direction, determined by a 
reversing switch which controls the motor. The 
gears are splash lubricated. The front-spindle 
bearings are housed in a boss which projects from 
the body of the cutter-head casting, so that the 
maximum support is provided for the cutter; the 
spindle is provided with five collets to take cutters 
with shanks }, #, 4, § and } in. in diameter. 

The cutter head is mounted on a top slide of 
4 in. travel, and is rotatable through 90 deg. on 
either side of the central position in line with the 
work-head spindle. It can also be turned at 90 deg. 
to the top slide, and locked by a plunger. This 
feature is particularly useful when the machine is 
used for punch work. The cutter head and top 
slide are mounted on a saddle, which is supported 
on the knee, the principal traversing movements 
being 11} in. in line with the spindle and 20 in. 
laterally. The knee can be elevated 9} in., by a de- 
tachable crank-handle operating directly on the 
elevating screw or by a handwheel on the side of the 
knee, geared to the screw to provide fine adjustment. 
Clamps are fitted to all slides. Provision is made 
on the lower transverse slide and the knee for the 
use of end measuring rods and micrometers, in 
conjunction with dial indicators which are protected 
by covers. A collimator, or “‘collineator,” is pro- 
vided for aligning the work and cutter spindles ; by 
this means a datum position is established from 
which accurate vertical or transverse movements of 
the cutter can be made by using the end-measuring 
rods. The datum position is obtained easily without 
removing the workpiece from the machine. The 
collimator consists of a “‘ target,” which is normally 
fitted to the body of the work-head, and an aligning 
telescope which is housed in an aluminium bracket 
and is normally fitted to the machine only when in 
use. The target and the telescope are set by the 
makers so that the cutter spindle can be brought 
very accurately in line. A lighting socket for the 
telescope is built into the machine. A power feed 
attachment can be fitted, if required. It consists 





of a change-speed box giving several speeds which 
are selected by a lever in conjunction with sliding 
gears. The power is supplied by a self-contained 
flange-mounted motor. The drive is through a 
flexible shaft which can be connected to either the 
transverse or longitudinal slide screws. The feeds 
are %, } and 1} in. per minute. 

The exhibits on the stand of Messrs. Kendall and 
Gent, Limited, Manchester, include a selection of 
their tube screwing and cutting-off machines, one of 
which is illustrated in Fig. 39, on page 226. This 
machine has been designed for the rapid handling 
of tubes up to 8 in. bore, and is typical of the range 
of screwing machines manufactured by the firm, 
the largest of which can handle 18-in. bore pipes. 
The tube is gripped by two concentric three-jaw 


chucks, one at each end of the spindle. The jaws | bed 


of the chucks, however, are arranged so that they 
can be adjusted independently, thus providing 
compensation for tubes running out of truth. The 
spindle to wh‘ch the chucks are fitted is driven by 
a 7}-h.p. electric motor through a constant-speed 
pulley and multi-disc clutch, the drive being trans- 
ferred from the clutch to the spindle through a 
nine-speed gearbox. The gears are of air-hardened 
nickel-chrome steel, and all shafts are of high-tensile 


| steel caried by either roller or ball bearings. 


The bed of the machine is of close-grained cast- 
iron construction. The slideways are chill cast, 
and the carriage for the dies moves along them 
on hardened and ground rollers. The diehead is 
opened and closed by a hand-operated worm, which 
meshes with a segment of 4 worm-wheel fitted to 
the cam ring. The chaser holders are machined 
from high-tensile steel forgings and are held in 
the die-head by a front plate designed to prevent 
any movement under the heaviest cuts. Each 
chaser is arranged co that it can be adjusted indi- 
vidually to the correct cutting position. This is 
accomplished by a small block fitted below each 
chaser and machined with angular grooves. These 
mate with corresponding grooves formed on the 
underside of each chaser, so that movement of the 
block causes movement of the relevant chaser, the 
movement of the blocks being provided by small 
grub screws. 

The machine will operate with equal success on 
either parallel or taper. threads. The tapering 
motion is provided by a small spur pinion fitted to 
the end of the shaft for the die-head opening worm. 
The pinion meshes in a rack formed along an over- 
head rod so that, as the carriage moves along the 
bed, the pinion revolves and rotates the die-head 





Fig. 35. 


Opening worm at a definite ratio to the movement 
of the carriage along the bed. In order to provide 
accuracy of thread formation and pitch, the carriage 
is fed along the bed by a lead-screw, different pitches 
being obtained by use of change wheels. The lead- 
screw is situated in the centre of the bed and 
engages a split nut which, in turn, is actuated by a 
hand lever. When the machine is used for cutting- 
off, the tube is steadied by an auxiliary vice fitted 
to the carriage immediately behind the die head, 
the cutting-off and chamfering tools being adjacent 
the vice. The machine is fitted with an electric 
suds pump and the necessary piping to provide a 
supply of cutting compound to the machining sta- 
tions, the troughs for collecting and returning the 
compound to the tank being cast integrally with the 


The six-spindle automatic bar machine illustrated 
in Fig. 40, on page 226, is being shown by B.S.A. 
Tools, Limited, Marston Green, Birmingham ; it is 
known as the B.S.A. 1}-in. BRT Acme-Gridley 
multi-spindle machine, and is manufactured in 
Great Britain by the firm under licence. As the 
type designation implies, the machine can handle 
bar stock up to a maximum diameter of 1 in., or, 
alternatively, hexagon stock up to a maximum of 
1 in. across the flats. In order that full advan- 
tage can be taken of modern cutting tools, particular 
attention has been paid to rigidity, so as to permit 
high spindle speeds. The frame, therefore, is 
exceptionally robust and the spindle frame is con- 
nected to the top of the gearbox by a heavy tie, 
thus making virtually a single rigid unit. The 
machine is driven by a single electric motor fitted 
to an adjustable platform over the headstock, the 
drive being transmitted to the gearbox by V-belts 
and pulleys. All shafts within the gearbox are of 
heat-treated steel and helical gears are fitted 
wherever high loads are encountered. Cone clutches 
are fitted to the quick-approach and feed drives, the 
gearbox having been designed so that the clutches 
can be removed without disturbing the shafts. The 
approach and feed clutches work in conjunction 
with a brake, which gives a positive change-over 
from quick-approach to feed. The brake, like the 
clutches, is of the cone-type and it is operated from 
the quick-approach cams. The clutch-operating 
cams are secured to the periphery of a drum, instead 
of on the side as hitherto, as this gives better 
accessibility and renders more accurate setting 
possible. 

The work spindles run in roller bearings at the 
front and ball bearings at the rear, the bearings 
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being protected against the ingress of cutting com- 
pound and swarf by nose caps. In order to ensure 
accurate alignment of the spindles and tool slide, 
the stem which carries the latter is integral with the 
spindle carrier and is ground at the same setting as 
for the carrier bearing. Indexing is accomplished 
through a modified Geneva mechanism; this is 
arranged so that it can be rendered inoperative, thus 
enabling repeated cuts to be taken on the same 
workpiece and thus simplifying the setting up pro- 
cess. The tool slide is of heat-treated steel, the 
surfaces and the T-slots being finished by grinding. 
A combination of tools can be arranged at any 
position and a positive stop ensures close control of 
depth when drilling or reaming, and of length when 
turning. The four cross-slides move on hardened- 
steel ways mounted on a bridge piece in the main 
frame. A positive stop is provided for each slide ; 
these are easily adjusted and engage hardened 
stops fitted to the face of the spindle carrier. The 
slides are actuated by cam drums situated directly 
under each slide. 

As previously mentioned, the maximum capacity 
of the collets is 1§ in. diameter for round stock 
and 1} in. across the flats for hexagon stock. The 
maximum length of stock feed is 10 in., while the 
maximum tool-slide feed is 7 in. The machine is 
driven by a 20-h.p. motor, which runs at 1,460 
r.p.m., the range of spindle speeds varying from 
108 r.p.m. to 1,380 r.p.m. The machine occupies a 
floor space, inclusive of stock reel, of 18 ft. 2} in. 
by 3 ft. 8 in., and the weight is in the neighbour- 
hood of 6 tons 14 cwt. 

In last week’s issue of ENGINEERING we referred 
to the Herbert No. 2 hexagon-turret lathe, but the 
most recent development of this type of machine 
by Messrs. Alfred Herbert is the No. 3 “‘ Preoptive ” 
hexagon-turret lathe, which is illustrated in Fig. 
41, on page 228. The Preoptive design of head- 
stock was introduced before the war; manufacture 
of it, however, was suspended during the war, but 
has now been resumed, the design having been 
improved and power-operated speed-changing in- 
corporated. Idle time due to speed-changing is 
entirely eliminated, the operator pre-selecting any 











speed by turning a dial and engaging the speed by 
pressing a knob in the centre of the dial. The 
change is effected instantaneously, and it is not 
necessary to stop the spindle or withdraw the tools 
from the cut, which is a great advantage when 
using carbide tools as the risk of breaking the cutting 
edges is eliminated. 

The No. 3 Preoptive lathe will admit bars up to 
3 in. in diameter, and will turn them up to a maxi- 
mum length of 38 in. The bed has asymmetric 
V-ways, hardened to from 478 to 555 Brinell by the 
Flamard process, and protected by covers on the 
headstock end of the turret slide and by felt wipers 
at the rear. The Preoptive headstock provides 
eight ratios which, in conjunction with a two-speed 
motor, give 16 spindle speeds from 13 to 1,000 
r.p.m. in each direction. The motor rating is 
15/5 h.p., at 1,430/470 r.p.m. There are four push- 
buttons above the speed-change dial, which give 
“reverse,” “‘stop,” “inch” and “forward.” A 
plugging relay is fitted to the motor giving practically 
instantaneous stopping of the spindle when the 
“stop” button is pressed. A lever on the head- 
stock controls the speed of the two-speed motor. 
All the shafts and gears are mounted on ball bearings, 
and are of alloy steel, hardened and ground. The 
headstock is lubricated by a pump, the oil passing 
through magnetic and gauze filters; a sight glass indi- 
cating whether the lubricating system is functioning. 

The spindle has a Flamard-hardened flange 
and runs in precision ball and roller bearings, two 
opposed double-purpose ball bearings taking the 
thrust in both directions. It carries an electrically- 
operated double-toggle chuck which is provided 
with a set of conical holders. The mechanism 
of the chuck can be adjusted for variations in 
diameter up to % in. each way, and the control 
lever is light in operation. The bar-feeding mechan- 
ism is also operated electrically—by a separate 
motor with an adjustable slipping clutch. A 
conveniently-placed pedal operates a switch con- 
trolling the bar feed, and push-buttons are also 
fitted to the main bar support for convenience 
when loading new bars. The mechanism will feed 
bars right up to the back of the chuck jaws, and 


Fig. 37. 
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bars up to 8 ft. in length can be accommodated. 
The stock tube is made of a sound-abeorbing 
material, and is arranged to swing forward so that 
bars can be loaded at the front end adjacent to the 
headstock. A revolving holder is fitted at the front 
end of the stock tube to prevent small-diameter 
bars from whipping. A feed box in front of the bed 
below the headstock provides eight changes of 
reversible feeds from 20 to 480 cuts per inch, 
selected by a pilot handle and lever, and indicated 
on a dial attached to the pilot-handle shaft. A 
ball-type slipping clutch is provided to protect the 
mechanism against overloading. 

A device known as a “ Chiprupter ” enables the 
operator to break, into short lengths, the long con- 
tinuous turnings which are produced by the “ chip- 
stream” tools; the feed can be interrupted 
momentarily by a dog clutch on the feed shaft 
operated by a lever to which a ball-ended chain is 
attached so that the clutch can be controlled from 
the operator’s position. The turret-slide reversible 
feeds are controlled by six self-selecting trip and 
dead stops, one to each face of the turret. A quiek 
power traverse, at 35 ft. per minute, is provided. 
The large star or pilot wheel for traversing the 
turret by hand is disconnected automatically when 
either the feed or the quick power traverse is in use. 
A scale fitted to the bed, and an adjustable pointer 
on the turret slide, are useful for setting up the 
lathe. The turret faces are 9} in. by 6 in., and the 
tool holes are 3} in. in diameter. Clamps are 
fitted to the turret and the turret slide. Coolant is 
fed by a centrifugal pump driven by the quick 
power-traverse motor. The electrical equipment of 
the lathe can be provided for any three-phase 50- 
cycle circuit at between 200 and 550 volts. The main 
two-speed motor is mounted on a hinged bracket at 
the back of the lathe and is protected against mois- 
ture and swarf. All the electrical controls, except an 
isolating switch, are mounted conveniently on the 
headstock, the push-buttons for the power traverse 
and pump motor being arranged to the left of the 
speed-change dial. A red warning light is incor- 
porated, which lights up when the main motor is 





stopped and the isolating switch is on, thus reducing 
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the risk of the auxiliary motors being left running 
unnecessarily. The turret tools provided with 
the machine include a “Chipstream” box tool 
designed to use carbide tools on bar work. The 
rollers run on needle-roller bearings, there being no 
frontal obstruction, so that the tools will turn right 
up to a flange or shoulder. A relieving mechanism 
enables the tool to be withdrawn slightly at the end 
of the cut. There is also a ‘‘ Chipstream turner,” 
a new tool, which enables the roller slides to be 
Withdrawn rapidly and returned to their original 
positions without affecting their adjustment. The 
tool can be set either in front of, or behind, the 
rollers, and indicator fingers and a micrometer 
sale enable several diameters to be turned with 
one tool. There are also a cutting-off and forming 
tool holder; a triple tool holder which carries an 
adjustable bar stop, a centring tool, and a roller- 
steady ending tool; and a diehead. There are 
several other attachments which can be supplied. 
The net weight of the machine is approximately 
9,600 Ib. 

Messrs. Kendall and Gent, Limited, whose tube- 
screwing machine is described on page 223, are also 
exhibiting several of their milling machines and 
broaching machines, some of which have already been 
described in ENGINEERING. The open-side vertical 
and horizontal milling machine shown in Fig. 42, 
On page 228, was introduced in its original form 
before the last war, and many were used for war 
Production. The experience gained has enabled the 
(esign to be improved. There are two milling 





heads: one on the cross-slide and another on the 
upright, so that several machining operations can 
be carried out at one setting. There is also a 
boring feed to the vertical spindle, and wide ranges 
of speeds and feeds enable the machine to be used 
on both tough alloy steels and light non-ferrous 
alloys. The bed and table are generaHy similar in 
design to the makers’ plano-milling machines. The 
machine will accommodate workpieces up to 3 ft. 
wide, 3 ft. 7 in. high, and 11 ft. long, but the size 
of the table can be arranged to suit individual 
requirements. The upright is of massive propor- 
tions, and is rigidly bolted to the bed. The arm 
slides on flat ways at the front of the upright and 
on a flat way at the back, which provides additional 
support. It is elevated by a separate motor con- 
trolled by push-buttons in a pendent control. 
Hand-variable power feeds are provided to both 
milling heads in both directions, and limit controls 
prevent overrun or collision. The table is equipped 
with variable power feed and constant rapid tra- 
verse for setting purposes. It can also be traversed 
by hand, and micrometer dials are fitted to facilitate 
fine setting. All gearing is carried on high-tensile 
shafts running in ball or roller bearings. The 
gearing is of air-hardened nickel-chrome steel. A 
single lever close to the operator’s normal position, 
with a duplicate lever on the opposite side of the 
bed, is used for controlling the movements of the 
bed, in conjunction with a pendent switch. A 
movement of the lever in the desired direction 
selects either power or rapid power traverse. There 





are 27 spindle speeds to each milling head, from 
20 r.p.m. to 1,080 r.p.m.; and nine table speeds 
to each spindle speed, from 1} in. to 18 in. per 
minute. A device incorporated in the control 
gear electrically interlocks the main driving motor 
and the table-traversing motor, so that if the 
spindle motor rails, owing to overload or for any 
other reason, the traverse of the table is stopped 
automatically. Without such a device the work 
would continue to be fed into the stationary cutter, 
resulting in serious damage. 

Messrs. E, H. Jones (Machine Tools), Limited, 
Edgware-road, The Hyde, London, N.W.9, to whose 
principal machine-tool exhibits we hope to refer 
later, are showing a small boring bar with micro- 
meter adjustment; a lapping spindle, which is 
illustrated in Fig. 43, on page 228 ; and an internal 
micrometer gauge. They are all known by the 
trade name Offen, and the boring bar and lapping 
spindle are of similar construction and appearance. 
The lapping spindle, or micro lap as it is called, 
is suitable for lapping holes from 0-1875 in. to 
1-5 in. in diameter to within 0-0001 in. or 0-002 in. 
The spindle proper has a raised land near the 
centre, with diamonds set in copper. The exact 
diameter of the land is determined by the move- 
ment of a tapered needle expanding the spindle, 
which is split to permit this. Provided the spindle 
is not used for taking comparatively heavy cuts, 
the diamonds will remain firmly set over a long 
period. The heat generated due to friction is 
negligible, thus allowing the hole to be measured 
accurately immediately after lapping. The standard 
lapping spindle uses coarse diamonds, but a spindle 
with a finer grade of diamonds can be supplied for 
producing. a very high finish. There is also a 
spindle suitable for lapping blind holes, and all 
diamonds can be replaced when damaged. The 
tapered needle which controls the size of the 
land is moved by a micrometer head with 100 
divisions, each division representing 0-00002 in. 
By using a vernier, further division to 0-00001 in. 
is obtained. The micrometer head can be set 
to zero at any size of the lapping land, and locked 
in position. This is useful for repetition work. 
The lapping spindle can be operated by unskilled 
labour. It can be provided with a parallel or 
Morse-taper shank of various sizes. The Offen 
boring bar is of generally similar construction, but 
has two cutters placed at 180 deg. to each other, 
at the end of the spindle. The cutting diameter 
can be controlled to within 0-0001 in. The Offen 
internal micrometer gauge, which has been designed 
for use with the lapping spindle and boring bar, 
operates on the same principle, i.e., the movement 
of a tapered rod between two anvils is controlled 
by a micrometer head. It is made in four sizes, 
for holes from 0-24 in. to 1-52 in. 

Although Messrs. E. H. Jones are showing many 
small tools and accessories, such as those described 
above, their principal exhibits are machine tools, 
many types of which are displayed on their 
stands. The firm are distributors for the products 
of C.V.A. Jigs, Moulds and Tools, Limited, Port- 
land-road, Hove, the Sigma Instrument Company, 
Letchworth, and other British, American and 
Continental makers. Several machines of the 
Kearney and Trecker Corporation, Milwaukee 14, 
Wisconsin, U.S.A., are exhibited. The model 2E 
universal-milling machine is of medium size, with 
two overarms and a substantial knee. There are 
eight spindle speeds, from 24 r.p.m. to 600 r.p.m., 
and eight feeds from 4 in. to 12} in. per minute. 
The accessories include a dividing head, a light 
high-speed milling attachment, a swivel-head ver- 
tical milling attachment, a slotting attachment, 
rack-milling and indexing attachments, a rotary 
table, etc. The same firm’s No. 3 model T precision 
milling and boring machine is intended for tool-room 
use. It is of the type in which a rectangular table 
traverses horizontally along a bed,on one side of which 
is the base for a column which traverses at right- 
angles to the bed ways; the column carries the 
milling and boring head on vertical slides. There 
are 16 spindle speeds from 35 r.p.m. to 1,400 r.p.m., 
and 19 boring feeds from 0-002 in. to 0-125 in. per 
revolution of the spindle. The table is 54 in. long 
by 24 in. wide and can traverse longitudinally 42 in. 
There are 16 rates of feed to the table, from } in. to 
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20 in. per minute. The column will traverse 12 in, 
horizontally on its base, and the spindle head has a 
vertical movement of 30 in. Sixteen milling feeds, 
from } in. to 20 in. per minute, are provided for the 
vertical movement of the spindle head. Rapid 
power traverse, at 150 in. per minute, is provided for 
the longitudinal movement of the table and the 
vertical movement of the head. The table is set 
by means of end-measuring rods, which are built up 
in increments of 1 in., and the micrometers and dial 
indicators read to 0-:0001 in. There are two 3-h.p. 
motors, one for the spindle head and the other for 
the table feed. The machine weighs approximately 
8 tons. 

Messrs. Buck and Hickman, Limited, 2, 4 and 6, 
Whitechapel-road, London, E.1, are also showing 
a number of imported machine tools. The Bullard 
** Man-Au-Trol Spacer” is a semi-automatic mov- 
able worktable for supporting workpieces in radial 
drilling machines. It enables work to be set up 
repeatedly for accurate drilling, boring, reaming or 
tapping without the use of jigs, and should be a 
useful accessory for many machine shops. Other 
Buck and Hickman exhibits include Brown and 
Sharpe automatic screwing machine, a pinion-turn- 
ing machine, and various grinding machines ; two 
Bryant internal-grinding machines, one of which has 
a maximum spindle speed of 100,000 r.p.m., while 





the other will grind holes 0-040 in. in diameter; a 
Bullard vertical turret lathe ; Gleason hypoid gen- 
erating machines and other gear-cutting machines ; 
Pratt and Whitney die-sinking machine, etc. 

(To be continued.) 





THE INSTITUTION OF CHEMICAL ENGINEERS.—Appli- 
cation forms for the 1949 associate-membership examina- 
tion of the Institution of Chemical Engineers are now 
ready and may be obtained from the honorary registrar 
of the Institution, from whom furtber particulars regard- 
ing the examination may also be obtained. Application 
forms should be returned to the registrar, at 56, Victoria- 
street, London, S.W.1, not later than December 1. 























Fie. 40. 


WEsT HARTLEPOOL TECHNICAL COLLEGE.—The pros- 
pectus for the fifty-second session, that for 1948-49, of 
the Technical College, West Hartlepool, has now come 
to hand. The College provides evening courses for 
apprentices engaged in marine, mechanical and electrical 
engineering and naval architecture, and part-time day 
and evening courses for persons engaged in the building 
trade and in the chemical and allied industries. These 
courses lead to the Higher National Certificate in Mech- 
anical Engineering, the Ordinary National Certificates in 
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Electrical Engineering and in Building, the Matriculation 
and External Intermediate B.Sc. Degree examinations 
of London University, and also prepare students for the 
first two years of the Ordinary National Certificate 
course in Naval Architecture. Various commercial 
courses are also available. Classes commence on Monday, 
September 20, and enrolments begin on Monday, Sep- 
tember 6. Copies of the prospectus, which contains 
particulars of scholarships, etc., may be obtained on 
application to the Principal. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Following last week’s rise in iron and 
stcel charges, controlled prices here have been adjusted 
to the following : steel ship plates, g-in. basis, 181. 118. 6d.; 
boiler plates, §-in. basis, 191. 9s.; sectional material, 
171. 168. 6d.; rounds and squares, 3 in. and over, 
181. 168. 6d. ; joists, 171. 16s. 6d.; Crown iron, 261. 10s., 
and Crown cable iron, 271., all per ton delivered in the 
central zone in Scotland, but subject to the list extras 
of the various associations. Basis prices for pig-iron are : 
basic, 91. 108.; ordinary hematite, 101. 148.; and 
special hematite, 111. 1s. 6d.; all per ton. The advances 
are generally conceded to be moderate. The disparity 
created between iron and steel prices must, however, 
militate against the selling of the former, in contrast 
with the previous position when thé gap in prices was 
practically offset by the advantages of wrought iron for 
certain purposes. Production was well maintained last 
week at blast-furnaces and steelworks. The improve- 
ment in the raw-material situation has continued, 
particularly with regard to scrap, regular deliveries of 
which have been arriving from home and Continental 
sources. 


Scottish Coal.—With the summer holidays now almost 
completed, Scottish miners face the task of producing 
some 10,000,000 tons by the end of December in order 
to reach their target of 25,000,000 tons, representing a 
weekly average of about 550,000 tons. Up till August 21, 
some 14,800,000 tons had been mined, a rate of just over 
470,000 tons a week. The best output this year was 
486,400 tons in the week ended March 13, with a labour 
force of 82,700, compared with a peak last year of 
505,000 tons from 82,000 men. Production is now 
showing some improvement after the holiday lull, and in 
the week ended August 21, 462,000 tons were raised, 
some 20,000 tons higher than the week before. Coking 
coal cortinues rather scarce, and delivery margins are 
narrow. The domestic demand is slow, and stocks in 
merchants’ hands are increasing. Exports have been 
well maintained at allocation level. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Derbyshire and Lincolnshire brands 
of pig-iron have been rather more plentiful, and supplies 
of bematite have been adequate. Better arrivals of iron 
and steel scrap at merchants’ yards for sorting will 
ensure adequate deliveries at steelworks in the near 
future. The production of steel is being steadily 
increased, but there are still some shortages which are 
likely to be eliminated when the changed system of 
allocation is in full operation. More orders have reached 
railway-material makers, who are certain of continuous 
good employment for many months; they are receiving 
improved supplies of steel, but could deal with larger 
deliveries of axle steel. Many months’ work is on the 
books of manufacturers of iron and steelworks plant 
and machinery, and facilities for their production are 
being extensively increased. The labour position is 
more satisfactory at rolling mills and forges, but there 
are complaints of restrictions imposed by the shorter 
working week. Tool factories are still heavily booked, 
but have been able to reduce arrears considerably. In 
this section, as in the cutlery factories, the operation of 
import restrictions is reducing the export demand. 


South Yorkshire Coal Trade.—Some collieries have 
been able to increase production, but absenteeism is 
still a retarding factor. The home demand is strong, 
and stocks at industrial concerns are at a more satis- 
factory level. Export trade is improving to the full 
extent of available supplies. Coking coal is very active ; 
deliveries are being increased to coke works which are 
able to increase the production of hard coke. Gas coke 
is in fair supply, and patent fuel is active and firm. 





PaciFIC LOCOMOTIVES FOR BRITISH RAILWAyYs. — 
Thirty-nine 4-6-2 three-cylinder express-passenger loco- 
motives, to a new design, but designated Al, are to be 
built by British Railways. Twenty-three will be con- 
structed at Darlington, and of the 16 to be built at 
Doncaster, the first has been completed recently. The 
design is generally similar to that of the A2 locomotives 
which were described in ENGINEERING, vol. 165, page 151 
(1948), except that the coupled wheels, like those of the 
former L.N.E.R. A3 and A4 engines, are 6 ft. 8 in. in 
diameter instead of 6 ft. 2 in. The tractive effort, at 
85 per cent. of the boiler pressure, is 37,397 Ib., compared 
with 40,430 Ib. for the A2 locomotives, and 35,455 Ib. 
for the A4 locomotives. The new engines will not be 
streamlined, and the most noticeable differences between 
them and the A2 envgines—apart from the size of the 
wheels—are the longer smokebox, due to the longer 
wheelbase with the same boiler, and a double chimney. 
Three independent sets of Walschaerts gear are fitted. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel plants are operating 
at high pressure and the total tonnage output is heavy, 
but the demand for larger supplies of most commodities, 
both for home purposes and for export, is unabated. 
The second rise in fixed prices of iron and steel in the 
space of two months was not unexpected and attracted 
little notice, as customers’ attention is concentrated on 
efforts to secure full deliveries against running contracts. 
The June revision of price schedules was authorised in 
consequence of a reduction in the subsidy on foreign-ore 
freights, and the later advances, which range from 1s. 9d. 
per ton on pig iron to 27s. 6d. per ton for certain descrip- 
tions of steel, are to cover increased production costs 
due to the recent upward movement in values of coal 
and coke. The shortage of fron and steel scrap is rather 
less acute than formerly, but this material is still wanted 
in larger quantities than merchants can provide. The 
yield of the Cleveland ironstone mines continues short of 
requirements, with the result that the exceptionally 
heavy use of costly imported ore is still necessary. 

Foundry and Basic Iron.—-Founders are still calling 
for larger supplies of pig iron than they are receiving. 
For a considerable time there has been no production of 
Cleveland ordinary foundry pig and the small intermittent 
make of a substitute for that commodity is readily 
taken up. Most of it is required for the producers’ own 
consuming plants and North East Coast founders are 
still largely dependent on iron supplies from the Midlands. 
The basic blast-furnaces are turning out a satisfactory 
tonnage, which is being used at the adjoining steel 
plants. 

Hematite, Low-Phosphorus and Refined Iron.—After 
meeting customers’ current needs, East Coast hematite 
firms are able to provide a little tonnage for the replenish- 
ment of stocks. The position with regard to low- and 
medium-phosphorus grades of iron is unchanged and 
manufacturers of refined iron are dealing satisfactorily 
with a steady demand for their products. 


Manufactured Iron and Steel.-—Semi-finished and 
finished iron outputs are readily absorbed and all steel 
products are in steady request. Steel semies are in 
rather better supply, and, with extensive contracts to 
execute, re-rollers hope to approach full-scale production 
in the near future. Larger parcels of billets and sheet 
bars, however, are still being called for. Manufacturers 
of the various descriptions of finished steel have heavy 
specifications to deal with in September and expect that 
orders for execution during the next quarter will keep the 
works fully employed for the remainder of the year. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


Welsh Coal Trade.—A new appeal is to be made to 
South Wales miners to work the voluntary Saturday 
morning shift. Similar appeals in the past have met 
with little success, as did also a recent resolution carried 
at a coalfield conference. On no Saturday this year 
has the output equalled the figures reached when the 
voluntary shift was introduced. The new appeal will 
ask the men to work at least two Saturdays at full 
capacity each month during the present economic crisis. 
Because eight men did not receive 24s. each bonus 
payment, 1,200 miners at the Llanbradach colliery went 
on strike last week. It was contended by the manage- 
ment that the men left work before the end of the shift, 
but this was denied. Work was resumed on the under- 
standing that the men’s agent would take the matter up 
with the proper authority or officials. There has been a 
sustained demand for all grades on the Welsh steam-coal 
market throughout the past week. Spanish buyers have 
resumed interest, and Italian customers have restarted 
purchases. A cargo of 6,000 tons was arranged during 
the week. A sustained trade was passing for Portugal 
and South America while business with Eire was on 
steady lines. French business, however, was still idle. 
Inland consumers were taking the bulk of the current 
output of the better sorts. As a rule these were well 
sold ahead. Industrial requirements were also sub- 
stantial. Bunker classes were not casy to obtain and 
cokes and patent fuel were only sparingly available and 
were firm. 


Swansea Steel-Sheet Industry.—The market report 
by the Incorporated Swansea Exchange states 

t although the demand for tin-plate is strong, business, 
week, was quiet, and the volume of orders taken 

on a much reduced scale. Makers have well-filled 
rder books for the current period and not much will be 
one until the allocations for the fourth quarter are 
own. The export market also was very quiet last 
aveek, and the number of orders booked was only meagre. 
Steel sheets are unchanged; the demand continues 
exceptionally strong and the difficulty in obtaining early 
deliveries is unabated. The inquiry for iron and steel 





scrap is insistent as all consumers are anxious buyers. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shal] reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTICAL ENGINEERS. 
—Liverpool Branch: Monday, September 6, 7.15 p.m., 
9, The Temple, 24, Dale-street, Liverpool. “ Electrical 
Quiz” evening. Sheffield Branch: Monday, Septem- 
ber 6, 7.30 p.m., Royal Victoria Hotel, Sheffield. Film 
exhibition. North-West London Branch ; Tuesday, Sep- 
tember 7, 7.30 p.m., St. Hilda’s Hall, Northolt-road, 
South Harrow. ‘“‘ Maintenance of Factory Equipment,” 
by Mr. A. Carpenter. West London Branch: Tuesday, 
September 7, 7.30 p.m., Town Hall, Hammersmith, W.6. 
“ Britain’s Economic Situation,” by Mr. V. T. Blore. 
South-East London Branch: Tuesday, September 7, 
8 p.m., Castle Hotel, High-street, Eltham. Various 
competition papers. Crewe Branch: Friday, Septem- 
ber 10, 7 p.m., Crewe Arms Hotel, Crewe. “‘ Trans- 
former Protection,’”’ by Mr. A. Lightbourne. 


INSTITUTION OF PRODUCTION ENGINEERS.—Coveniry 


} Graduate Section: Tuesday, September 7, 7.15 p.m., 


Technical College, Coventry. “‘ Automafic Turning 
Machines,” by Mr. R. F. Eaton. Wolverhampton Graduate 
Section: Thursday, September 9,. 7.15 p.m., County 
Technical College, Wednesbury. “Foundry Practice,” 
by Mr. E. L. Graham. Manchester Graduate Section : 
Monday, September 13, 7.15 p.m., College of Technology, 
Manchester. ‘“‘ The Lost Wax Process,” by Mr. A. P. 
Short. 

INSTITUTION OF ELECTICAL ENGINEERS.—South Mid- 
land Students’ Section: Wednesday, September 8, 6.45 
p.m., James Watt Institute, Birmingbam. Chairman’s 
address on “‘ The Storage Battery,” by Mr. J. W. Lawton. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon - 
Tyne Branch: Thursday, September 9, 7.30 p.m., The 
Y.M.C.A., Connaught Rooms, Blackett-street, Newcastle- 
upon-Tyne. “ Diesel Engines,” by Mr. E. Hill. East 
Lancashire Branch: Tuesday, September 14, 7.15 p.m., 
Engineers’ Club, Manchester. Films on “ Pluto” and 
“Through the Mill,” supplied by Messrs. Stewarts ard 
Lloyds, Limited. 

INSTITUTE OF METALS.—Tuesday, September 14, to 
Friday, September 17, The Arts School, Bennet-street, 
Cambridge, fortieth annua] autumn meeting. Septem- 
ber 14, 8 p.m., Old Schools, King’s Parade, Conver- 
sazione. September 15 and 16, 9.45 a.m., papers for 
discussion. 2 p.m., afternoon visits. September 17, 
10 a.m., all-day visits. For programme, see page 178, 
ante. 





LAUNCHES AND TRIAL TRIPS. 

M.S. “ BraGca.”—Single-screw cargo vessel, carrying 
12 passengers, built and engined by Messrs. William 
Doxford and Sons, Limited, Pallion, Sunderland, for the 
Sociedade Geral de Commercio e Transportes, Ltda., 
Lisbon. Main dimensions; 424 ft. by 53 ft. 9 in. by 
25 ft. 6 in.; deadweight capacity, about 7,100 tons. 
Doxford four-cylinder opposed-piston oil engine, giving 
a service speed of 13} knots. Trial trip, August 21. 


M.S. “ BRITISH PROGRESS.”—Single-screw tanker, 
built by the Blythswood Shipbuilding Company, Limited, 
Scotstoun, Glasgow, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 463 ft. by 
61 ft. 6 in. by 34 ft.; deadweight capacity, about 12,500 
tons. Six-cylinder four-stroke single-acting Burmeister 
and Wain Diesel engine, supplied by Messrs. John G. 
Kincaid and Company, Limited, Greenock, with two 
multitubular oil-burning boilers, developing 3,200 b.h.p. 
Launch, August 23. 


S.S. “Dona Ismpora.”—Single-screw collier, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for the Compafiia Carbonifera 
e Industrial de Lota, Valparaiso. Main dimensions: 
340 ft. by 48 ft. 6 in. by 24 ft. 9 in. te upper deck ; dead- 
weight capacity, about 5,000 tons on a draught of 
21ft.9in. Triple-expansion engine, with three cylindrical 
boilers burning Chilean small coal, giving a speed of 
103 knots. Launch, August 24. 


S.S. “RaMORE HEAD.”—Single-screw cargo liner, 
carrying 12 passengers, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Ulster 
Steamship Company, Limited, Belfast. Main dimensions : 
455 ft. by 59 ft. 3in. by 39 ft. 4 in. to shelter deck ; gross 
tonnage, 6.195. Parsons double-reduction geared tur- 
bines developing 5,000 s.h.p. with four oil-burning boilers. 
Trial trip, August 27. e 





EAGLESCLIFFE Facrory.—The Board of Trade an- 
nounce that the Government factory at Urlay Hook, 
Eaglescliffe, has been allocated to the ‘Admiralty for 
use as a depot for the storage and servicing of equipment 
for the Fleet. It has a total covered area of 490,000 
sq. ft., and ‘was used during the’ war for the recovery 
of metals and other salvage work. 




























































































i 


a¢ 


r 





ENGINEERING. : SEPT. 3, 1948. 











EXHIBITS AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Page 224.) 
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Fie. 41. No. 3 “ Preoprive’? Hexacon-Turret LatHeE; Messrs. ALFRED HERBERT, LIMITED. 


SECONDARY BATTERIES FOR 
AIRCRAFT. 


A NEW design of secondary battery has been intro- 
duced by the Chloride Electrical Storage Company, 
Limited, Exide Works, Clifton Junction, near Man- 
chester, for use in the high-voltage circuits of large 
aircraft, and alsoas a 24-volt unit in helicopters and light 
aeroplanes. The rating of these units is 25 ampere- 
hours at the 20-hour discharge rate, the final voltage 
being 21-6 volts, or 1-8 volts per cell. The unit is also 
suitable for high discharge-rates. and can therefore be 
used for engine starting. The recommended charging 
rate is 2 amperes, although higher rates may be used 
before gassing commences. The complete battery is 
154% in. long by 7% in. wide by 7} in. high and the 
weight is about 44 lb. The battery is unspillable at 
any angle within 70 deg. of the normal upright position, 
but it is not intended for “inversion.” Among its 
unusual features mention may be made of the fact 
that the container is a light weight twelve component 
monobloc moulding of polythene. 

Ribs are moulded integrally into the bottom of each 
cell compartment to support the plates, while exter- 
nally a strongly braced flange projects from the base 
ateachend. These flanges are faced with steel and are 
slotted to take the holding-down bolts. The plates 
are of the flat pasted type and consist of antimonial- 
lead lattice castings, to which the paste adheres. They 
are joined to the plate straps and terminal posts by 
lead burning. The separators are of a micro-porous 
synthetic material having a low electrical resistance. 
They are claimed to be more durable than wood 
separaters and their use enables new batteries to be 
stored in a dry condition for an unlimited time. The 
top of the battery is protected by a moulded ebonite 
cover, which also insulates the inter-cell connectors 
from accidental short circuit. This cover is secured by 
screws, which engage metal inserts in the top of the 
container walls, and, as it does not have to be removed 
for servicing the battery, these screws are sealed with 
wax. The vent plugs are polystyrene mouldings which 
project through the covers. They consist of two 
concentric chambers, thus constituting baffles which 
 satpp the emission of acid spray, but permit the 

exit of gas. A series of small holes is provided 
above the inter-cell connectors, so that voltage read- 
ings can be taken with the cover in place. The inter- 
cell connectors themselves are copper-cored lead bars, 
while the battery terminals are of a modified plug 
and socket pattern, in which a spade-type cable end 
engages with a socket and is then clamped. 





UntTED KINGDOM PRODUCTION OF ALUMINIUM 
CasTINes.—Official statistics indicate that, during the 
first six months of 1948, 25,846 tons of aluminium-alley 
castings were produced in this country. This total was 
made up of 10,040 tons of sand castings and 13,230 tons 
of gravity and 2,576 tons of pressure die castings. 




















Fig. 42. Opzn-Stmp—e Mrmiinc Macutne; Messrs. KENDALL AND GENT, LIMITED. 

















Fic. 43. Dramonp Laprrna SprnpDLE; Messrs. E. H. Jones (Macutne Toors), LimitTEb. 
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the Manager. pages are 12 in. deep and 9 in. 
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vertisements will be inserted with all ——— regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“ Appointments Open,” ‘“ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
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lication, otherwise it may be impossible to submit 
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150 YEARS OF THE 
‘*PHIL. MAG.’’ 


A wove of precise definition is a praiseworthy 
characteristic, yet it is difficult not to feel that 
engineers and scientists alike lost something that 
was worth retaining when they allowed the term 
“natural philosophy ” to be displaced from their 
current usage by the more exact descriptions of the 
several sciences and arts which it formerly compre- 
hended. It was still in use when this journal was 
founded in 1866, for only three years earlier 
had appeared the classic work in which Peter 
Guthrie Tait collaborated so fruitfully with Lord 
Kelvin, and to which they gave the title of A 
Treatise on Natural Philosophy. As Tait was 
professor of natural philosophy at Edinburgh and 
Kelvin’s chair at Glasgow was similarly described, 
it was natural that they should do so; but few of 
the general public, save the occasional pedant, 
would now use the term in seeking an expression 
with which to refer to kinematics, dynamics, the 
properties of matter, heat, light, sound, electricity 
and magnetism—all of which were to have been 
covered by ‘Thomson and Tait” as originally 
planned. Admittedly, each study has so expanded 
that a bulky volume would be needed to deal at all 
thoroughly with any one of those subjects ; yet they 
are essentially united, and he appreciates them 
best who has the philosophical insight to perceive 
their essential unity. The ordinary engineer does 
not always regard them in this light, especially if 
it has not been his good fortune to receive his 
technical education at a university, but has grown 
up in the more matter-of-fact environment of the 
average technical college. He tends rather to 
consider them as separate subjects—as he is led to 
do from the outset by the arrangement of sylla- 
buses ; and it is not every engineer whose work in 
after years is so diversified that he is obliged or 
even induced himself to take a wider view. Thus the 
very word “ philosophy ” has come to be regarded, 
by those who think of themselves as being “ prac- 
tical,” as representing something a little visionary 
and almost unreal; or, at any rate, something to 
which the term “ practical” could not possibly be 
applied. 

They miss much who take this view or have 
such a limited vision. It is good for them to be 
reminded occasionally of the comparative modernity 
of the ‘‘ breaking-down ” process to which natural 
philosophy has been subjected, and there can be 
no better method of doing so than to refer them to 





the special number of The Philosophical Magazine,* 
which the proprietors of that historic journal have 
published recently to mark the 150th anniversary of 
its foundation. Scholarly in presentation, lavishly 
factual and redolent of all that belongs to the 
philosophic outlook, it is at once a genealogy 
and a history of the growth of scientific knowledge 
and awareness in a period which, with a full appre- 
ciation of all that went before and has followed 
after, is not to be paralleled by any other in the 
scope of its revelations. 

The contents of the issue are best summarised by 
a rapid review of the subjects of the several chapters. 
A brief preface by Mr. E. J. Burdon, chairman of 
the firm who have owned and printed the “ Phil. 
Mag.” throughout its long career, opens with a 
statement which should be unnecessary—that “ The 
Philosophical Magazine is an independently owned 
journal ” and “‘ is not the organ of any institution or 
scientific body ’—thus removing at once a mis- 
conception that is surprisingly prevalent, though 
few of those who have ever entertained it could have 
stopped to consider, in supposing otherwise, what 
single “‘ institution or scientific body ”’ it did repre- 
sent. There follows a historical survey by Dr. Allen 
Ferguson and the Rev. John Ferguson, M.A., B.D., 
of the circumstances in which the Phil. Mag. had 
its origin and in which it developed into the inter- 
national scientific forum that it subsequently became. 
It was established, they record, by Alexander 
Tilloch (who had changed his name from Tulloch 
some eleven years earlier, for reasons which do not 
transpire); evidently himself an experimental 
philosopher by nature, though with a decidedly 
practical bent, for others of his ventures included 
the discovery—or rather, the rediscovery—of the 
process of stereotyping and of a method of printing 
banknotes that was designed to make forgery 
impossible. With him was associated Richard 
Taylor, printer and scholar, a founder of the City 
of London School and of University College, the 
Alma Mater of Taylor’s erudite apprentice, Dr. 
William Francis, who became eventually a partner 
in the business. The story of their joint venture 
is told with a detail which invites liberal quotation ; 
but there are nine more chapters to be noticed, 
each a masterpiece in its particular sphere. 

Astronomy, physics, chemistry and mathematics 
in the Eighteenth Century are admirably surveyed 
by Sir Harold Spencer-Jones, Professor Herbert 
Dingle, Professor J. R. Partington, and Dr. J. F. 
Scott, respectively. Engineer Captain Edgar C. 
Smith—well known to readers of ENGINEERING for 
his researches into the history of marine engineering 
and especially the Engineering Branch of the 
Royal Navy—contributes a chapter on “‘ Engineering 
and Invention in the Eighteenth Century,” which 
is particularly successful in placing the various 
outstanding events and advances in this field in 
their proper perspective. Mr. Robert S. Whipple, 
M.LE.E.—to whom the University of Cambridge 
is indebted for the remarkable Whipple Collection 
of scientific instruments and booksf—reviews 
“Scientific Instruments in the Eighteenth Cen- 
tury’; and Dr. Douglas McKie contributes two 
chapters dealing, respectively, with ‘‘ The Scientific 
Periodical from 1665 to 1798” and “ Scientific 
Societies to the End of the Eighteenth Century.” 
Finally, there is a chapter by Dr. F. Sherwood 
Taylor, on ‘‘ The Teaching of the Physical Sciences 
at the End of the Eighteenth Century,” which 
contains some striking tables showing the paucity 
of the formal education received by many men who 
afterwards achieved fame in various branches of 
science—and, incidentally, how much more influen- 
tial, in those days, were versatility and a pioneering 
spirit than any examination qualifications in 
securing professional appointments in “natural 
philosophy ” and its associated special studies. 

Of the 68 men, most of them well-known by name 
to-day, whose entry into the profession of science 
was investigated by Dr. Sherwood Taylor, 15 had 
no higher education at all, six received higher 





* Natural Philosophy Through the Eighteenth Century 
and Allied Topics. Edited by Allan Ferguson, M.A., 
D.Sc. Taylor and Francis, Limited, Red Lion-court, 
Fleet-street, London, E.C.4. [Price 15s.] 

{ Sxe ENGINEERING, vol. 159, page 161 (1945). 
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education only in non-scientific subjects, 15 had a 
higher education in mathematics, four had received 
“scientific higher education other than medical ” 
and the remaining 28 had been educated for 
medicine or pharmacy. This summary is notable 
enough in itself, but what is far more remarkable 
is that the list of the 15 who had received no formal 
higher education at all includes the names of Ampére, 
Bessel, Mare Isambard Brunel, Daguerre, Dalton, 
Daniell, Faraday, William Smith the geologist, 
and Wheatstone. The names show that the 
philosophic urge was not confined to the British 
Isles, as was only to be expected ; but it is worthy 
of note, in glancing over the lists of names, that 
Germany figures very little in the Eighteenth 
Century, in spite of the relatively advanced state 
there of various of the industrial arts. 

What is perfectly clear from these several chapters 
—especially, perhaps, from those of Dr. McKie and 
Dr. Sherwood Taylor—is that The Philosophical 
Magazine was launched in highly propitious circum- 
stances. The entire population of the British Isles 
was only about a third of the present figure and 
was still predominantly rural in occupation and 
residence ; universities were few and mainly inter- 
ested in classics and theology ; means of communi- 
cation were little in advance of those of Elizabeth’s 
reign. Printing, however—an art as fundamental to 
the spread of knowledge as the craft of the black- 
smith to manufacturing industry—had had a long 
start ; but there had been little scientific periodical 
literature in Britain apart from the Philosophical 
Transactions of the Royal Society, although, in the 
aggregate, Western Europe was much better sup- 
plied. Dr. McKie quotes H. C. Bolton’s Catalogue of 
Scientific and Technical Periodicals (1665-1882) as 
showing that 74 new journals originated between 
1725 and the close of the century, but Britain contri- 
buted little to this expansion until the extreme end of 
the Eighteenth Gentury., In its last decade, however, 
appeared the Repertory of Arts and Manufactures 
and Nicholson’s Journal of Natural Philosophy, 
Chemistry and the Arts. Nicholson’s Journal pre- 
ceded the Phil. Mag. by a year, and, 17 years later, 
was absorbed by it—probably one of the earliest 
examples of such a merger. Another factor, besides 
the smallness of the public to which a new scien- 
tific journal could appeal, was its relative density— 
practically the whole of the original clientele of the 
Philosophical Magazine must have been in London 
and the older universities; but the title-page of 
the first issue, reproduced in the commemorative 
volume, shows that its projectors had designs upon 
a wider field. Not only did it claim to cover “ the 
various branches of science,” but also “the liberal 
and fine arts, agriculture, manufactures and com- 
merce” ; and, in fact, the early volumes displayed 
some valiant efforts to do so, as is shown in 
an appendix to the first chapter of the present 
issue. 

The scientific and philosophical reading public 
may not have realised, before 1798, their need for 
a journal of the calibre of the Philosophical Magazine, 
but they seem to have shown a prompt appreciation 
when it was put before them. The preface to 
Vol. I, also reproduced, testified to “‘ the favourable 
reception our labours have experienced” and 
acknowledged the aid of ‘‘ those Scientific Gentle- 
men, in particular, who have assisted us. with 
Communications, as well as Hints respecting the 
future conducting of the Work.” (In parentheses, 
we may observe that the genus of those who are so 
ready with “‘ Hints respecting the future conducting 
of the. Work” of technical publication is by no 
means extinct, as most editors could bear witness.) 
It can hardly be said that Alexander Tilloch and 
his coHaborators “ builded better than they knew,” 
for there is every indication that they envisaged 
from the start nothing less than that noble standard, 
of achievement which they and their successors 
have successfully maintained in their “‘ grand Object 
to diffuse Philosophical Knowledge among every 
Class of Society.” What their preface proclaimed 
as their aim, they have accomplished with such 
singular fidelity that they must be given a generous 
measure of credit also for the continuation (to quote 
its concluding sentence) of “the great Progress 
that has lately been made in various Branches of 
the Philosophical Sciences.” 





ELECTRICITY SUPPLY IN 
1945-46. 


THE publication of the return of engineering and 
financial statistics* relating to authorised electricity- 
supply undertakings in Great Britain for the year 
1945-46 has followed rapidly upon the documentt 
which gave similar information for the previous 
twelve months. Before the series is complete, 
however, it will be necessary for volumes covering 
the two subsequent years to be issued. The 
Electricity Commissioners, or it would be more 
correct to say the ex-Electricity Commissioners, 
will then have bequeathed a mass of information 
regarding one of our leading industries which, if 
properly used, will provide a mass of accurate 
information for future historians. As we have said 
before, the successive editions of these statistics 
have the further advantage of being directly and 
easily comparable. It is to be hoped, therefore, that 
publication will be continued under “the new 
management,” and that the example set by elec- 
tricity supply or generation will be followed by 
other “nationalised ” industries. The taxpayers, 
who, after all, provide the financial backing for these 
gargantuan and not always successful bodies, are 
surely entitled to know in full detail what is being 
done and at what cost or profit to themselves. 

The period dealt with in this return coincided 
almost exactly with the cessation of hostilities 
both in Europe and in Asia, and with the first tenta- 
tive efforts to switch the industrial machine over 
from wartime to peace economy. The return itself 
includes full operating statistics of the individual 
local authority and private undertakings (which 
are tabulated separately) and in each case gives 
information regarding the system of supply, plant 
capacity, maximum load, load factor and electricity 
generated and/or purchased during the year. 
Financial data, such as capital expenditure and 
loans raised, are also given, while the various items 
chargeable to revenue are set out in detail. All this 
information is collated in a number of summary 
tables from which the general position of the public 
electricity supply in the country during the period 
under review can be ascertained. These statistics, 
however, do not tell the whole story. To obtain a 
complete measure of the extent of electrical develop- 
ment in this country, account must also be taken of 
the supplies derived by railway and tramway 
authorities from their own generating stations; of 
the output of the large number of private generating 
stations established by collieries and other industrial 
and commercial enterprises for the purposes of their 
undertakings; and of public supplies given by 
undertakings operating without statutory powers. 
It is to be hoped that now the preparation of these 
statistics has become the responsibility of the 
Ministry of Fuel and Power, a way will be found of 
rectifying this omission, which has not been the 
fault of the Commissioners. 

At the end of 1945-46 there were 569 authorised 
undertakings, including the Central Electricity 
Board and the North of Scotland Hydro-Electric 
Board, holding supply powers in the United King- 
dom, of which 564 were actually affording supplies. 
This was four less than in the previous year. About 
60 per cent. of the generating plant capacity and 
the same proportion of the output was the respon- 
sibility of the local authority undertakings, the 
remainder being in the hands of private concerns. 
On the same date there were 356 generating stations, 
or six less than in the previous year, containing, in 
the aggregate, 12,320 MW of plant, compared with 
12,177 MW in 1944-45. Of this total, 12,116 MW, 
or 98-35 per cent., generated alternating current. 
The concentration of generating plant in large 
stations still continued, since the 115 largest stations, 
or 32-3 per cent. of the total, contained 11,130 MW 
of plant, or 90-3 per cent. of the total. The change- 
over from war to peace-time conditions was reflected 
in the output from these stations, which amounted 
to 37,533 million kWh, compared with 38,425 
million kWh in 1944-45, a decrease of 1-9 per cent. 
It was, in fact, practically equal to the output in 
1943-44, which, in turn, was 6-2 per cent. higher 





* Electricity Commission: Electricity Supply, 1945-46. 
London: H.M. Stationery Office. {Price 11. 1s. net.] 
t See ENGINEERING, vol. 165, page 614 (1948). 





than in 1942-43 and would probably have been 
higher still but for the restrictions which were 
placed on consumption for domestic purposes. The 
addition of supplies purchased from outside sources 
brought the gross public supply up to 38,091 million 
kWh, compared with 38,635 million kWh in 1944.45, 
a decrease of 1-4 per cent. The sales to consumers 
were 31,684 million kWh, of which power accounted 
for 56 per cent. and lighting, heating and cooking 
for 39 per cent. It is interesting to note that the 
corresponding percentages for 1944-45 were 62 and 
34, respectively. There was, in fact, a falling off 
of 11 per cent. in the amount sold for power, which 
was not altogether offset by the increase in the 
domestic sales. 

Although supply on the alternating-current system 
increased its ascendancy, the direct-current system 
is ‘“‘an unconscionable time a-dying.” This is 
shown by the fact that while 554 undertakings gave 
alternating-current supplies, 228 of these also 
provided direct current, and 13 other undertakings 
furnished direct-current only. The latter figure 
was only two less than that for the previous year. 
A more accurate picture of the position, however, is 
given by saying that over 10-1 million consumers 
were supplied with alternating current, and only 
about 0-9 million with direct current. Frequency 
standardisation had resulted in the position that 
only six stations, with an installed capacity of just 
over 12 MW, were generating at other than 50 cycles 
per second. The aggregate of the individual 
maximum loads of the undertakings based on the 
electricity generated and/or purchased, was about 
12,277 MW, and on the generating stations of the 
undertakings, including the Central Electricity 
Board, about 10,837 MW. It may be noted that 
the corresponding figures for 1944-45 were 11,793 
MW and 10,383 MW, respectively. The change in 
conditions between the two years is, however, better 
indicated by the figure for the collective load factor, 
which was 39-5 per cent. in 1945-46, compared with 
42-1 per cent. in 1944-45, thus showing a relaxation 
of the productive effort reached during the war. 

As regards operating and financial data, the return 
shows that coal and coke consumption during 1945- 
46 amounted to 23,031,000 tons (including 4,323,000 
tons of pulverised fuel). The consumption in 1944- 
45 was 23,399,000 tons (including 4,202,000 tons 
of pulverised fuel). Unfortunately, the average 
cost per ton was no less than 448. 3d., compared 
with 39s. 5d. in 1944-45, and 34s. 9d. in 1943-44, 
increases which will be reflected in the higher prices 
charged to consumers. In addition, 7,255 tons of 
oil were used for boiler firing, compared with 5,613 
tons in 1944-45; and 12,737 tons in oil engines, 
compared with 13,045 tons in 1944-45, making a 
total of 19,902 tons of oil consumed in 1945-46, 
compared with 18,658 tons in the previous year. 
The average cost of this class of fuel, however, 
fell slightly, being just over 101. per ton in 1945-46, 
compared with 111. 3s. Od. in 1944-45. 

The total expenditure charged to capital account 
at the end of 1945-46 was 794,600,000/., compared 
with 775,401,000/. at the end of the previous year, 
the net capital expenditure in the two years being 
19,199,000/. and 12,206,000/., respectively, thus 
marking the somewhat weak attempt to coun- 
teract wartime cuts in the production of generating 
and other plant. The total revenue of all the 
authorised undertakings was 157,836,0001., compared 
with 151,946,0001. in 1944-45. This represented 
an average of 1-196d. per kilowatt-hour sold, com- 
pared with 1-121d. per kilowatt-hour in the previous 
year. For lighting, heating and cooking, the 
average revenue per kilowatt-hour in 1945-46 was 
1-525d., compared with 1-558d. in 1944-45, while 
for power supplies it was 0-873d. and 0-804d. per 
kilowatt-hour, respectively. The total working 
expenses amounted to 102,978,000/., compared with 
94,778,000/. in 1944-45, and absorbed 65-2 per cent. 
of the revenue compared with 62-4 per cent. in 1944- 
45 and 60-9 per cent. in 1943-44. Of the total 
working expenses, generation accounted for 59 per 
cent., compared with 58 per cent. a year earlier, 
the average working expenses per 1001. of capital 
expenditure being 12-9/., compared with 12-2/. in 
1944-45. The gross surplus was 58,986,000/., 4 
sum representing about 7-4 per cent. of the total 
capital expenditure. 
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NOTES. 


INTERNATIONAL CONGRESS OF APPLIED MECHANICS. 


Tue Seventh International Congress of Applied 
Mechanics is to be held at the Imperial College of 
Science, London, 8.W.7, from September 5 to 11, 
inclusive, Opening on the evening of Sunday, 
September 5, with an informal sherry party in the 
Union Building. Technical sessions will occupy the 
mornings and afternoons of the five days, Septem- 
ber 6 to 10, and the final general meeting will be 
held at 10 a.m. on Saturday, September 11, in the 
concert hall of the Royal College of Music, Prince 
Consort-road, S.W.7. The papers to be presented— 
amounting to between 250 and 300 in number— 
have been grouped in four sections covering, respec- 
tively, elasticity and plasticity; aerodynamics, 
hydrodynamics and meteorology ; thermodynamics, 
heat transfer, etc.; and vibrations, lubrication, 
experimental methods, methods of computation, 
etc. In addition, six special lectures are to be 
given, two on September 7, two on September 8, 
and one each on the mornings of September 9 and 10. 
These, in order, are on “‘Some Aspects of the 
Mathematical Theory of Turbulence,” by J. K. de 
Fériet ; ‘‘ Recent Developments in Turbulence 
Research,” by G. K. Batchelor; ‘‘ Recent De- 
velopments in the Mathematical Theory of Plas- 
ticity,” by W. Prager; ‘‘ High-speed Gas Flow,” 
by H. Lighthill; “‘ Vibrations,” by R. Mazet ; and 
“The Present State of Development of Experi- 
mental Stress Analysis,” by M. Hetényi. On 
the evening of September 7, the Vice-Chancellor 
of the University of London (Professor D. Hughes 
Parry) will receive the members at the Senate 
House ; on September 8, there will be an informal 
dance, arranged by the Imperial College Students’ 
Union; and on the evening of September 9 there 
will be a reception at Guildhall by the Lord Mayor 
of London (Sir Frederick M. Wells) and the Lady. 
Mayoress. On Friday evening, September 10, the 
Congress banquet will be held at the Connaught 
Rooms, Great Queen-street, London, W.C.2. 


DEVELOPMENT OF THE DE HAVILLAND GOBLIN 
TurBo JET ENGINE. 

In order to test its reliability, a standard de Havil- 
land Goblin turbo-jet engine was subjected recently 
to a seven-week test during which the engine ran 
each day under simulated combat conditions. The 
test was one of a series called for by the Ministry 
of Supply, and the conditions imposed are thought 
to represent the severest test to which an aircraft 
engine has ever been subjected. Combat conditions 
were reproduced by running the engine for different 
periods at speeds which conformed to the various 
phases of an interception flight, 12 “ flights,” with 
a ten-minute interval between each, having been 
carried out on each day of the seven-week period. 
Each test cycle comprised a 14-minute run at ground 
idling speed followed by five minutes taxying at 
5,000 r.p.m., the latter including three accelerations 
up to 7,000 r.p.m. The engine was then accelerated 
to 10,200 r.p.m. for 14 minutes to represent take-off, 
after which it was run at the maximum climbing 
speed of 9,700 r.p.m. for five minutes. The speed 
was then reduced to 8,700 r.p.m., at which speed it 
was kept for 35 minutes to cover interception time, 
followed by a five-minute combat period during 
which the engine developed full power. Descent 
after combat was represented by seven minutes at 
7,000 r.p.m., and each cycle was concluded by a 
further five-minute taxying period. The complete 
test corresponded to 462 operational flights and 
covered more than 500 hours running. As a pre- 
caution, the burners were changed at the conclusion 
of 303 hours running and one minor accessory drive 
was replaced after 308 hours running. It should 
be pointed out, however, that the burners were 
changed because of clogging of the filters incor- 
porated therein and not because of the occurrence 
of any defect: No warming up was permitted after 
halts and the total time spent on maintenance 
amounted to 13-2 man-hours. In all, the engine 
was run for 50 hours at maximum power for take-off 
and eombat, 394 hours at maximum climbing power, 
and 269} hours at maximum cruising power. The 
consumption was 136,000 gallons of fuel and 56 
gallons of lubricant. 





LETTERS TO THE EDITOR. 


LOCOMOTIVE POWER, EFFICIENCY 
AND RATING. 
To THE EpiTor OF ENGINEERING. 

Sm,—If you would allow me some space for a 
topic of possible interest, I would like to put forward 
a proposal for a new, and more complete and effec- 
tive, method of rating the power of locomotives. 
The method suggested is applicable to steam, electric 
and oil-engined locomotives and is quantitative on 
a weight basis, affording a ready means of comparing 
the capabilities of locomotives of different kinds 
and different sizes. In brief, it comprises four 
groups, each of two digits, signifying: (1) effective 
tractive effort at start (the rated tractive effort or 
one-quarter the adhesive weight, whichever is least) 
expressed as a percentage of one quarter of the total 
engine weight ; (2) the tractive force equivalent to 
indicated horse-power at full-power output on a 
one-hour rating basis, also expressed as a percentage 
of one quarter of the total engine weight and 
therefore directly comparable to (1) at start ; (3) the 
actual speed in miles per hour at which full power 
output on a one-hour rating is developed—so that 
(2) and (3) are directly related to indicated horse- 
power at full power output ; and (4) the maximum 
safe speed permissible or attainable, in miles per 
hour (which may be fixed for modern high-speed 
engines either by civil or mechanical engineering 
restrictions, or, for older and less freely-running 
engines, may be the highest speed attainable in 
normal service conditions). Thus, for example, a 
typical British 4-4-0 engine (1913 Great Central 
Railway “‘ Director”) might have a rating of 
57/32/31/89 by this proposed method; or a more 
modern British 4-6-0 (1927 L.M.S. ‘‘ Royal Scot ’’) 
might have a 70/40/32/92 rating ; while, hypothetic- 
ally, some super Bo-Bo electric locomotive of the 
future might have a rating not very far off 100/100/ 
100/100. From this latter point of view, the pro- 
posed method of rating approximates to an “ effi- 
ciency ” rating on a practical basis, where 100 per 
cent. is attainable, and 100 m.p.h. is taken as a 
practical safe maximum speed for railways. It is 
suggested that this proposed rating be termed the 
“‘ Operating Efficiency Rating ” or, preferably, the 
“Overall Performance Efficiency Rating”; in 
short, the O.P.E. Rating. Ifdesired, a fifth quantity 
signifying the overall thermal efficiency at full power 
output (one-hour rating) might be added also, to 
facilitate fuel consumption calculations and show 
economy. 

The adoption and general use of such a method of 
rating, which principally offers advantages in making 
operation calculations, zlso would usefully spread a 
wider knowledge of locomotive performance charac- 
teristics and capabilities, concerning which, at 
present, relatively few accurately-determined scien- 
tific data are generally available. These data, 
moreover, are less well known and understood than 
they should be, as discussions on locomotive per- 
formance so often reveal. Enthusiasts, cherishing 
optimistic illusions, ascribe amazing feats to their 
favourite locomotives, and sometimes (forgetting 
the gravitational assistance that even locomotives 
receive when descending favourable gradients) 
deny the existence of the natural laws of mechanics 
and thermodynamics if these refute their pseudo- 
theories. Thus, forexample, existing British express 
locomotives, which, in fact, can maintain, on the 
level, full-power outputs ranging from below 30 to 
rather over 40 drawbar horse-power per square foot 
of grate area, according to their size, boiler pressure, 
and design efficiency, are enthusiastically credited 
with the ability to maintain 50 drawbar horse-power 
per square foot of grate area, irrespective of size or 
other differences, because a very large and efficient 
French compound locomotive working at 290 lb. 
per square inch has demonstrated that ability. It 
has been contended, also, that to increase pressures 
above about 180 lb. per square inch (in new designs) 
can do little to increase the power/weight ratio and 
overall thermal efficiency, notwithstanding that 


‘natural scientific laws decree that thermal efficiency 


increases with increasing pressures—the gain in 
efficiency resulting from the fully effective use of 
steam at 350 Ib. per square inch instead of 180 lb. 








per square inch, with 250 deg. F. added superheat 
and exhaust at 15 lb. per square inch in each case, 
amounting to a 29 per cent. gain in favour of the 
higher pressure. 

Preferably, the proposed O.P.E. Ratings should 
be determined, by thorough tests of the actual loco- 
motives. Alternatively, in preparing new designs, 
they might be calculated correctly from complete 
particulars; or, more readily, when complete 
particulars are not available, they might be assessed 
approximately from the general dimensions and 
design characteristics. It is desirable always to 
designate O.P.E. Ratings appropriately, according 
to these three methods of determining them, as 
either O.P.E. (T), or O.P.E. (C), or O.P.E. (A) 
Ratings. The (T), (C), or (A) should be stated in 
every case. 

The following specimen O.P.E. (A) Ratings may 
be of interest. 














- Y Loco- O.P.E. (A) 
Year. | Railway. motive. Number. | Rating. 
1870 G.N.R. 4-2-2 No.1 39/30/18/85 
1898 G.N.R. 4-4-2 No. 990 43/29/21/85 
1903 = G.N.R. 4-4-2 No. 251 43/29/28/88 
1922 om Gita 4-6-2 No. 1470} 58/31/41/90 
1935 ..| L.N.E. | 4-6-2 No. 2509} 62/31/50/100 
1937 --| LMS. | 4-6-2 62/32/55/100 
| 





They indicate the trend towards full power at 
higher speeds. 
Yours faithfully, 
R. OPIE, 
B.Sc., M.LC.E. 
London, N.W.3. 
August 30, 1948. 





PROFESSIONAL RECOGNITION OF 
ENGINEERS. 


To THE Eprror oF ENGINEERING. 


Sir,—The report of the Committee on Professiona] 
Recognition,* in the 15th annual report (1947-48) of 
the Engineer’s Council for Professional Development 
(U.S.A.) contains the passage: ‘‘ There is a Marxian 
principle which seems to have some following in 
this country: ‘ Contribute according to ability and 
receive according to needs.’ Young American 
engineers do not accept this principle. “ae 
This principle goes back in origin, of course, far 
before the time of Marx; it was the basic principle 
of the first Christian Church nearly 2,000 years ago, 
and American engineers are not the only ones who 
do not accept the doctrine to-day. 

Neither is it the cnly doctrine from the same 
source which is not accepted. Soon after the first 
World War, Sir Josiah Stamp (later Lord Stamp) 
in his book, The Christian Ethic as an Economic 
Factor, reduced to an absurdity the idea that 
industry could be run on a basis of going two miles 
when one would suffice or of giving a client a cloak 
also when he asked only for a coat. He questioned 
the likelihood of being able to sustain a population 
of 46 millions on the principle of selling everything 
and giving to the poor, and was immediately quoted 
at length by nearly every newspaper and trade 
journal in the country—including, Sir, if memory is 
to be relied on, your own journal. 

Stamp’s analysis was, no doubt, very clever 
indeed. Obviously, it would be absurd to apply 
such Christian principles to industry and one must 
feel comforted in these times to know that the 
practicable limits of Christian ethics in industry 
are apparently as well recognised in America as in 
Britain. 


Yours faithfully, 
252, Abbey-road, ARTHUR 
Barrow-in-Furness, 
Lancs. 





LLoyr’s REGISTER SCHOLARSHIP IN MARINE ENGINEER- 
InNG.—The scholarship offered by Lioyd’s Register of 
Shipping on the results of a competitive examination 
held recently by the Institute of Marine Engineers has 
been won by Mr..K. G. McColl, a student at the Gamble 
Institute, St. Helens, and an apprentice fitter with 
Messrs. Cammell Laird and Company, Limited. The 
scholarship provides 4 three-year degree course in marine 
engineering at a university. 








* ENGINEERING, page 175, ante, 
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THE THIRD CONGRESS ON 
LARGE DAMS. 
(Continued from page 186.) 


Tue third of the four “ questions” to be dis- 
cussed by the Congress on Large Dams, at their 
meeting in Sweden from June 10 to 17 (‘‘ Question 
No. 10 ” in the programme, numbered consecutively 
from the First Congress) was concerned with “‘ The 
Most Recent Precautions to avoid the Formation 
of Piping.” The general report on this section, 
which included 15 papers, was prepared by the 
President, Professor Karl Terzaghi, of Harvard 
University, Cambridge, Massachusetts, and is given 
below, slightly abridged. 


PRECAUTIONS TO AVOID THE FORMATION OF 
Preime. 


The first attempt to establish a rule for estimating 
the critical head, said Professor Terzaghi, was made 
some 44 years ago by W. G. Bligh on a purely 
empirical basis. Since that time, the factors which 
determine the critical head have been investigated 
from every conceivable angle. The investigations 
were based on general construction and operation 
experience, failure statistics, conditions for the 
equilibrium of soils acted upon by seepage pressures 
and on model tests. The results are reviewed and 
commented upon by Mr. H. Prescott Hill (Great 
Britain), Dr. Hassan Zaki Bey and Dr. Serge 
Leliavsky Bey (Egypt), and Professor Z. Bazant 
(Czechoslovakia). Dr. Zaki Bey and Dr. Leliavsky 
Bey also discuss in detail the effect of scour along 
the downstream edge of dams on the critical head, 
such as the scour which caused the sudden collapse 
of the Rayah Menufi Intake in Egypt in 1910. 
However, scour of this type could not be considered 
@ pre-requisite for failures by piping, because many 
dams failed by piping a long time after construction, 
without preceding external scour on the adjoining 
river bed. 

Mr. T. A. Middlebrooks (United States) reported 
on the manifestations of piping on earth embank- 
ments. Earth embankments, he said, might fail 
by under-seepage or threugh-seepage. The failures 
due to under-seepage were divided into three cate- 
gories, namely, rapid discharge through tunnel- 
shaped openings in the subsoil of the embankment, 
preceded by the formation of a large boil or boils 
on the foreland of the dam, near the toe ; sloughing 
of the downstream slope due to seepage pressure in 
an upward direction on the underlying soil, which 
reduced the bearing capacity of the soil; and 
backward erosion by springs located at the toe of 
the embankment. These three types of failure due 
to under-seepage and the failures by through- 
seepage were illustrated by many examples. Piping 
phenomena in fluvio-glacial deposits were described 
by Mr. P. W. Werner and Mr. Egil Ljung (Sweden), 
and by Ing. G. Gysel and Ing. Charles Blatter 
(Switzerland). Ing. E. Ischy (France) reported on 
piping phenomena in a terminal moraine. 

Theory and model tests combined with experience 
led to the conclusion that a dam might fail by piping 
in two very different ways. Either the seepage 
pressure exerted by the percolating water caused a 
failure of the soil located beneath the dam, similar 
to the failure in a soil beneath an overloaded 
footing ; or else the soil was removed from beneath 
the dam along one or several more or less tortuous 
lines, by backward erosion from springs, until a 
continuous, tunnel-shaped passage was formed 
through which the impounded water could escape 
towards the foreland of the dam. The critical head 
for failures of the first category (failures due to 
seepage pressure) was determined by the laws of 
mechanics and hydraulics. Failure occurred as 
soon as the hydraulic head became equal to the 
critical head for the first time. In other words, the 
critical head was independent of time. 

The critical head for failures of the second cate- 
gory (failures due to progressive sub-surface erosion) 
could not be predicted on the basis of the laws of 
mechanics, because it depended, to a large extent, on 
minor geological details. For a given dam resting 
on a subsoil with a given average grain size, the 
critical head could vary between extremely wide 
limits, depending on the position, sequence and 





continuity of the individual layers of which the 
subsoil was composed. This fact was demonstrated 
by many observations, such as those which were 
made by Mr. Gysel and Mr. Blatter on the Aar 
dike. This dike rested on coarse-grained, fluvio- 
glacial deposits. By theory and model tests it had 
been shown on previous occasions that the critical 
head for a water-retaining structure resting on sand 
could be increased, by proper design, to values up 
to 1-5 times the length L of the line of creep. 
According to Bligh’s empirical rules, a dam on 
coarse-grained sediments should be safe with respect 
to piping, if the hydraulic head did not exceed a 
value of 0-08 L (coarse sand), or 0-11 L (sand and 
gravel); yet, on the Aar dike, extensive piping took 
place at a hydraulic head of no more than 0-06 L. 

In further contrast with failures by seepage pres- 
sure, failures due to sub-surface erosion might occur 
many years after construction and at a hydraulic 
head smaller than the maximum head under which 
the water had percolated through the subsoil on 
previous occasions. The importance of the difference 
between these two types of failure by piping could 
not be over-emphasised. The difference could be 
compared with that between the failure of a timber 
structure due to the overstressing of one of its 
members and the failure of such a structure due to 
local and progressive weakening of one of its 
members by the activities of termites. The pre- 
requisites for the first type of failure were deter- 
mined by the laws of applied mechanics, whereas 
those for failures of the second type were beyond 
the scope of theory and model tests. 

The minimum requirement for the foundations of 
a dam on permeable substrata was that the factor 
of safety of the foundation with respect to a failure 
in the subsoil by seepage pressure should be equal 
at least to 3. This factor of safety could be esti- 
mated by means of the theory of seepage pressures. 
However, the real factor of safety with respect to 
failure might be even smaller than unity unless 
adequate provisions were made for preventing sub- 
surface erosion. These provisions might have 
neither a static nor a hydraulic function ; yet they 
were as vital as those for protecting the members 
of a timber construction against decay or the attacks 
of termites. 

One possibility for preventing sub-surface erosion 
consisted in reducing the average hydraulic gradient 
along the “line of creep’ to so small a value that 
no erosion took place. To achieve this end, the 
foundation was designed on the basis of Bligh’s 
empirical rule or an equivalent, such as Lane’s 
“weighted creep” rule. This procedure could be 
compared to making a timber structure so strong 
that it would stand up in spite of partial destruction 
of the beams by termites or decay. It could hardly 
be considered economical, and the observations on 
the Aar dike showed that it was not even reliable. 
Although it was still extensively practised, it 
appeared that none of the dams described in the 
contributions to Question No. 10 was designed in 
such a manner. 

A second possibility was to prevent the removal 
of solid soil particles from beneath the dam, which 
could be done in three different ways. One method 
consisted in constructing a cut-off which interfered 
with the formation of continuous passages from the 
foreland of the dam through the subsoil to the 
reservoir. A second method consisted in covering 
the areas within which springs might develop by a 
filter layer. The layer was graded in such a manner 
that it retained all solid soil particles without inter- 
fering with the discharge of the seepage water. A 
third method consisted in tapping the flow of seepage 
water by a row of filter wells, which in turn pre- 
vented the formation of springs on the surface. 
The first procedure, involving the construction of 
a cut-off, served the double purpose of preventing 
the formation of springs and of reducing the loss 
of water due to seepage ; therefore, it was particu- 
larly suitable for dams on a subsoil having a high 
permeability. Filter layers (the second procedure) 
had no effect on flow pattern and discharge. Filter 
wells (the third procedure) caused a moderate 
increase of both the average hydraulic gradient and 
the discharge; nevertheless, they increased the 
critical hydraulic head very considerably. 

Constructed cut-offs consisted of a concrete 





cut-off wall, a row of steel sheet piles or a cut-off 
trench filled with clay. Mr. Middlebrooks pointed 
out that a steel sheet-pile cut-off on the Fort Peck 
Dam was almost ineffective, although it extended 
from the base of the core of the dam to the surface 
of an almost impermeable shale stratum. In spite 
of the cut-off, boils appeared in the proximity of 
the toe of the dam. In order to avoid further 
undesirable developments, filter wells were installed. 
According to Rice and Arthur, the United States 
Bureau of Reclamation installed graded filters even 
on earth dams which are equipped with a cut-off 
of any kind extending to bedrock. 

Grouted cut-offs were successfully installed in 
fluvio-glacial and recent river deposits by Mr. Mayer 
(France) and by Messrs. Gysel and Blatter, and in 
a terminal moraine by Mr. Mayer and Mr. Ischy. 
Mr. Mayer described a grout curtain which served 
the double purpose of intercepting the seepag: 
from the River Rhone through the highly permeable 
subsoil of the cofferdams into the foundation pit 
of a concrete storage dam and of preventing a 
failure of the slopes of the excavation by piping. 
Each grout curtain was formed by the injection of 
a clay slurry through drill holes arranged in two 
rows. After the clay was injected, the voids of the 
soil located between the two walls of clay-impreg- 
nated soil were filled by injecting a mixture of water- 
glass and hydrochloric acid. On the Lac Noir, 
according to Mr. Mayer and Mr. Ischy, the grouting 
was done to the leakage and piping on the down- 
stream side of a dam, which rested on a terminal 
moraine. Primary injection of a very viscous mix- 
ture of sand, cement and clay was followed by the 
injection of a mixture of clay and some cement, the 
injection of a chemically-treated clay slurry, and, 
finally, by that of chemicals in a liquid state. Mr. 
Mayer pointed out that even the chemically-treated 
clay slurry did not enter the voids of sand with a 
grain-size of less than about 0-2 mm. The voids 
of the layers with a smaller grain-size could only be 
filled by chemical injections. 

Mr. Gysel and Mr. Blatter injected the fluvio- 
glacial sediments located beneath the Aar dike 
with a slurry of Opalinus clay, having a plasticity 
index of 34. The slurry was mixed with some 
cement and a small amount of unspecified chemicals. 
The curtain reduced the leakage to a small amount 
and stopped piping. In every instance, the chemical 
treatment of the clay slurry served the purpose of 
intensifying the thixotropic properties of the clay. 
Specific information on the results obtained was 
furnished by Messrs. Gysel and Blatter. The 
resistance against the penetration of a modified 
Vicat needle into the slurry which was used on the 
Aar job increased from 1 kg. per square centimetre 
one or two days after the slurry was prepared, to 
about 10 kg. per square centimetre at the end of a 
28-day period. 

Horizontal filter layers were most advantageous 
on fairly homogeneous subsoil. If the subsoil were 
stratified, but the ratio between the average coeffi- 
cient of permeability in a horizontal and vertical 
direction were smaller than about 100, satisfactory 
results could still be obtained by adapting the 
width of the filter layer to the permeability ratio 
of the subsoil. If this ratio were greater than abeut 
100, it was necessary to supplement or to replace 
the horizontal filter by other means for protection, 
such as filter wells, as described by Mr. Middle- 
brooks. He also described an inclined filter which 
was installed on the Mud Mountain Dam at the 
boundary between clay core and rock shell, to 
prevent detrimental effects of through-seepage. 
Dr. Pierre Delattre (France) faced the problem of 
preventing the migration of soil particles towards a 
steep slope on fine sand during rapid drawdowns 
of the water level in the reservoir created by the 
construction of the storage dam at Genissiat, on the 
Rhéne, and solved the problem by covering the 
slope with a blanket consisting of medium sand, 
protected against wave erosion by a rockfill. 

Filter wells were used extensively and successfully 
by the United States Army Engineers. They had 
the advantage that their efficacy was independent 
of the details of stratification, and the installation 
could be started with shallow wells, widely spaced. 
If the readings on observation wells indicated that 
the initial installation was inadequate, the depth 
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and number of the wells could be increased until the 
performance of the system complied with require- 
ments. The general discussion of the filter-well 
method was supplemented by the description of the 
installations which were in successful operation 
on the Sardis, Arkabutla and Fort Peck Dams. 
The methods for designing filter-well installations 
were summarised by Mr. O. L. Rice and Mr. H. G. 
Arthur (United States). Filter-well drainage was 
also used in combination with a grouted cut-off, 
on the Lac Noir. On the Traryd power plant the 
installation of filter wells stopped incipient piping 
by seepage water which came out from beneath an 
impervious slope protection, as described by Mr. 
Werner and Mr. Ljung. 

Drainage trenches were used to advantage if the 
top stratum of the subsoil of an earth dam were 
considerably less permeable than the underlying 
strata. Drainage trenches were installed beneath 
the base of the Mohawk, Fort Supply, Great Salt 
Plains, and Franklin Falls Dams, and in various 
other structures. Obviously, the bottom of the 
trench should be located at or below the base of the 
relatively impervious top stratum and the ratio 
between the coefficient of permeability of the under- 
lying strata in horizontal and vertical directions 
should be small. The rules for the grading of filters 
were stated and the importance of strict adherence 
to them was emphasised by Messrs. Rice and Arthur, 
and Mr. Middelbrooks. The possible consequences 
of a radical departure from the fundamental rules 
for filter grading were illustrated by incipient 
piping on the Traryd power plant. The filter 
blanket described by Mr. Delattre did not comply 
with the accepted rules for the grading of filters, 
but it operated successfully. This was due, appar- 
ently, to the facts that the strata covered by the 
blanket were relatively uniform, the hydraulic 
gradient at which the water escaped into the filter 
was low, and the points of maximum hydraulic 
gradient changed their position continuously, 
because they followed the downward movement of 
the water level in the reservoir. 

Impervious blankets on the upstream side of 
dams were extensively used for the purpose of 
reducing the average hydraulic gradient at which 
the water percolated from the reservoir towards 
the discharge areas on the downstream side of the 
dam. A reduction of the hydraulic gradient also 
reduced the loss of water due to seepage and the 
danger of sub-surface erosion. The blanket might 
be made of reinforced concrete, according to Mr. 
A. Coyne (France), of clay (according to Messrs. 
Rice and Arthur, and Mr. Middlebrooks), or of any 
other suitable material. Impervious blankets were 
used, also, for reducing the loss of water through 
the sides of a reservoir. Since blankets on slopes 
were subject to wave action, they required protection 
by rockfill or other suitable means. Mr. 8. Elfman 
(Sweden) described a blanket which was used as a 
seal on the outcrop of an esker. Mr. Werner and 
Mr. Ljung covered a slope on very permeable 
fluvio-glacial sediments with a clay blanket, pro- 
tected by a superimposed rockfill. Whatever the 
construction material or the location of an imper- 
vious blanket might be, the exist area of the water 
which seeped through the soil beneath the blanket 
should be collected in filter wells. Otherwise, 
piping might ensue in spite of the low value to which 
the blanket reduced the hydraulic gradient of the 
escaping water. 

Exceptional conditions prevailed if the water 
escaped out of the reservoir through a fault zone 
occupied by decomposed rock or if the water- 
retaining structure were located above permanently- 
frozen ground. The sealing of a narrow fault zone 
in gneiss and mica schist by a concrete plug and 
cement injection was described by Mr. J. Pospisil 
(Czechoslovakia). Mr. Ischy described the treatment 
of a badly broken limestone formation underlying 
the Castillon Dam on the Verdon river. The widest 
cracks were cleaned by hand and filled with concrete, 
and the balance of the jointed rock formation was 
grouted with a mixture of cement, limestone dust 
and bentonite. The unconfined compression 
strength of the grout increased from 30 to 40 kg. 
per square centimetre after seven days to about 
80 kg. per square centimetre after 28 days. The 
grouting operations were supplemented by the 


installation of drainage wells (bleeders) downstream 
of the dam. The possibilities for the construction’ 
of storage dams under arctic conditions were the 
subject of a paper by Mr. J. P. Lewin (United 
States). 


DrEsIGN PROCEDURES. 


The design procedures practised by the United 
States Bureau of Reclamation were summarised by 
Messrs. Rice and Arthur. The design was based on 
the results of test borings and soil tests. However, 
it should be emphasised that a dam might fail in 
spite of design in accordance with the results of a 
competent and conservative stability computation, 
unless two independent supplementary conditions 
were satisfied. These conditions were, first, that 
adequate provisions must be made to prevent 
sub-surface erosion. These provisions need not 
have any static or hydraulic functions, because they 
were no more than an equivalent of the means for 
protecting steel against corrosion or timber against 
termites or decay. Secondly, the geologic and 
permeability profiles of the dam site should be at 
least approximately correct. The first condition 
could be easily satisfied by using one of the proce- 
dures previously described. On the other hand, 
compliance with the second condition might be 
difficult or even impracticable, because the infor- 
mation obtained from test borings and soil tests 
was inevitably incomplete and vital geologic details 
might remain undetected. If the permeability 
profiles failed to give reasonably accurate informa- 
tion regarding the variations of the permeability 
within the strata through which the water seeped 
out of the reservoir, zones of potential sub-surface 
erosion might be left without any protection. On 
account of the inevitable uncertainties associated 
with the results of sub-surface exploration, it was 
general practice to check the forecasts regarding 
seepage conditions against reality by means of field 
observations during and after construction. 

The most important means for securing informa- 
tion on the effect of cut-offs, filters and impervious 
blankets on the seepage regimen were observation 
wells and, in permeable subsoils, piezometer tips 
connected with pressure gauges of some sort. 
Observation wells were installed in great numbers 
on the Traryd power plant in the esker at Namforsen 
and in the terminal moraine on the Lac Noir. 
Piezometer tips communicating with pressure 
gauges were extensively used by the United States 
Bureau of Reclamation. According to Messrs. 
Rice and Arthur, all major earth dams constructed 
by the Bureau since 1934 were equipped with 
piezometer installations. Messrs. Gysel and Blatter 
described a procedure for determining the variations 
of the permeability of the subsoil in vertical direc- 
tions by means of water-pressure tests in drill holes. 
The location of the water veins leading from the 
reservoir towards the boils at the toe of the Aar 
Dike was ascertained by means of colouration tests. 


(To be continued.) 
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| MINERAL DEVELOPMENT IN NORTHERN IRELAND.— 
|An arrangement to sink two deep bores and extend an 
existing shallow bore in the area east of Coalisland, 
Northern Ireland, has been entered into between the 
Ministry of Commerce for Northern Ireland and Messrs. 
Richardson, Timmins and Company, Limited, of Bletch- 
ley, Buckinghamshire. The work forms part of an 
exploratory programme for mincral development which 
the Northern Ireland Government is undertaking and 
it has been planned by the Geological Survey for Northern 
Ireland. The resumption of this Survey as a permanent 
service in Northern Ireland began in April, 1947, and the 
re-mapping of the geology of Northern Ireland has 
begun in the Coalisland area, which is believed to be the 
most promising coal-bearing area. The boring pro- 
gramme is designed to explore the geology of the region 
between Coalisland and Lough Neagh, where there is 
considered to be probably an extensive coalfield. At 
the same time it is realised that the exact geology 
of this area is largely unknown, and the possible 
economic value of mineral resources there can only be 
assessed by boring. Qn the results of the preliminary 
bores, which are expected to take a year to complete, will 
depend mainly the future programme of exploration in 
that area. The Survey is not concerned merely with the 
proving of coal, but with pursuing its normal programme 








of geological research. 


THE AERONAUTICAL CON- 
FERENCE, LONDON, 1947. 
(Concluded from page 187.) 


THE question of the alleviation of the worst 
effects of gusts by such methods as that adopted 
by Mr. A. E. Russell of the Bristol Aeroplane Com- 
pany, whereby the change of incidence produced 
by a gust is anticipated and avoided by the rapid 
use Of ailerons as flaps to alter the lift characteristics 
of the outer sections of the wings, was one of many 
interesting matters raised by Mr. H. Knowler, of 
Messrs. Saunders-Roe, Limited, in reviewing the 
structural problems of large aircraft. He suggested 
that the dynamic effects of gusts, especially on 
highly flexible structures, comprised the only new 
problem in large aircraft design, the major problem 
of preventing the structure weight from increasing 
in proportion to size being common to aircraft of 
all sizes. Arguing that the essential problem of the 
large aeroplane arose from the demands of long- 
range economical payload transport, where the 
weights of structure and fuel were equally signi- 
ficant, and demanded tighter selection of the para- 
meters controlling structural economy and aero- 
dynamic efficiency, Mr. Knowler introduced some 
instructive comparisons of structural alloys and 
alternative methods of fabrication, and described, 
with a good deal of interesting detail, the methods 
adopted for pressurising a large flying-boat hull and 
incorporating integral fuel tanks into the general 
structure. 

Other references to the contributions which 
improved materials might make towards structural 
efficiency were made by Professor N. J. Hoff, of 
the Polytechnic Institute of Brooklyn, in the course 
of a paper on thin-walled monocoques. While fully 
appreciating, and in no sense belittling, the present 
trends towards thick-walled sandwich-type con- 
struction, he maintained that the thin-walled 
monocoque was eminently suitable for high-speed 
craft in the subsonic speed range, and was insistent 
that reinforced thin-walled construction should 
continue to be investigated by all the theoretical 
and experimental means at the disposal of stress- 
analysts. In the course of a largely mathematical 
paper, he surveyed methods of calculating the 
stresses in, and the load-carrying capacity of, 
typical given structures, directing little attention 
to the means of arriving at the most efficient 
structural form. 

More attention to this latter aspect was given by 
Dr. D. Williams, of the Royal Aircraft Establish- 
ment, in a paper which suggested how some novel 
structural properties of stressed-skin wings might 
be exploited in the search for greater weight eco- 
nomy. He paid particular regard to the problems 
raised by wing flutter, loss of aileron control, and 
gust loads at high speeds, applying his arguments 
to the structural properties of box beams repre- 
sentative of wing sections as affecting the relation 
between the inertial and flexural axis. Dr. Wil- 
liams’s proposals constitute an unorthodox means of 
surmounting some of the aero-elastic problems due 
to the extension of flight into compressible air, 
broadly by accepting structural flexibility, and 
controlling it to achieve strength and stability. His 
paper included calculations on a hypothetical wing 
having flexible wing tips such that wing distortion 
was made use of to reduce the magnitude of gust 
loading. The theories entailed are being tested by 
wind-tunnel experiments on a xylonite model of a 
flexible twin-aileron wing. 

The analytical aerodynamic approach also pre- 
dominated in a study, by Mr. Raoul Hafner, of 
rotor-systems and control problems in the helicopter. 
During the ten years since Hafner first demonstrated 
his gyroplane, he has met and surmounted a great 
many problems of rotor design, and he emphasised 
in his paper the difference between the helicopter 
and the aeroplane, demonstrating clearly that nearly 
every helicopter problem has proved to be much 
more complicated than appeared at first sight. 
These points he illustrated by a survey of the aero- 
dynamic requirements of helicopter rotors, and the 
structural and mechanical means that have proved 
necessary to achieve successful control of the rotor 





blades. They are evident, too, from the details he 
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gave of the rotor machinery in the Bristol helicopter, 
with which Mr. Hafner is intimately associated on 
the design side. He retained, nevertheless, a robust 
faith in the type of aircraft which he has played a 
notable part in pioneering, and while recognising 
that research on a large scale was necessary to 
develop the helicopter to the mass production 
stage, maintained that its peculiar qualities made it 
the fastest form of ‘“‘ door to door” transport over 
distances between 30 and 300 miles. 

Mr. Hafner’s paper was supplemented valuably 
by an American paper on helicopter power-plant 
installation, by Mr. R. M. Stanley, of the Bell 
Aircraft Corporation, who confined his attention to 
the technical and economic problems entailed in 
adapting a piston engine to drive a very low-speed 
high-torque rotor. The data presented in the 
paper were derived from experience with engines 
ranging from 150 to 550 h.p. and eight different 
helicopter models. Mr. Stanley dealt in turn 
with the aspects of weight—power requirements, the 
relations between engine and rotor, and the charac- 
teristics of the rotor necessary both for the adequate 
performance of the machine as a whole, and for 
furnishing cooling air to the engine under various 
conditions of flying and maneuvring. The last 
consideration bears directly on the advantages and 
disadvantages of alternative methods of engine 
suspension. In Mr. Stanley’s opinion, most present- 
day helicopter engines are overworked, are forced 
to operate their entire life at maximum allowable 
speed, are subject to adverse internal erosion as 
the consequence of inadequate filtering, and cannot 
be operated under conditions promoting high fuel 
economy. In such circumstances, and also because 
the demand for helicopters hardly justifies the 
development of a special type of piston engine, the 
idea of a jet-propelled rotor, such as that being 
developed, by the McDonnel Aircraft Corporation in 
St. Louis, in which elliptical ram jets are situated 
at the tips of the rotor blades, is undoubtedly 
attractive and promising. 

Since the attention devoted to various aspects 
of the internal-combustion turbine, along with 
the preoccupation about ultra-high speeds of 
flight, was among the outstanding features of the 
Aeronautical Conference, it is not unexpected to 
find the advocates of all types of piston engine 
on the defensive. Such was the attitude adopted, 
not at all optimistically, by Mr. R. M. Hazen, of 
the Allison Engine Division of General Motors 
Corporation, in his paper on factors affecting the 
future development of reciprocating engines. Mr. 
Hazen concerned himself predominantly with the 
compounded reciprocating engine, indicating where 
it compared favourably with the turbo-propeller 
engine, and otherwise making out the best possible 
case for the reciprocating engine. Eventually, 
however, he was compelled to the conclusion that 
the reciprocating engine had a future only for such 
time as. was required to develop turbo-propeller 
engines in the necessary sizes. It was the almost 
unanimous opinion of delegates who contributed 
to the discussion on Mr. Hazen’s paper that the 
piston engine for aircraft was dead, not the least 
factor likely to ensure its permanent decease being 
the unwillingness of engine designers to embark 
on any sort of reciprocating-engine development, 
since they felt that it was inherently obsolete and 
almost certain to be unwanted by the time the 
development could be finished. 

Among the minority who did not wholly subscribe 
to that opinion was Mr. F. M. Owner, of the Bristol 
Aeroplane Company, who remarked, in the introduc- 
tion to his own paper on the propeller-turbine aero- 
engine, that, just as the steam turbine and the 
Diesel engine had not entirely supplanted the 
reciprocating steam engine, so in aeronautics there 
was always likely to be a field of use for which the 
reciprocating, turbine, and jet aero-engine would 
each prove best suited. The high probability that 
the appropriate ranges of application would overlap, 
adding to the difficulty of the designer’s choice, 
enhanced the value of Mr. Owner’s paper, in which 
he set out the reasons why propeller-turbine engines 
would be needed, during the next ten years, for all 
ranges of passenger transport machines and for 
long-range freighter aircraft. In a comprehensive 
review of the subject, he dealt with the thermo- 





ic characteristics of the propeller turbine, 
the desirable layout of the power plant, the criteria 
of efficiency, the problems of compressor and turbine 
construction, and the design of reduction gearing. 
The paper included a critical consideration of coupled 
turbine engines and was instructive on questions of 
economics and alternative engine-layout arrange- 
ments to suit different shapes and types of aircraft. 
Propellers were envisaged, capable of absorbing up 
to 10,000 h.p., at flying speeds up to 550 m.p.h., 
the difficulty of weight being surmounted by 
developments in hollow steel blades having internal 
structural reinforcement. In asserting the superi- 
ority of the propeller turbine over the ducted fan 
for transport aircraft, Mr. Owner was supported 
by some informed American as well as British 
opinion in the course of a vigorously controversial 
discussion, and he was not alone in adhering to the 
firm conviction that there was still a long and useful 
life for propeller propulsion. 

The problems of power-plant icing, mentioned 
incidentally by Mr. Owner, were treated in detail 
with reference to turbine engines by Mr. A. G. 
Elliott, of Messrs. Rolls-Royce, in a remarkably 
comprehensive paper which was read and defended 
(in Mr. A. G. Elliott’s absence) by Dr. E. W. Still. 
Anti-icing, implying the prevention of ice formation 
as distinct from the removal of ice after formation, 
by de-icing measures, was regarded as the only 
satisfactory solution, and the approach to it in the 
ease of turbine engines was made from the anti- 
icing requirements for piston engines which were 
regarded as known in consequence of extensive 
experimental research. Much the same general 
procedure was advocated for the problems of 
turbine-engine icing that remain unsolved, the 
preferred experimental equipment being a “ high- 
altitude condition’ icing tunnel, or failing that, 
appropriate flying test-beds. Mr. Elliott’s paper 
discussed the weather conditions to be surmounted 
by anti-icing devices, reaching the conclusion that 
ice formation must be prevented, even though 
icing conditions were encountered only during a 
small proportion of flying time. Turbine engines 
were grouped under three heads: plain jets, tur- 
bines driving propellers, and ducted-fan systems, 
and for each in turn consideration was given to the 
susceptible features, the effects of ice accretion, and 
the relative merits of alternative means of preventing 
it. Brief reference was made to the principle of 
momentum separation, but the balance of favour, 
and consequently of attention, fell to heating 
schemes, of which those depending on heat derived 
directly from the engine, or indirectly from electrical 
equipment, were compared instructively from 
various standpoints, such as weight, cost, parasitic 
drag and thermal power, as well as effectiveness. 
As regards the power plant alone, the necessity for 
a bird guard, or débris screen, over the air intake 
evoked the suggestion for a retractable type of such 
screen if—as was not universally evident from the 
discussion—the axial as well as the centrifugal type 
of compressor should not be able to deal successfully 
with large foreign bodies. For the compressor 
itself, Dr. Still advanced the attractive idea of 
making the blades of magnetic material so that 
rotation of the moving blades past those in the 
stator should generate enough eddy-current heat to 
prevent ice formation. 

Mr. Elliott’s paper included a survey of anti-icing 
requirements and methods for aircraft wings and 
propellers, and some account of the experimental 
work done by the author’s research staff. Supple- 
menting them, and extending them to all susceptible 
items of the aeroplane structure, was an American 
paper on icing problems by Mr. Abe Silverstein, 
who was in charge of specialised test equipment, 
including an icing tunnel, at the Cleveland Labora- 
tories of the National Advisory Committee for Aero- 
nautics. This author presented an analysis of the 
effects of icing on aeroplane performance and 
discussed preventive measures appropriate for the 
various affected components, including the induction 
systems of reciprocating engines. Among many 
interesting anti-icing devices that he mentioned 
was a windshield constructed of multi-pane electric- 
ally-conducting glass, in which the inner surface of 
the outer panel was coated with a transparent 
electrical conductor. The very fact that two 





papers at an important conference were devoted to 
icing problems is evidence of the importance of the 
subject, and supports Mr. Silverstein’s view that 
anti-icing devices should not be considered as 
appendages to an aircraft, but as an integral part 
of the design, introduced and incorporated at the 
outset. 

Another aspect of the effects of air temperature 
predominated in a discussion of modern operational 
factors affecting airworthiness, by Mr. K. T. Spencer 
of the Ministry of Supply, and Mr. P. A. Hufton, of 
the Ai and Armament Experimental Establish- 
ment at Boscombe Down. These authors held the 
view that, at the present time, in the border-line 
region between operational and airworthiness 
practices, the most urgent problem was that of 
taking account of variations in an aircraft’s perform- 
ance arising from the fact that the atmosphere in 
which it actually flew differed from the theoretical 
international standard atmosphere on which its 
estimated performance was based. Concentrating 
attention on this so-called “‘ temperature accounta- 
bility ” effect on airworthiness, they first examined 
the appraisal of maximum safe take-off weight, 
and concluded that the “geographical altitude ” 
and the “equivalent density altitude ’’ methods, 
which the operator was required to use under the 
I.C.A.0. Rules, were both gross over-simplifications 
of an inherently complex situation. Not only do 
these established methods give different answers, 
but they err on the wrong side of seriously over- 
estimating the take-off performance, to extents 
which differ for machines having different types of 
power plant. Current international rules are thus 
shown to encourage serious over-loading at tropical 
aerodromes where atmospheric characteristics may 
differ markedly from the standard atmosphere. The 
errors were not large when take-off distances were 
based on the assumption of reciprocating-engined 
craft, with all engines operating; but the advent 
of jet propulsion and the introduction of the “ one- 
engine out” condition have quite changed the 
situation. The remedy is to introduce “‘ tempera- 
ture accountability’ into airworthiness rules, 
especially those governing the relations between 
weight and take-off conditions; and the paper 
indicated the lines on which this should be done, 
pointing out incidentally that, until international 
agreement is reached on the matter, the more 
scrupulous air operator is at a competitive disadvan- 
tage as compared with others justifying themselves 
by existing, faulty regulations. 

These factors may be usefully added to those 
of which Mr. A. E. Raymond, vice-president of the 
Douglas Aircraft Company, took account in a brief 
survey of some aspects of transport aeroplane 
development. This paper, presented in the absence 
of the author by Mr. Oliveau, Director of the 
European Division of Douglas Aircraft, was con- 
cerned chiefly with the influences of size upon the 
design of transport aircraft, and dealt in turn with 
the effects of size on weight, control effort and con- 
trol systems, and performance characteristics. The 
cautious conclusion was drawn that foreseeable 
airline needs can hardly justify the tremendous 
expenditure entailed in the development of bigger 
commercial machines. 

These American views, expressed at a moment 
when large British machines like the Brabazon I 
and the Saunders-Roe were actively in hand, 
promoted a vigorous discussion, in the course of 
which the distinction was emphasised between 
flying speed and speed, or time, occupied over a 
complete air journey. This point also has an 
important bearing in appraising the economics of 
personal (that is, privately-owned and operated) 
aircraft, which was the subject of a paper by Mr. 
Grover Loening, who had assisted Orville Wright 
in 1913 and subsequently worked with the Curtiss 
Wright and the Grumman Aircraft Corporations in 
the United States. He took the view that the 
development of the personal aeroplane had fallen 
far short of the enthusiastic predictions made when 
the war ended. American sales of such machines 
had fallen drastically below the peak of 4,700 for 
the month of August, 1946, whereas the volume of 
automobile sales had increased greatly and pro- 
duction was barely keeping pace with demand. 
A large proportion of the private aeroplanes pur- 
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FLOOD DAMAGE TO BRIDGE OVER WHITEADDER WATER, NORTHUMBERLAND. 





chased were resold, and the conclusion on all 
accounts was that the personal aircraft was too 
costly, both in capital and operating charges, to 
command a mass market. The possibilities of design 
improvement were by no means exhausted, among 
which the reduction of noise figured prominently ; 
but all such improvements tended to increase the 
purchase price, and for the same reasons, as well as 
difficulty of piloting, the helicopter held out little 
promise. Mr. Loening mentioned some develop- 
ments of the near future—the ‘“ roadable” aero- 
plane or winged motor-car, and the “‘ convertible ”’ 
helicopter in which the rotors are used initially to 
raise the machine vertically into the air and then 
gradually inclined to convert the helicopter into a 
fast-flying aeroplane—but he was not very sanguine 
about their chance of commanding a mass- 
production market. 

Mr. T. P. Wright, Administrator of Civil Aero- 
nautics in the United States, also took a serious view 
of the economic problem in his ‘‘ American Appraisal 
of Personal Aircraft,” yet maintained that this type 
of machine could easily become the most important 
factor in the aircraft industry. He considered that 
effort should be concentrated on developing the 
four-seater family aeroplane, designing it for safe 
and convenient operation, and a cruising speed of 
150 m.p.h., at a 12 per cent. reduction in production 
cost. He, like Mr. Loening, regarded the “ flying 
automobile” as a development of considerable 
interest, more particularly as enhancing the utility 
of the personal machine, which he considered of the 
utmost importance in popularising its use. In 
discussing long-term possibilities, the last two 
papers are more speculative than most of the others 
comprising the Conference proceedings, but none 
of the authors can be accused of lacking enterprise 
and foresight any more than expert knowledge of 
their particular field of aeronautical science. The 
result is a comprehensive document to stimulate 
the imagination of engineers over a wide range of 
interests, and a most valuable statement of the 
present position and future trends in aircraft design 
and operation. 





THE UNITED STATES POTASH INDUSTRY.—Returns for 
1947 of the potash industry in the United States show 
that the production of potassium salts during that year 
amounted to 1,905,776 short tons, containing 1,029,875 
tons of equivalent potash. The domestic consumption 


SEMI-PERMANENT BRIDGES IN 
FLOODED BORDER COUNTRY. 


FurRTHER particulars are now available of the con- 
struction of semi-permanent Bailey bridges by the 
Royal Engineers, to replace bridges that were washed 
away in north-east England and south-east Scotland 
owing to the heavy rainfall in those areas on August 12 
and 13. All the semi-permanent bridges have been 
completed except one—the most substantial engineering 
task—which will span a 420-ft. gap over Whiteadder 
Water (a tributary of the Tweed), about 3 miles west 
of Berwick, on the main Berwick-Kelso road. The 
Royal Engineers have designed this Class 40 bridge ; 
the County Surveyor, Northumberland, is responsible 
for the construction of four piled piers which are 
expected to be completed, with some military assist- 
ance, on October 6, when the Royal Engineers will 
erect five Bailey-bridge spans, deck them, etc., in about 
five or six days. It is anticipated that this semi- 
permanent bridge will be required to last about five 
years. 

The final figures for the number of road bridges 
washed away are 33 in Scotland and 15 in England. 
The Ministry of Transport requested Army assistance 
for constructing 13 bridges in Scotland and two in 
England, the military load classifications being either 
70 or 40. The Royal Engineers started the con- 
struction of the bridges in Scotland on August 22, 
and completed the work eight days later, having erected 
1,050 ft. of bridging. The bridges were constructed 
mainly by 120 recruits in their eighth week of training, 
from No. 8 Training Regiment, R.E., Elgin. One 
bridge, near Cockburnspath, on the Ministry of Trans- 
port road, Al, was built in seven hours at night with 
the aid of two R.A.F. floodlights. Three near Kelso 
were erected by civilians under the supervision of R.E. 
officers, and the last to be completed was built by a 
Territorial Army unit, No. 585 Field Squadron, Royal 
Engineers (T.A.), at Whittingehame, on Sunday, 
August 29. In England, a 110-ft. Bailey bridge was 
constructed between Wooler and Doddington. 

The bridge over Whiteadder Water that was washed 
away was a deck bridge of three double lattice-girder 
Spans on two piers. The remnants of it are shown in 
the aerial photograph (looking downstream) reproduced 
in the accompanying illustration. The south abutment 
lay at the end of a sharply curved embankment about 
12 ft. above a flood-plain, which was covered with water 
by the storm. The water penetrated the masonry facing 
of the abutment and undermined it, causing the south 
end of the southern span to drop. It is thought that, 
shortly after, trees must have been caught by the roots 
in the lattices of the central span and the fallen southern 
span, and that more floating debris must have col- 
lected. The southern pier probably overturned 
owing to the side pressure; no trace of it has been 





reached a new high record, being just over a million short 
tons of K,0. 


found by sounding. The central span of girders rests 
on a mud bank 200 yards downstream. Only the north 
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pier and span remain, but one of the two masonry 
columns of the pier is badly damaged. 

It is not possible to use the remnants of the old 
bridge for either the semi-permanent structure or the 
new permanent bridge which will doubtless be built 
some time in the future. The County Surveyor has 
therefore decided to alter the line of the future per- 
manent bridge from that of the old one, 80 that it will 
cross the river at an angle, thus providing easier access 
from the approach roads. The semi-permanent bridge 
must also lie parallel to, but a few yards upstream 
of, the line of the final bridge. The line chosen is 
from the north embankment at a corner of a retaining 
wall on the west side of the old bridge to a point on the 
opposite bank 438 ft. distant. The south end of the 
bridge will be 4-2 ft. higher than the north end. The 
distance of 438 ft. is too great for a single span of 
Bailey bridging without intermediate supports, and it 
has therefore been decided to build four timber-piled 
piers, the highest of which will be about 30 ft. above the 
river bed. The design of the proposed bridgeshows that 
it-will comprise, from north to south, a 101-ft. triple- 
truss span ; a 102-ft. triple-truss span ; an 82-ft. span 
(mainly double-truss); an 82-ft. double-truss span ; 
and a 71-ft. double-truss span. As the piled piers may 
sink slightly under traffic, it was decided not to make 
the bridge a continuous 438-ft. girder, but to “‘ launch ” 
five spans which would be connected finally only at the 
bottom chords directly above the heads of the four 
piers. There will be a single carriageway 10 ft. 9 in. wide. 

The civil authorities are expected to commence 
driving the timber piles on September 6, and to complete 
that part of the work by October 6. Test piles have 
already been driven. The Army have lent a pile- 
driver and a Bailey pontoon raft to carry it, as at least 
two of the piers will be in water. A small party of 
sappers has been sent from the School of Military 
Engineering at Ripon to build the raft and operate 
the pile-driver. The pile-driver weighs about 20 tons, 
and the raft has a buoyancy of about 46 tons to allow 
some piles, etc., to be carried. The bridge will be 
launched from the north bank by the counterweight 
method, i.e., it will be pushed forward over the gap, 
with a light Bailey-bridging nose, with the main bridge 
acting as a counterweight. It will be propelled by 
men, who will be assisted by a bulldozer pushing at the 
rear or pulling from the opposite bank of the river by 
means ofa winch. The plane of launching will be at an 
angle of 1 in 265 to the horizontal, to allow for the 
difference in heights of the banks and for the sagging 
of the nose during launching. The launching weight 
of the undecked bridge will be approximately 85 tons, 
and when it has been decked and built up to the deuble- 
and triple-truss form already described,.it will weigh 
about 120 tons. It will carry a 40-ton military tank, 
or a 25-ton wheeled load followed by wheeled traffic 
weighing 15 tons. The construction of the bridge will 
be carried out by a squadron of officer cadets and 





sappers from the School of Military Engineering. 
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PERSONAL. 


Mr. H. Constant, M.A., at present a Deputy Director 
of the Ministry of Supply’s National Gas Turbine 
Establishment, has been appointed Director, as from 
September 1, in succession to Dr. H. ROXBEE Cox, 
D.I.C., B.Sc. (Eng.) (Lond.), M.I.Mech.E., F.R.Ae.S., 
who has been appointed Chief Scientist at the Ministry 
of Fuel and Power. 


Mr. JamMes Brioas, M.1.C.E., assistant chief engineer, 
London Midland Region, British Railways, has been 
appointed Civil Engineer of the Region as from Septem- 
ber 1, in succession to Mr. W. K. WALLAceE, M.I.C.E., 
who is retiring. 

Dr. W. A. MACFARLANE, who has been director of 
fuel efficiency in the Ministry of Fuel and Power for the 
past seven years, has been “lent” by that Ministry to 
the Department of Scientific and Industrial Research for 
about two years. He is sailing in October to take up the 
appointment of director of the United Kingdom Scientific 
Mission in the British Commonwealth Scientific Offices in 
Washington. He will also be attaché for scientific 
questions to the British Embassy. The present director 
of the Mission, Dr. F. N. Woodward, is returning to the 
United Kingdom towards the end of the year. 


Mr. S. H. FISHER, C.V.O., chief operating manager, 
London Midland Region, British Railways, has been 
appointed deputy chief regional officer as from October 1, 
in succession to Mr. T. W. Roy ez, C.V.O., M.B.E., who 
is to retire on September 30. 

Mr. GERALD STEEL has been nominated a vice-presi- 
dent of the Iron and Steel Institute, 4, Grosvenor-gardens, 
London, S.W.1, and Mr. W. BaRR has become a member 
of the Council. Mr. A. H. GoODGER has agreed to serve 
as an honorary member of Council during his presidency 
of the Manchester Metallurgical Society. 

Sm JAMES SWINBURNE, Bt., F.R.S., has relinquished 
the position of chairman of Bakelite Limited, 18, Gros- 
venor-gardens, London, S.W.1, but is remaining a director. 
Mr. H. V. Potter, B.Sc., F.R.I.C., M.I.Chem.E., has 
been elected chairman, but will continue to act as manag- 
ing director of the firm. 

The headquarters of the ExPoRT LICENSING BRANCH 
of the BoarRD oF TRADE, now at Stafford Heuse, King 
William-street, will be removed, as from September 13, 
to Regis House, King William-street, London, E.C.4. 
(Telephone: AVEnue 3111.) 

A firm known as LieypDs ENGINEERING COMPANIES 
Liwtrep has been formed to acquire financial interests 
in various manufacturing and trading concerns in the 
electrical-engineering field. The chairman is Mr. A. G. A. 
Raney, F.C.A., and the managing director, Dr. FREDE- 
RIcK LiLoyp-KEsszeL. The registered office of the 
company is at present at 6, Southampton-place, London, 
W.C.1. 

Messrs. F. A. HUGHES AND COMPANY, LIMITED, are 
removing their offices to Bath House, 82, Piccadilly, 
London, W.1, as from to-morrow, September 4. (Tele- 
phone : GROsvenor 6300.) 


MEssRS. MACROME LIMITED, Aldersley, Wolverhamp- 
ten, have appointed the West African Engineering 
Company, Limited, P.O. Box 8, Sekondi, Gold Coast 
Colony, to be their agents in West Africa; the British 
Italian Trading Company, Limited, 75, Bishopsgate, 
London, E.C.2, to be their agents in Italy ; and Messrs. 
Nielsen & Danielsen A/S., Tollbodgt 25, Oslo, to be 
their agents in Norway. 


Messrs. BRITISH INSULATED CALLENDER’S CABLES 
LIMITED, announce that, as from Monday, September 6, 
their Edinburgh branch office will be transferred to 
80-82, Hanover-square, from 15b, St. James’s-square. 

THF AMERICAN LIBRARY js now open again at a new 
address, 5, Grosvenor-square, London, W.1. Mr. 8. B. 
CHILD remains the director. 





CONTRACTS. 


Messrs. H. FISHER (OLDHAM), LimITeD, Glodwick- 
road, Oldham, Lancashire, have secured an order from 
the Argentine for the supply of their electric washing 
machines, to the value of 260,000 dols., during the next 
twelve months. 


MESSRS. SIMON-CARVES LIMITED, Cheadle Heath, 
Stockport, are to build an extensive coal-cleaning and 
carbonising plant at the Vryheid Coronation Colliery, 
Transvaal, for the Anglo-American Corporation of South 
Africa, Limited. Coal will be cleaned at the rate of 
175 tons an hour in a Baum-type washery and will be 
carbonised in 184 of the firm’s Underjet coke ovens of 
the waste-heat type, having a coking capacity of 1,600 
tons of coal a day. The coke ovens will be in two 
batteries, each of 92 ovens, and complete with coal- 
receiving, crushing and handling plant, coke-quenching 
and screening equipment, waste-heat boilers and gas- 
cleaning plant. The work will be executed under the 


supervision of the firm’s subsidiary company, Simon- 


LABOUR NOTES. 


ENGINEERS in Government industrial establishments 
are to receive wage increases which will be retrospective 
to April 1. Approximately 70,000 employees will 
benefit from this decision. The new minimum weekly 
rates will be 51. in London and 41. 15s. in the provinces, 
for unskilled men ; while the rates for skilled engineers 
will be increased to 51. 12s. and 51. 98., respectively. 
The conditions in Government establishments under 
which engineers are employed, vary considerably 
and the new weekly minima will represent increases of 
up to lls. for unskilled labour, and of from 3s. 6d. to 
8s. for skilled, according to grade and establishment. 
Piecework earnings also are to be increased. Requests 
to the Treasury for wage increases on behalf of engineers 
in Government employment were made in January 
and were in line with the demands which the general 
body of engineers made some four months later, namely, 
a minimum basic rate of 51. weekly for unskilled em- 
loyees and 51. 15s. for skilled. It is understood that the 

vernment offer, although originally rejected, has 
been accepted by the unions concerned. 





The court of inquiry, appointed by the Minister of 
Labour to investigate the claims of the general body of 
engineers for a weekly wage increase of 13s., completed 
its sittings on August 18. The court is a fact-finding 
body only, but its report to the Minister, published 
yesterday, contained a number of recommendations. 
An increase of 5s. a week in the national bonus is 
suggested, to be effective throughout the engineering 
industry. This would raise the inclusive weekly time 
rates to 4/. 12s. for unskilled men, and to 5l. 7s. for 
skilled: with piecework rates at around 4/, 18s, and 
51. 178., respectively. It is felt that the final decision 
on the engineers’ w claims can scarcely be un- 
influenced by the increases which the Government is 
making to engineers in its own establishments. 
The engineers’ claim has additional importance as it is 
in the nature of a test case. Concessions here will 

tly strengthen claims being made by other industries 
or wage increases. 





It is difficult to reconcile the demand of the Transport 
and General Workers’ Union, that the general council 
of the Trades Union Congress shall take energetic 
action to stop rising prices, and thus stabilise the real 
value of wages, with the present spate of requests for 
wage increases, Apart from the cost of raw materials 
from, overseas, the continued rise in labour costs is a 
main cause of increased prices. At the present time, 
the unions concerned are pressing for increases for 
railwaymen, civil servants, agricultural employees, 
shop assistants, nurses and tobacco-trade employees. 
In addition, there are the demands of the engineers and 
shipbuilders, which have been referred to courts of 
inquiry. The general executive council of the Trans- 
port and General Workers’ Union took the unusual 
course of issuing ‘ts statement on the eve of the meeting 
of the T.U.C. general council, the function of which 
was to place recommendations on wages and prices 
before the Trades Union Congress at the Margate 
meeting, to be opened on Monday. 





The statement of the Transport and General Workers’ 
Union, which was issued on Friday last, says that the 
union’s general council “is gravely concerned in 
regard to the very clear indication of rising prices in a 
number of essential commodities, which has the effect 
of delaying the realisation of the policy outlined by the 
Government in February last, when the principle was 
accepted that every effort would be made to reduce 

i and increase the real value of wages. The 
council calls on the Trades Union Congress general 
council, in accordance with the decision of the conference 
of trade union executives held in March, again to 
request the Government to take vigorous action by 
way of implementing the policy of reducing prices and 
controlling profits.” 


The Margate meeting of the Trades Union Congress 
will be of more than ordinary importance. Its out- 
standing feature will undoubtedly be the debate on 
wages and prices. Several unions have tabled motions 
calling upon the Government to take vigorous steps to 
stop prices rising and to curb profits. There are also 
the Government increases to its own engineers and the 
somewhat pointed statement of the Transport and 
General Workers’ Union to stimulate the discussion 
on this subject. There are 86 resolutions, together with 
ten amendments, on the final agenda of the Congress. 
Two of these disclose a division of opinion between the 
two post-office unions on how the nation’s Post Office 
should be run. The Union of Post Office Workers have 
put down a proposal that the Post Office should be 
managed by a joint council consisting of official repre- 
sentatives and members of the trades unions, in equal 
numbers, under the chairmanship of the Postmaster- 





Carves (Africa) (Pty.), Limited, Johannesburg. 


Post Office Engineering Union have tabled, in substi. 
tution for this, an amendment asking for the formation 
of a joint body to deal with pen bay conduct and 
=e which would act in an advisory capacity 
only. 





An amendment has been tabled to the resolution of 
the National Union of Railwaymen which requests the 
Government to give employees a greater share in the 
control of nationalised industries. To this resolution, 
the Association of Engineering and Shipbuilding 
Draughtsmen wants the words “through their trade 
unions” to be added. The operative part of the 
resolution would thus read, “giving the workers, 
through their trade unions, greater participation in the 
control ” of nationalised industries. 





The issue which the unions are trying to determine is 
whether the rank and file should sit on the governing 
bodies of the industries under State management as 
private individuals or as the direct representatives of 
their trade unions. So far as the Trades Union Con- 
gress itself is concerned, its recently-issued annual 
report firmly opposes the suggestion that trade unionists 
should be members of boards of control as direct repre- 
sentatives of trade unions, as is suggested by the 
draughtsmen’s association. The Government’s policy 
is in line with that of the T.U.C. Mr. Alfred Barnes, 
the Minister of Transport, speaking at the railway- 
men’s conference at New Brighton, summed up this 
question when he referred to the appointment of 
Mr. John Benstead, C.B.E., to the Transport Ccm- 
mission, and added that as soon as he was appointed 
Mr. Benstead ceased to be the union’s secretary. 





A clash of opinions between unions in the iron and 
steel industry is revealed, on how the nationalisation 
of that industry is to be brought about. A resolution, 
put down by the Amalgamated Union of Foundry 
Workers, welcomes Government assurances that legis- 
lation for the nationalisation of the industry will be 
placed on the Statute Book during the lifetime of the 
present Parliament, and continues: “In view of the 
extreme gravity of the supply position and the urgency 
of an expanding iron and steel production, Congress 
considers an emergency exists which would justify im- 
mediate nationalisation by special Government decree.” 
The Iron and Steel Trades Confederation, in an amend- 
ment, seek to omit the whole of the latter part of the 
foundry workers’ resolution, including the quotation 
given above, and to substitute a long paragraph of 
its own, the vital part of which reads : « It ‘‘ (Congress) 
“totally rejects the request that it should urge the 
Government to resort to the totalitarian method of 
decree to achieve its legislative programme, holding the 
view that legislation by decree is a violation of a basic 
principle of our Parliamentary democracy.” 





A reminder that coal prices cannot be increased 
indefinitely was given by Lord Hyndley, the Board’s 
chairman, at the National Coal Board’s summer school 
at Oxford last Friday. He said that a time comes 
“when people will — burn less coal rather than 
pay out more money. at applies particularly to the 
export market, in which there is already some compe- 
tition and in which there will be more as time goes on.” 
Taking a rather mild view of the Board’s loss of 
23,250,0001. last year, which he hoped would be made 
good “‘in the foreseeable future,” Lord Hyndley said 
that it was in order for the Board to make a loss in 
one year, provided that it could be made good in another 
year. He said that, over the years, the Board was 
expected to make neither a profit nor a loss. At present, 
some parts of the industry were making profits and 
others making losses. The result was that coal con- 
sumers were paying too little for what cost much to 
— and too much for what was produced cheaply. 

t was the Board’s duty to encourage consumers to buy 
more of the cheaper fuels and it could do this by 
adjusting prices and outputs of particular kinds of coal. 





The first meeting of the British side of the Angl- 
American Council on Productivity was held in London 
on August 25, when arrangements for a combined 
meeting of the British and American sides of the 
council were considered. The names of the American 
members have not yet been declared. A joint state- 
ment announced that the chairmanship and meeting 
places for the British side would rest with the Federa- 
tion of British Industries and the Trades Union Con- 
gress alternately. It was agreed that the terms of 
reference should state that “ the purpose of the council 
is to exchange views on the question whether there are 
ways through the European Recovery Programme and 
otherwise in which United States industry could co- 
operate in assisting the efforts of British industry to 
promote greater productivity, and to facilitate any 





General, with a trades unionist as vice-chairman. The 


necessary arrangements to that end.” 
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GAS POROSITY IN NICKEL-SILVER 
CASTINGS.* 


By T. F. Pzarson, M.Sc., F.I.M., W. A. Baker, B Sc., 
F,1.M., and F. C. Cutxp, M.Sc., A.LM. 


Ir is well known in practice that nickel-silver casting 
alloys are liable to exhibit gross unsoundness and the 
literature on the subject contains several Ts 
deseribing practices designed to avoid this trouble. The 
recommended practices deal with such points as the 
order of charging when melting these alloys, control of 
melting atmosphere and deoxidation practice; and 
while there is no agreement on the first point, it appears 
to be agreed that melting in strongly oxidising condi-: 
tions followed by deoxidation, in some cases with 
several deoxidants added in succession, yields satis- 
factory results. Gas unsoundness is a problem both in 
the chilland sand-castingindustries; forexample, in the 
former, porosity in chill-cast ingots tends to cause 
spills and blisters in the rolled sheet, while in the latter 
case porosity in sand-cast plumbing ware, etc., causes 
leakage under pressure and introduces serious difficulties 
in finishing treatments, including electroplating. A 
fuller understanding of the causes and means of 
controlling this porosity may be expected to lead to 
improvementsin industrial practice. The experimental 
work about to be described was therefore carried out 
some time ago with a view to determining the cause 
of the gas unsoundness so that industrial melting 
practices could be put upon a sounder basis. 

The work done established the cause of the unsound- 
ness, but the outbreak of war prevented the logical 
continuation of the research, namely, a study of the 
equilibrium between carbon and oxygen dissolved in 
molten nickel silvers. Thus the present paper does not 
give a quantitative account of the mechanism involved 
in the development of gas unsoundess in nickel-silvers, 
but the qualitative results serve to explain practical 
experience, and for that reason appear worthy of record. 

An alloy containing 60 per cent. copper, 20 per cent. 
nickel and 20 per cent. zinc was selected as a typical 
alloy for the purpose of these experiments, in the belief 
that the findings obtained with it would be applicable 
to nickel-silvers generally, notwithstanding the presence 
of appreciable proportions of lead in some of the sand- 
casting alloys and the considerable variation in nickel 
content of the industrially important alloys. Melts 
were prepared from high-purity commercial materials, 
namely, oxygen-free high-conductivity copper, cathode 
copper or remelted and oxidised cathode copper, Mond 
nickel pellets or electrodeposited nickel, and electrolytic 
zine. 

Initial experiments on high-frequency furnace 
melting in a tube furnace employed the melting and 
casting technique described in an earlier paperf on the 
melting and casting of bronzes. The apparatus 
comprised a vertical silica tube containing a magnesia 
crucible supperted above the mould by a silica sleeve. 
The bottom of the magnesia crucible had a pouring 
aperture of controlled size, stoppeted by a closed-end 
silica tube which extended vertically upwards through 
the head sealing the upper end of the main silica tube. 
The temperature of the melt was measured by focusing 
an optical pyrometer on to the interior of the silica 
stopper tube. Both the top and bottom ends of the 
main furnace tube were closed by gas-tight water-cooled 
heads so that chosen gas atmospheres could be main- 
tained in the tube throughout the melting and casting 
operation. Casting was effected by lifting the stopper 
tube through its rubber gasket. 

Charges weighing approximately 700 grammes were 
melted and cast in this way, andin a typical experiment 
the charge was heated quickly to the liquidus tempera- 
ture (1,100 deg. C.) superheated in four to six minutes 
to 1,200 deg. C., held at that temperature for a period 
of ten minutes and then cast from the same temperature. 
The castings so obtained were approximately 8 in. 
long, tapering from 1 in. diameter at the top to } in. 
diameter at the bottom. These test castings were 
made in massive copper moulds and in dry-sand moulds. 
The latter were prepared from a coarse silica sand 
bonded with 5 per cent. of bentonite and dried for two 
hours at 250 deg. C. The chill mould was lightly 
coated with acetylene soot. 

The bottom 5-in. length of the test-piece was cut off 
and its density measured before machining from it a 
standard tensile test-piece. From these determina- 
tions, the percentages of voids in the castings were 
calculated to an estimated accuracy of + 0-1 per cent. 
Allowance was made for composition differences, 
the most important being variation in zinc content 
(usually between 18 and 20 per cent.). Variations in 
nickel content were comparatively small and in any case 
would have had little effect on the density, while for 
the 60/20/20 alloy, variation of zinc content would 


* Communication from the British Non-Ferrous Metals 
Research Association presented at the 45th annual 
meeting of the Institute of British Foundrymen, held in 
London from June 8 to 11, 1948. Abridged. 





t See Jl. Inst. Metals, vol. 67, page 231 (1941). 





produce linear changes in density of the order of 
0-015 gramme per cubic centimetre per 1 per cent. zinc 
(density of 60/20/20 alloy, 8-725 grammes per cubic 
centimetre). 

In the experimental work on bronze castings, made 
from oxygen-free copper, etc., in a nitrogen atmosphere, 
preliminary experiments showed that shrinkage poro- 
sity was reduced to a minimum by pouring at the 
slowest possible speed compatible with a reasonably 
satisfactory surface on the casting. This refers 
particularly to chill castings where a slow pouring speed 
sets up steep temperature = in the casting in a 
vertical direction, so that feeding of freezing shrinkage 
is greatly facilitated. However, whereas a 90/10 tin 
bronze with a freezing range of 200 deg. C. gave sub- 
stantially sound chill castings of this form when cast in 
16 to 18 seconds (4 in. diameter pouring aperture), a 
60/20/20 nickel-silver alloy with a freezing range of 
only 75 deg. C. vielded chill castings substantially free 
from porosity when cast in only 4 to 5 seconds (¥ in. 
diameter pouring aperture) (see first two results in 
Table I). For the majority of the further experiments, 
therefore, a #, in. diameter pouring aperture was used. 
The sand castings, in which relatively flat temperature 
gradients occurred despite the use of slow pouring, were 
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appreciably unsound, as can be seen from the typical 
result quoted in Table I. 

The effect of carbon and oxygen in the components 
of the charge will now be considered. The melts 
prepared and cast in a nitrogen atmosphere, using 
oxygen-free copper and Mond nickel pellets or cathode 
nickel, consistently gave relatively sound castings 
which were considered te be substantially free from 
gas porosity. When the charge included oxygen- 
bearing copper, however, chill-cast test-bars showed 
widely varying degrees of unsoundness, the porosity 
appearing as spherical cavities, a typical example being 
illustrated in Fig. 1, on this page. In most of the 
experiments all the copper was dissolved and much of 
the oxygen remained behind as a light deposit. of zinc 
oxide on the crucible walls. In a few cases, where the 
oxygen content of the copper was high, seme of this 
copper remained undissolved and micro-sections showed 
that an adherent film of zinc oxide or other complex 
oxide had formed on the surface of the copper, prevent- 
ing its solution in the melt, although the copper had 
undoubtedly been molten at some stage. 

The degree of unsoundness in the castings bore no 
apparent relation to the oxygen and carbon contents of 
the charges, although the oxygen contents were varied 





between wide limits, ranging from a large excess to less 
than the amount required to combine with the carbon 
of the charge (as the monoxide). However, when the 
charge consisted of decarburised nickel, the castings 
obtained were substantially free from porosity although 
part of the copper again remained undissolved. 

latter results were consistent and appeared to dispose 


TABLE I.—Nickel Silvers Melted and Cast in Dry Nitrogen. 
(Casting Temperature, 1,200 deg. C.) 











Ult. Tens, 
Materials in the | je’ | VOlUS. | Strength, | Elongation, 
Charge. in. cent.t = per Per cent. 
q. in. 
Oxygen-free Copper 
in Charge. 
Chill castings :— 
F.H.C. Cu, Mond 
let or cathode 
i es od aa 0-2 22-8 44 
Electrolytic Zn ..| 3/16 0-3 19-8 43 | Typical 
Sand castings :— results. 
As above 3/16 0-9 11-5 20 
—. 
in a 
Chi actings — 
(a) Cu, Mond pellet} 1/8 1-3 Average of 5 melts, 2-6 
Ni and to per cent. voids, whole 
3/16 | 4-3 of Cu dissolved. 
(6) ,, - » | 3/16 0-0 Average of 3 melts, 1-2 
to per cent. voids, part 
2-4 of Cu undissolved. 
(c) Cu, decarbur- | 3/16 0-2 2 melts. Part of Cu 
ised Ni (0-002 to un ved, 
per cent. C) 0-3 














* Pouring aperture in bottom of crucible. 

t In bottom 5 in. | of test casting. 

(a) Cu—part or whole of charge comprised of Cu cop‘aining 
0-15 per cent. O. 

(6) Cu—part or whole of charge comprised of Cu containing 
0-93 per cent. O. 


of the possibility that the porosity in other castings 
was due to mould gas (nitrogen) injected by a pourin, 

stream the free flow of which was hindered by a poo 
of molten copper in the bottom of the atin The 
alternative explanation was that the porosity was due 
to a reaction between oxygen and carbon during freez- 
ing, with the liberation of carbon monoxide. 

In an attempt to verify this possibility, further melts 
were prepared in a nitrogen atmosphere using charges 
made up from oxygen-free copper, electrolytic zinc, 
and either pellet nickel of relatively high carbon con- 
tent or cathode nickel of relatively low carbon content. 
These melts were top-poured into a cylindrical steel 
mould, 1} in. internal diameter and 4} in. deep, which- 
contained a copper plug (2 in. long and } in. in dia. 
meter) projecting upwards from the base of the mould 
These copper plugs were of varying oxygen content 
and in some cases 0 n-free plugs were used. The 
plugs were carefully cleaned with acid and acetone 
before insertion in the mould, and the whole assembly 
was warmed to about 50 deg. C. by radiant heat from 
the melting crucible while the charge melted. 

The stream of metal from the casting crucible im- 
pinged on the copper plug and more or less dissolved it, 
and the castings so obtained were subsequently exam- 
ined by density measurement and by sectioning. From 
the typical results given in Table II, it can be seen 


TABLE II.—Nickel Silvers Melted and Cast in Nitrogen 
and Poured on to Copper Plugs of Varying Oxygen Content. 


Pouring temperature, 1,200 deg. ©. fy in. dia. 








pouriog aperture. 
Voids, Oxygen Content 
Materials in Charge. per cent. of Plug. 
O.F.H.C. Cu, Mond Pellet Ni, 0-6 No plug 
electrolytic Zn “ bape 0-3 O.F.H.C, plug 
3-7 0-06 
6-1 0-15 
3-9 0-3 
9-5 0-47 
10-8 0-56 
7-8 0-89 
As above, but cathode Ni 1-5 0-56 
0-9 0-54 











that casting made using pellet nickel, with no plug or 
with oxygen-free plugs, contained only a small amount 
of porosity which could be attributed to shrinkage, 
while castings made with plugs having increasing oxygen 
content were unsound to a degree which increased with 
the oxygen content of the plug. When cathode nickel 
of lower-carbon content was used, relatively little 
unsoundness occurred even when high-oxygen plugs 
were used. Typical sections through the castings are 
shown in Figs. 2, 3 and 4, on this page. Fig. 2 shows 
nickel silver poured on to an oxygen-free plug. In 
Fig. 3 a plug containing 0-56 per cent. of oxygen was 
used, while the melt charge contained 0-02 per cent. of 
carbon. In Fig. 4, the plug contained 0-54 per cent. 
of oxygen and the melt charge 0-005 per cent. of 





carbon. These results support the view that porosity 





can arise as a result of reaction between carbon and 
oxygen during solidification, but the evidence so far 
presented throws no light on the mechanism involved. 

To examine the possibility that sulphur might 
similarly be a source of unsoundness, melts were made 
from oxygen-free and oxygen-bearing copper and pellet 
or cathode nickel. Additions of copper sulphide were 
made to the charge before melting or after melting and 
just before pouring into chill moulds. All the castings 
obtained were substantially free from porosity and 
there was no evidence that sulphur promoted serious 
gas unsoundness. 

In similar experiments to determine the effect of 
water vapour or hydrogen in the furnace atmosphere, 
the melting atmospheres used were mixtures of nitrogen 
and water vapour, the moisture content of the atmo- 
spheres varying from 2 to 10 percent. In these experi- 
ments the whole furnace tube and its contents were 
heated to about 120 deg. C. to avoid condensation. 
Melts were also prepared in atmospheres containing 
equal parts of nitrogen and hydrogen. Some average 
results of these experiments are shown in Table III. 


TABLE III.—WNickel-Silvers Melted and Cast in Mois; 
Nitrogen or Hydrogen-Nitrogen Atmospheres. 


Pouring temperature, 1,200 deg. C. 





Dia. 
Hole, 
Tn. 


Voids, 
Per 
cent. 


Remarks. 


Materials in 
Charge. 





Chill Castings. 
O.F.H.C. Cu, Mond 
let Ni, electro- 
ytic Zn 


Ditto, but cathode 
Ni in some melts 
Sand Castings. 
tto ee ee 


Average of 5 melts in 
nitrogen containing 2 to 
9-6 per cent. water 
vapour. 

Average of 3 melts in 50/50 
nitrogen-hydrogen. 


1/8 


3/16 Average of 2 melts in 50450 


nitrogen-hydrogen. 














It can be seen that the chill castings were substantially 
free from porosity, and while the sand castings made 
in atmospheres rich in hydrogen showed slightly more 
voids than those made in nitrogen atmospheres, the 
amount of unsoundness was still quite small. It was 
to be expected that these alloys would be substantially 
immune from hydrogen-gas unsoundness because, as 
with the brasses, their high zinc content exerts a rela- 
tively high vapour pressure and thus hydrogen would 
not be likely to dissolve in the melt from the atmosphere 
and any hydrogen in the materials initially charged 
would largely be expelled. The experimental results 
confirm this expectation. 

The next step was to conduct high-frequency melting 
in an open crucible to determine the effect of atmo- 
spheres containing oxides of carbon. Five-pound 
charges were melted in Salamander crucibles fitted with 
a substantially gas-tight lid through which the desired 
gas atmosphere was introduced. The charges were 
heated to 1,200 deg. C. and held at that temperature for 
10 minutes in the controlled atmosphere before being 
cast into dry sand DTD-type test-bar moulds. Carbon 
monoxide and carbon monoxide/carbon dioxide mix- 
tures were produced by passing carbon dioxide through 
a charcoal furnace held at suitable temperatures. 
Mixtures of nitrogen and carbon monoxide were 
obtained by passing suitable mixtures of dry nitrogen 
and air through the charcoal furnace held at 1,100- 
1,150 deg.C. Albthe mixtures were dried with silica-gel 
towers. Melts were prepared in pure carbon monoxide, 
in carbon monoxide/carbon dioxide mixtures containing 
3 to 47 per cent. carbon monoxide, and in nitrogen/ 
carbon monoxide mixtures containing 4 to 50 per cent. 
carbon monoxide. Practically all these melts yielded 
test bars which were substantially sound. There were 
one or two exceptions where the amount of porosity 
present was rather more than could be attributed to 
shrinkage, but their incidence bore no clear relationship 
to the composition of the atmosphere. 

The DTD test bars were made as usual in a well- 
vented thin steel tube, the sand layer surrounding the 
feeder head being about } in. thick. In these experi- 
ments large jets of burning gas frequently appeared at 
the mould vents surrounding the feeder head, and the 
gas flame had a blue colour characteristic of burning 
carbon monoxide. It is quite possible that some of 
this gas was hydrogen, deriving from a reaction between 
the metal and moisture in the sand mould, but the 
colour of the flame made it fairly certain that a sub- 
stantial proportion of the gas was carbon monoxide. 
Thus it appeared that melts which yielded substantially 
sound castings nevertheless evolved considerable quan- 
tities of carbon monoxide during cooling from the cast- 
ing temperature but prior to solidification. 

The behaviour can be explained on the lines of the 
theory advanced by Hultgren and Phragmen* for the 
equilibrium between carbon and oxygen in molten iron. 
To put the analogy briefly, if significant amounts of 





* Trans. Amer I.M.E., vol. 135, page 133 (1939). 
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both carbon and oxygen are assumed to exist in solution 
in the molten nickel-silver (notwithstanding the pre- 
sence of 20 per cent. of zinc) gas evolution will occur 
on cooling the liquid alloy if the value of the equilibrium 
constant (proportional to the products of the carbon 
and oxygen concentrations) decreases with tempera- 
ture. Moreover, if the initial concentrations of carbon 
and oxygen in the melt are such that one reactant is 
largely eliminated by this gas evolution before the 
temperature falls appreciably below the liquidus, little 
further gas evolution will occur in the later stages of 
freezing, in which event the evolved gas may escape 
from the metal and no gas unsoundness will result. 
This explanation assumes that the carbon and oxygen 
contents giving rise to porosity in castings is very 
critical. In this respect it would explain the incon- 
sistent results of earlier experiments where attempts 
were made to control the final carbon and oxygen 
concentrations by controlling their initial values in the 
components of the charge. 

The above line of thought suggested a series of experi- 
ments in which relatively large melts were: initially 
carburised and then progressively oxidised; or 
initially oxidised and then progressively carburised, 
small castings being poured at intervals in each case. 
In a typical experiment, a 15-lb. charge was melted in 
a Salamander crucible in a high-fre cy furnace 
under a deep layer of charcoal and, alter holding at 
1,200 deg. C. for various periods, small 2-in. diameter 
sand-cast blocks were poured. Later the charcoal 
cover was removed and the melt oxidised by exposure 
to air, and again small castings were poured at intervals 
after exposure to the oxidising atmosphere. In other 
experiments the charge was melted in air, test castings 
were poured, and the charge was then carburised by the 
addition of small quantities of nickel with a high carbon 
content in addition to a charcoal cover. Again small 
test castings were poured at intervals after these car- 
burising additions. The densities of the castings were 
measured and the percentages of voids in the castings 
were calculated. Table IV contains the details of two 
such typical experiments from which it can be seen 
that castings poured from highly-carburised or highly- 
oxidised melts were substantially sound, but that, 
between these two extremes, castings with varied, andin 
some cases very large, amounts of gas porosity were 
obtained. 

The high-frequency furnace melting capacity avail- 
able for such experiments did not allow a single melt 
to be taken through a complete cycle, i.e., oxidised/ 
carburised /oxidised, and accordingly a number of melts 
were made in each of which a part of the cycle only 
was examined. There was a considerable scatter in 
the experimental results, presumably because the times 
required to produce given carbon/oxygen concentra- 
tions were not consistent from one melt to the next. 
Nevertheless the results indicated that there is a 
critical concentration of carbon and oxygen in solution 
in the melt which gives rise to gross unsoundness in the 
castings. 

A notable feature of these experiments was that 
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‘*fully carburised ” melts evolved large quantities of 
gas at a temperature just above the liquidus, the gas 
bubbles often raising a thin skin of oxide to form a 
large blister on the top of the block casting. In many 
cases the gas evolution occurred so close to the liquidus 
temperature that large smooth-walled blowholes 
were formed and these extended deep into the block, 
and were only exposed when the covering oxide skin 
was broken. This observation confirmed that already 
recorded and supported the view that one of the 
reacting constituents (in this case oxygen) may be 
eliminated by gas evolution before the casting freezes. 


TABLE 1V.—Effect of Oxidising and Carburising of 
Nickel-Silver Melis. 


Pouring temperature, 1,200 deg. C. 
blocks 2 in. dia., 2 in. — 


Sand-cast 


Per Cent. 
Voids. 
15- i. a, cathode Cu, Mond pellet Ni, electro- 
¢ Za— 
Melted and held under C 15 minutes 
Further 10 minutes under ( 
2 minutes after removal of C cover 
5 minutes after removal of C cover 
7 minutes after removal of C cover ‘ 
15 Ib. scrap melted and held in air for 10 minutes ‘| 
1 minute after addition of C cover and 0-014 ad | 
cent. C. (as Ni containing 1-6 per cent. C) | 
| 
fi 


Treatment of Melt. 
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oreo oc 


2 minutes ” ” ” 
5 minutes ” ” 
10 minutes _e,, me 


nue 
roto oc 
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Melts in gas-fired furnaces were next examined to 
determine the effect of oxidising and reducing atmo- 
spheres. Five-lb. charges of the 60/20/20 alloy were 
prepared from cathode copper, pellet or electrolytic 
nickel and electrolytic zinc. The charges were melted 
in a Salamander crucible in a gas-fired furnace the 
atmosphere of which was readily made strongly 
oxidising or strongly reducing, as required. Various 
methods of charging the crucible were examined, in 
view of the importance attached to this point in litera- 
ture on the subject, and in view of the observation in the 
present work that pieces of oxygen-bearing copper might 
become coated with a refractory oxide layer. 

Thus, in some cases, the copper was melted alone in 
clean crucibles under a deep layer of charcoal and 
under strongly reducing conditions ; these melting con- 
ditions yielded molten copper with a very low oxygen 
content (for example, less than 0-001 per cent.). The 
zinc was then added and was followed by the nickel 

pellets. In other experiments, the copper and the 
nickel were melted together under a strongly reducing 
flame, with or without a carbon cover, and the zinc 
was added last. None of the melts was deoxidised. 
These variations had no significant effect on the 
soundness of the sand-cast test bars, but the castings 
obtained were generally unsound, although the degree 
of unsoundness was most erratic. Thus, sand-cast 
test bars of the DTD type yielded specimens containing 
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(+7 to 5 per cent. voids in the bar portion of the casting 
and 4 to 15 per cent. voids in the feeder head.* An 
illustration of the gross gas unsoundness sometimes 
encountered is shown in Fig. 5, opposite. 

On the other hand, charges melted in a strongly 
oxidising gas flame consistently yielded sound castings, 
irrespective of the order of charging the constituent 
metals and whether or not the metal was finally 
de-oxidised (with small successive additions of man- 
ganese and magnesium). For example, sand-cast DTD 
test bars averaged 0-7 per cent. voids in the bar 
portion and 4 per cent. voids in the head, which 
amounts of porosity were considered to be due to 
shrinkage. Fig. 6, opposite, illustrates the shrinkage 
cavity in the head of a typical sound test bar. The 
4 per cent. voids in such heads represent the smaller 
dispersed cavities disposed round the main cavity. 

As already mentioned, the literature advocates 
de-oxidation with two or three elements added in 
succession, and a few tests were made to determine 
whether such a treatment was really necessary. 
Charges were melted in a gas furnace under strongly 
reducing conditions and small blocks 2 in. in diameter 
and 2 in. deep were sand-cast before and after separate 
additions of manganese (0-025 per cent.), or magnesium 
(0°02 per cent.), or phosphorus (0-02 per cent.). In 
each case, the specimens cast without deoxidation 
were grossly unsound, containing 7 to 9 per cent. 
voids, while those cast after deoxidation were con- 
sistently sounder, the voids varying between the limits 
3-5 to 3-8 per cent. It cannot be said with certainty 
that the whole of this latter porosity was due to shrink- 
age, but it seems likely that each of these three 
deoxidants alone is capable of suppressing the gas 
unsoundness. 

The gross unsoundness in sand castings from melts 
made under reducing conditions has already been 
described and illustrated (Fig. 5). Samples of gas 
were extracted from the castings as follows: sand 
castings were prepared from melts made under strongly 
reducing conditions and specimens which were obviously 
most unsound, as evidenced by the rise of the head 
of the casting during solidification, were quenched 
into water as soon as possible after freezing, i.e., when 
the temperature of the casting had apparently fallen 
to about 800 deg. C. The heads of the quenched 
castings were mounted without delay in a tank of 
water and covered with a submerged glass cowl. The 
porous heads were drilled with a large drill while 
mounted in this way, and the liberated gas was 
collected under the cowl and transferred to a gas- 
analysis apparatus. 

In some experiments, hot water was used and in 
others, cold water. In all cases the water was boiled 
before use. The analytical results from three such 
tests are shown in Table V, from which it can be 


TABLE V.—Composition of Gases E.ctracted from Grossly 
Unsound Sand-Cast Nickel Silvers. 




















Composition, per cent.t 
i Ai Remarks. 
02. Hz. | COz2. | CO. | Nz.t 
4-1 Nil Nil | 11-3 | 84-6 | Cold water. 
8-1 0-2 5-9 9-0 | 76-8 | Hot water (40 deg. C.). 
6°5 Nil Nil 7-3 | 86-2 | Cold water. 




















+t Hydrocarbons were not detected. { Nitrogen by difference. 


seen that hydrogen was virtually absent, the mixture 
comprising nitrogen, oxygen and carbon monoxide and 
(where hot water was used), some carbon dioxide. It 
can be seen that the oxygen/nitrogen ratio was lower 
than that for air and it is thought that some air was 
drawn into the cavities in the unsound castings while 
they cooled to the quenching temperature and that 
some of the oxygen reacted with carbon monoxide in 
the cavities to form carbon dioxide and some of it 
combined with the hot metal surfaces. The carbon 
dioxide was presumably lost by solution in the water, 
when extracting under cold water, but some was 
detected when extracting over hot water. This 
method of gas extraction was very crude, but it had 
the merit that the results were not obscured by possible 
reactions, which might occur in hot vacuum extraction. 
The presence of oxides of carbon in the gases extracted 
from these unsound castings is rded as direct proof 
that the gas unsoundness arose from the evolution of 
carbon monoxide during solidification. 

The laboratory experiments discussed above are 
consistent with practical experience in showing that 
nickel silvers yield consistently sound castings when 
melted under strongly oxidising conditions. Con- 
versely, melting under reducing conditions is liable to 
result in gas-unsoundness, although in this case results 
are erratic. Deoxidation with manganese, phosphorus 





* Feeder heads were cut longitudinally into two pieces 
to expose major shrinkage cavities before density mea- 
surements were made. 





or magnesium suppresses the gas-unsoundness, even if 
the melting conditions are unfavourable. The labora- 
tory experiments also show that the nickel silvers are 
not seriously subject to hydrogen-gas unsoundness ; 
in this respect they are akin to the brasses, but different 
from most other non-ferrous casting alloys. 

The gas-unsoundness observed is attributed to the 
evolution of carbon monoxide during solidification, and 
the evidence indicates that carbon and oxygen dissolve 
in the melt, giving rise to gas porosity only when 
their concentrations are at some critical value. The 
actual concentrations are not known, but it is reason- 
able to suppose that the oxygen content at least is very 
small, in view of the presence in the alloys of 20 per 
cent. or more of zinc. Bearing this point in mind, 
it is to be expected that powerful deoxidants will be 
an ye to reduce the oxygen content below its critical 
value, and this may explain the fact that some investi- 
gators advocate multiple deoxidation, and include 
magnesium among the deoxidants. 

It is recommended that nickel-silvers be melted 
under strongly oxidising conditions, as, for example, 
by exposing the molten alloy to air, or by suitably 
controlling the fuel-air ratio, or by the inclusion in the 
furnace charge of oxidants, such as manganese ore, etc. 
Charcoal covers should not be used in any circum- 
stances. Given strongly oxidising melting conditions, 
deoxidation is not essential, but it is nevertheless 
recommended as a safety measure. 





NOTES ON NEW BOOKS. 
Electrical Measurements. Editor: E, Mottoy. George 
Newnes, Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 5s. net.] 

Tats small 100-page volume summarises the principles 
of operation of a wide range of electrical meters and 
instruments, including a few of those used for measuring 
non-electrical quantities like hydrogen-ion concentra- 
tions and smoke densities. It contains some perspective 
drawings and sketches, and numerous basic circuit 
diagrams. The earlier chapters describe switchboard 
instruments, and portable equipment, such as earth 
testers and cable-fault locators, and discuss, in rather 
general terms, various types of alternating-current 
bridge and valve-voltmeter. Short chapters refer to 
electrical pyrometers and to the principles of low- and 
high-voltage cathode-ray oscillographs. A chapter on 
electricity meters includes a short description of their 
testing, and a reference to regulations governing their 
use, as well as to some modern tendencies like standardi- 
sation of fixings and the combination of meter and 
current-transformers as a compact unjt. Among the 
circuit diagrams is one (Fig. 10) to which no reference 
appears to be made in the text. The final chapter 
discusses the measurement of non-electrical quantities 
of the kind already mentioned. The book, which is 
printed in small type, and in places assumes fami- 
liarity with the subject matter, cannot be regarded as 
more than a handy guide to the various meters and 
instruments it describes. It is therefore mainly suit- 
able for those electrical engineers or electricians who 
wish for general descriptions of basic principles sum- 
marised in compact form. 


Protective Methods for A.C. Power Circuits and Machines. 
By H. M. Marxuew, M.Sc. (Eng.), A.M.LE.E., and 
J. A. Courier, B.Sc. (Eng.), A.M.I.E.E. Blackie and 
Son, Limited, 66, Chandos-place, London, W.C.2. 
[Price 10s. net.] 

Tu1s is one of the publishers’ Electrical Engineering 

Series, the purpose of which is to provide, at a price 

suited to a student’s means, a number of volumes, 

each concerned with some particalar aspect of electrical 
work. The standard of treatment is that equivalent 
to an engineering degree. In most technical spheres, 
it is desirable that a student should have not only 
an understanding of principles, but also some know- 
ledge of practical applications; protective methods 
are one of these. The subject is a complicated and 
extensive one, and it is neither possible nor desirable 
for a student to attempt to master all its intricacies. 
Such a book as Kaufmann’'s Protective Gear Handbook, 
incidentally published at three times the price of the 
t volume, contains too much specialist material 
or a inner. The present book contains all that a 
student requires to know in connection with this 
branch of electrical engineering; should his later 
professional career lie in this particular field, more 
specialised treatises will be necessary. volume 
deals in a clear way with principles and basic circuit 
arra ents, the y Barve rw of the design of relay 
transformers, various t of protective relays, and 
special applications, such as *bus-bar protection. There 
is also a chapter on fuses, which are frequently omitted 
from treatises on protective apparatus, and a short 
section, in fairly general terms, covering the question 
of fire protection. Although the value of this book 
to students has been emphasised, it is likely to prove 





Involute Gears. By W. Srezps, 0.B.E., B.Sc. (Eng.), 
M.1.Mech.E. Longmans, Green and Company, 
Limited, 6 and 7, Clifford-street, London, W.1. 
[Price 18s. net.] 

Many books have been written on the subject of 
toothed gearing and attempts have been made to meet 
the requirements of all classes of reader. On the whole, 
however, it may fairly be said that the elementary 
treatment of the subject has been too elementary to 
be of permanent use to the average engineering student, 
while the more advanced books are usually too special- 
ised for his needs and too expensive for his pocket. 
Mr. Steed’s book, however, is a very successful attempt 
to deal with straight and helical gears of involute tooth 
form in a manner that will meet the requirements of 
apprentices, students and draughtsmen. Bevel and 
worm gears are not dealt with. The treatment of the 
fundamentals of gearing and the geometry of involute 
teeth is lucid and bears the mark of an experienced 
teacher. Manufacturing processes and the inspection 
of gears are dealt with as fully as space permits, and 
most of the copying and generation processes in common 
use are adequately described. There are numerous 
illustrations of modern gear-cutting machinery, gauges, 
and profile-testing instruments. The strength and 
load-carrying capacity of gear teeth are dealt with in 
a manner which is perhaps more likely to be useful to 
the draughtsman than to the student. Starting with 
an examination of the well-known Lewis formula, the 
work of Professor G. H. Marx, Franklin and Smith, 
and other investigators in the same field is briefly 
examined and, finally, the British Standards Institution 
formule are given at some length. Many of the 
formule and charts in this section appear to be identical 
with those in the B.S.I. publication, though the 
nomenclature is not always the same. The line dia- 
grams illustrating the text are excellent, though the 
half-tone reproductions of machinery are not all of 
equal quality and usually illustrate the whole machine 
rather than the method by which it performs its 
specialised function. 


A Glossary of Wood. By Tuomas Corxnitt. M.I. 

Struct.E. The Nema Press Limited, 33, Tothill- 

street, London, 8.W.1. [Price 21s.] 

Tis book, based on a serial feature in our contem- 

porary, Wood, is a refreshing compilation which will 
make a direct appeal to the craft instincts of artisan 
and amateur alike. Its rather austere title does not 
describe its scope adequately ; many less comprehen- 

sive works have been described as encyclopedias. 

Brief articles in alphabetical order deal with various 
species of woods and include information on such 
matters as colour, grain, hardness, purposes for which 
particular timbers used, specific gravity, and com- 
parative workability, the latter being a value based on 

yellow or white pine as unity and increasing with 
the obduracy of the material; oak has a value of 
4 and ebony one of 5. There are explanations of the 
terms of forestry which will be as satisfactory to the 
botanist as to the woodworker. The article on season- 
ing shows the author to be no advocate of the modern 
theory that the process is necessarily complete with the 
removal of the moisture, for he rightly points out that 
newly felled timber contains active constituents which 
require a considerable time to become inert, even after 
the moisture has evaporated. Woodworking tools and 
wood crafts are accorded a due proportion of space, 
though here there are signs of the difficulty of main- 
taining a balance between the commonplace and the 
obscure. Few will want a definition of ‘‘ outhouse,” 
but fewer will know that a “‘ jaw box” is a wood sink 
lined with lead. Perhaps it is too much to expect the 
craft of patternmaking to be adequately treated, but 
it is a pleasure to see so many of the details of wooden 
shipbuilding—now, alas, almost a dead art—are here 
preserved, even though some of the definitions invite 
question. A ‘“‘manger board,” for instance (more 
commonly known simply as a “‘ manger”), is not 
“‘a strong bulkhead on the fore part of the deck of a 
ship to keep the water from the hawse-holes,” but a 
breast-high erection to deflect overboard the water 
which enters through the hawse-pipes of a pitching ship, 
and which otherwise would flow aft along the deck. 





EXHIBITION OF PHOTOGRAPHY.—The ninety-third 
annual exhibition of the Royal Photographic Society of 
Great Britain, to be held in the Society’s house at 16, 
Prince’s Gate, London, S.W.7, will be opened to the public 
on Friday, September 10. Limitations of space have 
made it necessary to divide the exhibition this year into 
two parts. Thus, the exhibition of pictorial and colour 
photography will be held from September 10 until Sunday, 
October 3, and that of scientific, nature, record, and 
technical photographs from Saturday, October 9, until 
Saturday, October 30. The exhibition will be open on 
week-days from 10 a.m. until 8 p.m., on Saturdays from 
10 a.m. until 5.30 p.m., and on Sundays from 2.30 p.m. 
until 5.30 p.m. Further particulars may be obtained from 





equally useful to many engineers engaged in practice. 








the secretary at 16, Prince’s-gate. 
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CATALOGUES. 


Small Tools and Gauges.—We have received from the 
Plessey Company, Limited, Amar Works, Grove-road, 
Chadwell Heath, Essex, an illustrated brochure which 
describes their high-speed steel and tungsten-carbide 
lathe tools; high-speed steel taps; standard die sets 
for presses ; drilling jigs; and plug, surew-plug, and gap 
gauges. 

Ventilating Uniis.—Vent-Axia, Limited, 9, Victoria- 
street, London, S.W.1, have issued a folder giving 
details of the three ventilating units which they manu- 
facture. These provide air displacements of 8,000, 20,000 
and 40,000 cub. ft. per hour, respectively, with loadings 
of 25, 35 and 60 watts, and are arranged for fitting into 
window panes, skylights or partitions. 

Traction Batteries.—Details of the various applications 
of Kathanode traction batteries are given in a well-illus- 
trated brochure issued by the D.P. Battery Company, 
Limited, Bakewell, Derbyshire. The most interesting 
of these applications is perhaps the 50 flameproof loco- 
motives supplied by the English Electric Company for 
use in Russian coal mines. 

Woodworking Machinery.—Three leaflets issued by 
Messrs. Metalclad Limited, Gasworks-road, Neath, 
Glamorgan, refer to a motor-driven circular saw of the 
type having a bench which can be adjusted for height ; a 
hand-operated mortising machine; a hollow-chisel mor- 
tiser with a built-in motor; and a high-speed bandsaw, 
which is made with either 30-in. or 36-in. diameter 
wheels. 

Water-Tube Boilers.—A handsome booklet issued by 
Messrs. Yarrow and Company, Limited, Scotstoun, 
Glasgow, W.4, illustrates and describes Yarrow water- 
tube boilers for land service. The adaptability of this 
type of boiler to suit different boiler-house dimensions 
and lay-outs, capacities, classes of fuel, methods of firing, 
etc., is shown, and brief particulars are given of the 
Yarrow superheater and air heater. 

Stationary Steam Engines.—Messrs. Ashworth and 
Parker, Limited, Riverside Works, Bury, Lancashire, 
have issued a beoklet on their simple, double- and triple- 
expansion steam engines. Parker engines are made in 
sizes between 10 and 1,000 brake horse-power, and can 
be supplied for pass-out working. Unlubricated engines 
are supplied where the exhaust steam is used for heating 
or process work and must be free from oil or oil vapours. 

Sewage Purification.—We have received copies of two 
booklets, ope on the Simplex surface aeration process and 
the other on circular settling tanks, from Messrs. Ames 
Crosta Mills and Company, Limited, Moss Iron Works, 
Heywood, Lancashire. In the first booklet, plants suit- 
able for dry-weather flows of between 6,000 and 
24,000,000 gallons a day are illustrated; and in the 
second, particulars of settling tanks from 30 ft. to 200 ft. 
in diameter are given. 

Tabulating Machines.—The British Tabulating Ma- 
chine Company, Limited, 17, Park-lane, London, W., 
have issued a booklet describing the various purposes 
for which their Hollbrith tabulating machines can be 
used in the electricity-supply industry. This deals, in 
particular, with the employment of these machines for 
the preparation of consumers’ accounts, the compilation 
of sales and consumption statistics, and the analysis of 
generating, administrative and other costs. 

Machine Tools.— A wide range of “ rebuilt and guaran- 
teed ”” machine tools, principally British and American, 
is handled by Messrs. Soag Machine Tools, Limited, 
Juxon-street, Lambeth, London, 8.E.11, and is listed 
and illustrated in a catalogue issued by the firm. The 
machines include lathes; boring and turning mills, 
horizontal boring machines, milling machines, gear 
hobbers and grinders, keyway millers, drilling, slotting, 
grinding, filing, sawing, and centring machines. 

V-Link Belting.—Typical applications of V-link 
transmission belting, and tables for calculating the 
correct size of belt, are given in a booklet published 
by the manufacturers, Messrs. H. Brammer and Company, 
Limited, Perseverence Works, East Street Mills, Leeds, 9. 
Kach link is made of rubber-impregnated cotton fabric, 
and is fitted with a stud which fastens through holes in 
two or three other links. The belting is suitable for 
pulleys with 28-deg. or 40-deg. grooves, and has been 
applied to a great variety of drives. 

General-Duty Electric Drill.—We have recently received 
an illustrated leaflet describing the new half-inch general- 
duty portable electric drill (Type SD4c), manufactured by 
Messrs. S. Wolf and Company, Limited, Pioneer Works, 
Hanger-lane, London, W.5. The drill is fitted with a 
universal type of motor which can be provided for volt- 
ages of 100 to 110, 130, 200 to 220, and 230 to 250, and is 
suitable for both direct- and single-phase alternating- 
current supplies (25 to 60 cycles). Each drill is delivered 
complete with starting switch, three-jaw chuck, tubular 
handle, fifteen feet of three-core cable, and a spare set 
of carbon brushes, and its net weight when. ready for 
operation is about,10 lb., and when packed for shipping 
about 15 Ib. The leaflet also gives some details of 
accessory equipment, such as wood-drilling bite, a 
bench drill, and a machine vice. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tux following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of the paragraphs. 


Roofing Tiles and Fittings—A new specification, 
B.S. No. 1424, covering the dimensions and workman- 
ship of clay single-lap roofing tiles and fittings, has 
been prepared, primarily for the current building 
programme. The specification is confined to a limited 
range of well-known types, namely, pantiles of three 
patterns, double Roman tiles, flat interlocking tiles 
and Pooles tiles. The general requirements concern 
manufacture, colour and certification, while the specific 
requirements relate to dimensions, holing, nibs and 
fittings for the various t; dealt with. A drawing 
of each tile and of the y, hip, ridge, and hog-back 
tiles for use in conjunction with them are given. 
[Price 3s., postage included.] 


Pitch Mastic Flooring.—In order to provide a non- 
fuming type of vitch mastic flooring, a new specification, 
B.S. No. 1450, superseding B.S. No. 1093-1944, which 
covered black pitch mastic flooring, has been pre 
and issued. The new publication specifies provisions 
for flux and binder by which the emission of irritant 
or objectionable fumes during manufacture and laying 
will be avoided. Detailed clauses, covering the materials, 
the manufacture of the mastic and the testing proce- 
dures, are given, together with recommendations for 
application. These last are included as guides pending 
the preparation of a code of practice covering this type 
of flooring material. [Price 2s., postage included.) 


Coloured Mastic Asphalt Plooring.—A new specifica- 
tion, B.S. No. 1451, has been pre as a result of 
considerable experience in the laying of coloured 
mastic asphalt flooring. It covers materials which 
have been widely used for many years under 
guarantees of performance. No standards for the 
intensity and shade of colour of the flooring have been 
laid down, this being left for agreement between the 
manufacturer and the user. The scope of the specifi- 
cation, however, is confined to red and brown flooring 
composed of pigment, and fine and coarse aggregate, 
incorporated with a suitable asphaltic cement. The 
material is intended to produce a_hard-wearing 
waterproof and decorative floor for domestic and 
business premises. The specification contains sections 
dealing with definitions, materials, test requirements 
and inspection and marking. [Price 2s., postage 
included. 


Structural Use of Steel in Buildings.—A further 
British Standard Code of Practice issued in final form 
by the Codes of Practice Committee for Civil Engineer- 
ing, Public Works and Building, has come to hand. 
It is C.P. No. 113 and deals with “The Structural 
Use of Steel in Buildings.” It constitutes the basic 
code on structural steelwork for buildings and, together 
with its sub-codes on ‘“ Welded Construction ” (C.P. 
No. 113.102) and “Tubular Steel Construction ” 
(C.P. No. 113. 201), the latter in course of preparation, 
covers all the usual aspects of conventional steelwork 
design and construction in both mild and high-tensile 
steels. The code contains information on materials ; 
permissible stresses in mild and high-tensile steels ; the 
designs of cased and uncased beams and struts, purlins, 
plate girders and filler joists; measures of fire protec- 
tion ; welded and bolted connections ; shop fabrication; 
erection on site; inspection in shops and on site; 
and maintenance. Appendices, relating to the symbols 
used in the code, a summary of issible stresses, 
loading tests, and effective lengths of stanchions ia 
buildings, are also included. [Price 7s., postage 
included.] 





THoMas GRAY MEMORIAL TRUST.—Tbe Council of 
the Royal Society of Arts offer two awards under the 
Thomas Gray Memorial Trust, the objects of which are 
“The Advancement of the Science of Navigation and the 
Scientific and Educational Interests of the British Mer- 
cantile Marine.”” The first award consists of a prize of 
501., and is for an essay on “‘ The Applications of Radar 
to Navigation.” The essay should be on elementary 
lines, suited to the needs of young seamen. Competitors 
must send in their essays not later than December 31, 
to the secretary of the Society, John Adam-street, 
London, W.C.2. The competition is open to persons of 
British nationality, who are bona-fide professional sea- 
farers of the British Merchant Navy. The second award, 
also of 501., will be offered to any member of the British 
Merchant Navy for a deed of outstanding professional 
merit. The period to be covered by the offer is the 
year ending September 30, 1948, and deeds of the type 
to be considered should be brought to the notice of 
the Council of the Society by December 31, 1948. 





BOOKS RECEIVED. 


Fans. Terms, Definitions and Standards in Use by the 
Fan Engineering Indusiry. The Fan Manufacturers’ 
Association, 23, Queen-square, London, W.C.1. [Price 
2s. 6d. net.) 

Australia. Council for Scientific and Industrial Research. 
Bulletin No. 221. Contributions to the Study of the Cell 
Wall, By A. B. Warprop and H. E. DADSWELL. 
Offices of the Council, 314, Albert-street, East Mel- 
bourne, Victoria. 

British Catalogue of Plastics. An Encyclopedia of 
Plastics. Second edition, revised and enlarged. The 
National Trade Press, Limited, Tower House, South- 
ampton-street, London, W.C.2. [Price 60s. net.] 

The Mechanical Testing of Metals and Alloys. The Theory 

and Practice of Standardised Mechanical Testing. By 

P. FIELD Foster. Fourth edition. Sir Isaac Pitman 

and Sons, Limited, Parker-street, Kingsway, London, 

W.C.2. [Price 18s. net.] 
ision Investment Castings. By EDWIN LAIRD Capy. 

Reinbold Publishing Corporation, 330, West 42nd- 

street, New York 18, U.S.A. [Price 6 dols.] Chapman 

and Hall, Limited, 37, Essex-street, London, W.C.2, 

{Price 36s. net.] 

The Steam Lorry, 1896-1939. By R. W. KIpNER. Loco- 
motion Papers No. 3. The Oakwood Press, Tangle- 
wood, South Godstone, Surrey. [Price 2s. 6d. net.] 

Unit Heater Manufacturers’ Association. Standard Code 
for Testing and Rating Unit Heaters Using Hot Water 
Up to 200 deg. F. Flow Temperature. Offices of the 
Association, 23, Queen-square, London, W.O.1. [Price 
3s. 6d. net.] 

United States Bureau of Mines. Technical Paper No. 705. 
Bibliography of Mines Publications Dealing with Health 
and Safety in the Mineral and Allied Industries, 1910-46. 
By Sara J. DAVENPORT. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton 25, D.C., U.S.A. [Price 30 cents.) 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 132. Investigation of Bridge Impacts with 
a Mechanical Oscillator. By C.T. WEsT. The Director, 
Engineering Experiment Station, Ohio State Univer- 
sity, Columbus 10, Ohio, U.S.A. [Price 75 cents.] 

Department of Scientific and Industrial Research. Indus- 
trial Research. Bulletin No. 1. Clay Building Bricks. 
Their Manufacture, Properties and Testing. By B. 
BUTTERWORTH. [Price 1s. net.] Special Report No. 1. 
Structural Requirements for Houses. By Dr. F. G. 
Tuomas. [Price 9d. net.] H.M. Stationery Office, 
Kingsway, London, W.C.?2. 

The British Electrical and Allied Industries Research 
Association. Technical Report No. K/T125a. A 
Large-Scale Sampling-Survey of Domestic Consumers. 
Offices of the Association, 15, Savoy-street, London, 
W.C.2. [Price 9s. net.] 

Year Book of the Heating and Ventilating Industry. 
Issued in collaboration with the Association of Heating, 
Ventilating and Domestic Engineering Employers. 
Technitrade Journals, Limited, 8, Southampton-row, 
London, W.C.1. [Price 5s. net.]} 

La Fatigue des Métaur. By R.Cazaup. Third edition. 
Dunod, 92, rue Bonaparte, Paris (YVIe). [Price 1,650 
francs. ] 

Materiallehre. Ein Lekrbuch far den Unterricht und zum 
Selbststudium. Edited by PROFESSOR HERMANN 
CHRISTEN. Fifth, enlarged, edition. Verlag Huber & 
Co., Frauenfeld, Switzerland. [Price 11.25 Swiss 
francs.] 

United States National Bureau of Standards. Circular 
No. 464. Gas Calorimeter Tables. By R. S. JESSUP 
and E. R. WEAVER. [Price 15 cents.] Circular No. 
467. Atomic Energy Levels. The Spectra of Hydrogen, 
Deuterium, Helium, Lithium Beryllium, Boron, Carbon, 
Nitrogen, Oxygen and Fluorine. By CHARLOTTE E. 
Moore. [Price 50 cents.] Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton 25, D.C., U.S.A. 

Non-Ferrous Production Metallurgy. By JOHN L. Bray. 
Second edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. ‘[Price 
6 dols.} Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 36s. net.} 

Ministry of Town and Country Planning. Town and 
Country Planning Act, 1947. Explanatory Memoran- 
dum. Part II. Notes on Sections. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 2s. net.] 

The British Welding Research Association. Annual Report, 
1947-48. Offices of the Association, 29, Park-crescent, 
London, W.1. 

The Scottish Seaweed Research. Association. Annual 
Report for 1947. Offices of the Institute, Inveresk 
Gate, Musselburgh, Midlothian. 

Windmills in England: A Study of Their Origin, Develop- 
ment and Future. By REX Wattes, The Architec- 
tural Press, 13, Queen Anne’s Gate, London, S.W.1. 
[Price 12s. 6d. net.) 

The Fracture of Mild Steel Plate. Admiralty Ship Weld- 
ing Committee Report No. 'R.3. By Dr. C. F. ELAM 
TrePeR. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 6s. 6d. net.) 
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THE MACHINE TOOL AND ENGINEERING 
EXHIBITION AT OLYMPIA. 


(Continued from page 226.) 











— 





We continue below our account of the exhibi- 
tion at Olympia, which closes tomorrow, Saturday, 
September 11. We understand that the Machine 
Tool Trades Association have booked Olympia for 
the next exhibition, which is to be held in 1952. 
The business which will accrue directly to machine- 
tool makers and agents as a result of the present 
exhibition will doubtless be sufficient satisfaction 
to the Association, but the advantage to many 
engineers Of being able to view a very large collec- 
tion of machine tools is of equal, if indirect, benefit 
to the industry. As 14 years have elapsed since 
the last exhibition was held by the Association 
at Olympia, and the war caused many engineers 





conducting business. As, however, many firms have 
other stands near the walls or in the galleries, where 
offices are allowed, or have separate offices in various 
parts of Olympia, this inconvenience is not very 
serious ; it is certainly not sufficient to justify the 
abandonment of the open stand arrangement. The 
cards showing the names of firms and numbers of 
stands, however, might well have been made larger. 
Furthermore, the information might well be repeated 
on the inner faces of the cards, to avoid the em- 
barrassment of the visitor who has momentarily 
forgotten the name of the firm. These are small 
points, however, and the visitor cannot fail to be 
impressed favourably with the exhibition, whether 








Fie. 44. 


to be diverted from their normal work, the present 
exhibition has provided the first opportunity that 
many of them have had, especially those.of the 
younger generation, of learning something of the 
many types of machine tools now available. Most 
engineers, even many who are concerned with 
machine shops in their every-day work, have only 
a scanty knowledge of tools not used in their own 
shops. The exhibition, however, has enabled them 
to bring their knowledge of machine-tool practice 
up to date. It is to be hoped that those who are 
now laying out new works in this country or over- 
seas have been able to see the wood for the trees. 
When there are so many ways of forming a thread, 
for example, it must be difficult sometimes to decide 
which is the most suitable for a particular purpose. 

We have already expressed the view that the 
absence of monumental stands is a great advantage 
to the visitor, but there are several other points 
which may be considered. Some inconvenience is 
caused by not having closed offices on the stands 
Occupying the main areas of the ground floors, as an 
Open stand is not the most comfortable place for 














“‘Hyproptic”’ Jia Borrmye anp Mituinc Macutne; Socrtt& Genevoisz, Lumtrep. 


he examines machine tools individually or surveys 
the. panorama from the Grand Hall Gallery. 

The effect of limiting the supply of catalogues, 
due to the shortage of paper was the subject of 
comment in the leading article in our issue of 
August 27. The catalogue is well arranged, but 
its value could have been enhanced by the provision 
of an index of machine tools by types. There is con- 
siderable work in the preparation of such an index, 
but it would have been worth while, and if the 
references were to page numbers rather than to the 
names of firms, only a few pages would be required. 
The map entitled “‘ Approaches to Olympia ” shows 
six London Transport stations, one of which is 
Uxbridge-road, which was closed some years ago. 

The Machine Tool Trades Association have 


arranged a historical exhibit on the gallery between 
the National and Grand Halls, intended to show 
the very great contribution which Britain made to 
the progress of civilisation by ‘‘ the birth and early 
development of the machine tool in England.” 
For the pi 

tool” is de 


of the exhibit, the term ‘‘ machine 
as “a power-operated mechanism 








for cutting metal or wood, which by use of the 
copying or generating principle produces work more 
accurately and more quickly than any other pre- 
viously known method.” Some hand tools, a hand 
lathe and a rose lathe, made in Germany about 
1750 for ornamental turning, serve to show the 
type of tools that were used before the advent of 
machine tools. The famous boring machine, claimed 
to be the first genuine machine tool, which was 
established by John Wilkinson at Bersham Mill, 
near Wrexham, is illustrated by a model. This 
machine was used from 1775 to 1795; it was the 
first mill in which the boring bar was supported at 
both ends, and it enabled James Watt to build his 
condensing steam engine. One of the original, 
though modified, boring bars is also displayed. 
The introduction of the hydraulic-press principle is 
illustrated by a model of the Bramah press, which 
bears a nameplate dated 1796. The difficulty of 
preventing leakage was overcome by Maudslay, 
who invented the cup washer. There is also a 
machine for the manufacture of Bramah locks. 

Henry Maudslay is represented principally by 
some of the original machines, and the original 
models, which were built by him and designed by 
Brunel for producing pulley blocks at Portsmouth 
Dockyard. A Maudslay lathe, circa 1800, and his 
first screwcutting lathe, built just before the end 
of the Eighteenth Century, are on show. James 
Nasmyth, pupil of Maudslay, is represented by a 
sketch of his steam hammer, from his notebook, and 
a photograph of a model. A planing machine, built 
by Richard Roberts in 1817, is believed to be the 
earliest planing machine now in existence. Two sets 
of Whitworth plug and ring gauges are also among 
the exhibits. Three interesting exhibits come from 
the collection privately formed by Mr. J. F. Parker 
at Tickenhill, Bewdley: they are a treadle lathe, 
dating from 1760, with which is displayed a set of 
chucks, etc., used in spinning small sheet-metal 
parts; and two thread-rolling machines, dated 
1870 and 1878. 

The Société Genevoise, Limited, 5-6, Brettenham 
House, Lancaster-place, London, W.C.2, are exhibit- 
ing some examples of their Swiss-made machines. 
Apart from the jig-boring and milling machine, 
which is described below, there are a smaller jig 
borer, with an optical setting system; a milling, 
boring and drilling machine of the type with a cross- 
slide spanning a planer-type table, also with an 
optical setting system ; some measuring machines ; 
profile projectors; boring accessories, etc. The 
Hydroptic No. 7 jig-boring and milling machine, 
which is illustrated in Fig. 44, on this page, is one 
of the largest machines of this type to be built. 
The accuracy of the settings of the table and spindle 
head is guaranteed to within 0-0002 in., and the 
microscopes read to within 0-0001 in. The machine 
is fitted with an S.I.P. optical measuring system, 
which has already proved satisfactory on earlier 
Hydroptic machines. The longitudinal travel of 
the work-table is 55 in.; the vertical travel of the 
spindle quill is 12 in., and the cross traverse of the 
spindle head is 40in. The work-table has a working 


. | surface of 614 in. by 404 in., and will carry a load 


of 4,500 Ib. It is fitted with guiding rollers which 
ensure smooth travel, whatever load is carried, and 
reduce friction and wear of the table and bed ways. 
The hydraulically-operated traverse of the table 
provides infinitely-variable feeds up to 12 in, per 
minute, a rapid traverse at 80 in. to 100 in. per 
minute, and a slow feed for setting the table at 
0-0014 in. per second. 

The vertical-spindle head incorporates a two- 
speed 3 to 4 h.p. motor and auxiliary motors for con- 
trolling the change-over of the speeds and feeds, in 
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addition to the rapid vertical traverse of the quill. 
A counterweight relieves the cross-rail guide ways 
of the greater part of the weight of the spindle head. 
The spindle runs in taper-roller bearings which run 
truly to within 0-00005 in. There are 18 spindle 
speeds from 40 to 2,000 r.p.m., and a slow speed of 
6 r.p.m. for setting purposes. Eight spindle feeds are 
provided, in both vertical directions, from 0-0005 in. 
to 0-012 in. per revolution ; and there is a rapid 
traverse for the spindle quill of } in. per second. 
A built-in measuring device for the spindle has a 
range of 12 in. and reads to within 0-0005 in. on a 
dial indicator. Four milling feeds are provided for 
the head, of 1, 2, 3 and 6 in. per minute in both 
directions, and there is a rapid traverse of 58 in. 
per minute. 

Most of the controls for the machine are duplicated 
on both sides of the bed ; these include the “ start’”’ 
and “stop ” of the spindle (the spindle being braked 
automatically); the speed changes; the vertical 
rapid-traverse motion ; the feed changes ; the slow 
rotation of the spindle for setting; and the dis- 
engagement of the drive to permit the spindle to be 
rotated by hand. All controlling levers are arranged 
to have directional motion. The optical-measuring 
system consists of standard scales graduated in 
0-1l-in, divisions, and enclosed in hermetically- 
sealed spaces ; and microscopes with a magnifica- 
tion of 45 diameters, reading to 0-001 in. on the 
drums and 0-000] in. on the verniers. The weight 
of the machine is approximately 10 tons ; the over- 
all length is 13 ft. 8 in., the width is 8 ft. 8 in., and 
the height is 10 ft. ll in. In addition to the normal 
equipment, such as boring-tool holders, arbor, etc., 
three different rotary tables can be supplied: a 
plain rotary table, one with an optical setting system, 
and one which can tilt as well as rotate. 

On the stand of Messrs. George Richards and 
Company, Limited, Broadheath, Manchester, are 
exhibited some of their latest types of boring and 
facing machines. These include a 6-ft. double- 
standard vertical boring and turning mill, a 56-in. 
heavy-duty railway-wheel boring and turning mill, 
and two types of horizontal boring and facing 
machine. A photograph of one of the last-mentioned, 
a No. 2 HT horizontal boring and facing machine, 
is reproduced in Fig. 45, on this page. This machine 
weighs about 9 tons; it has a main spindle 3 in. 
in diameter, and will face work up to 30 in. in 
diameter. The horizontal work-table is 3 ft. 
square, and swivels through 360 deg. on a traversing 
table which is 4 ft. long by 2 ft. 6in. wide. The main 
spindle is mounted in Hydrauto bearings, and the 
traversing spindle in roller bearings. Both the 
bed of the machine and the upright are cast in 
heavy box sections which are strongly ribbed 
internally. The boring stay is mounted on a saddle 
which can be traversed along the bed by rack and 
pinion ; the surface of the saddle is at the same 
height from the floor as the surface of the main table, 
so that when the stay is not required it can be 
removed and the saddle used for supporting long 
or overhanging work. A handwheel and screw 
provide vertical adjustment for the stay bearing, 
which can be locked in position ; an electric motor 
is also fitted to give the required adjustment. 
The stay bearing has a hinged cap, which opens to 
allow the boring bar to be inserted. The traversing 
or main table is also carried on a saddle, this being 
of sufficient length to give ample support to the 
table in all positions. The upper table rotates 
about a centre pin which can be raised or lowered by 
a small lever at the front of the main table; this 
arrangement allows a load of several tons to be 
lifted and turned easily. 

All the main motions are electrically controlled 
from a push-button pendant, from which the cabling 
is taken through flexible tubing to a self-contained 
cubicle which houses the main contactors, fuses, 
etc. ‘By means of the push-button control, work 
can be rapidly traversed, or inched in short steps, 
into its station before final adjustment by hand- 
wheel. The traversing spindle has 32 speeds 
ranging from 6-4 to 675 r.p.m., and there are 
24 speeds for the facing head ranging from 6-4 to 
345 r.p.m. The facing slide carrying the cutting 
tools normally used for vertical surfaces has eight 
feeds which range from 0-01 in. to 0-125 in. per 
revolution. Eight feeds, ranging from 0-005 in. to 
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0-063 in. per revolution are provided for the main | hobbing machine, shown in Fig. 46, on this page, 
table. The spindle and facing head can be rotated | is suitable for the production of spur and helical 
either simultaneously or independently. 

A large gear-hobbing machine has been intro-|the tangential-feed method or a combination of 
duced by Messrs. William Asquith, Limited, High-| both methods in which the roughing is done with 
road Well Works, Halifax, some of whose machines |a radial feed and the finishing with a tangential 
have been described on page 196, ante. The gear-'feed. The maximum diameter of gear that can 


gears, and worm-wheels by the radial-feed method, 
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be accommodated is 30 in., the maximum hobbing 
width is 11} in., and the maximum pitch is 3 D.P. 
The base of the machine supports the main gear 
and feed boxes, and houses the electrical panels, 
and the coolant and oil pumps. The main column 
is of box section and supports the hob slide on 
flat ways. An over-arm is bolted to a vertical- 
feed motion box which is fixed to the column. 
The over-arm is also clamped to the work-arbor 
supporting column, and is off-set so that it does 
not interfere with the loading of heavy work- 
pieces by crane. The horizontal slide can be 
set to the required centre distance by a rule and 
vernier reading to 0-001 in., the accuracy being 
independent of the accuracy of the fixed screw. An 
automatic feed is arranged to trip at approximately 
0-01 in. short of the full depth of cut, enabling hand 
feed to be applied for the remainder. The work- 
table, which is 23 in. in diameter, is mounted on a 
conical bearing with a long central spigot, and is 
provided with quick power rotation for setting 
gear blanks, Rotary motion is imparted to the 
table by an indexing drive, with change wheels for 
hobbing gears with 8 to 448 teeth. A plain hob 
slide is arranged to swivel so that gears with tooth 
angles up to 60 deg. can be cut. A vernier scale 
permits readings to 5 minutes. Provision is made 
for setting the hob spindle endwise to within 
0-002 in., and for setting the hob slide vertically to 
the same degree of accuracy. The maximum dia- 
meter of hob is 4} in., the maximum length, 5 in., 
and the maximum hob movement, 2$ in. The 
hob slide is balanced by a counterweight. A tan- 
gential hob slide derives its feed from the vertical 
shaft which normally feeds the plain hob slide. 

The ranges of feeds are: 0-197 in. to 0-009 in. 
Vertical feed per revolution of the table ; 0-088 in. 


UntversAL Hoppinc Macutne; Messrs. W. E. Sykes, Limirep. 

















to 0-004 in. horizontal feed per revolution; and 
0-253 in. to 0-012 in. tangential-slide feed per 
revolution. The horizontal and vertical feeds are 
selected by means of pick-off gears, and automatic 
trips are provided for the vertical feeds in both 
directions and the horizontal feed in one direction. 
The controls are related in direction of movement 
to the corresponding feed, etc. The machine is 
driven by a constant-speed reversible motor of 
5 h.p., running at 1,440 r.p.m. The drive is taken 
through V-belts and a six-speed gearbox, the stan- 
dard range of speeds being from 44 to 112 r.p.m., 
although a higher range, from 88 to 224 r.p.m. can 
be provided. A large flywheel is incorporated in 
the drive. The gearbox also drives the work-table 
through change wheels and a worm and worm- 
wheel. The machine weighs approximately 4 tons 
13 cwt., and requires a floor area of 7 ft. by 10 ft. 

Various gear-cutting machines and associated 
equipment are displayed by Messrs. W. E. Sykes, 
Limited, Manor Works, Staines, Middlesex. A 
type 2H hobbing machine has been introduced 
recently for the rapid production of clock, watch 
and instrument gears up to 2 in. in diameter. A 
horizontal multi-cutter gear-generating machine, 
type 1A, for work up to 12 in. in diameter, and 
another, type 3C, for work up to 40 in. in diameter, 
are representative of a range of machines of this 
type, of which the largest can handle work up to 
67 in. in diameter. The type 3C machine at the 
exhibition is shown cutting eight motor-car starter 
rings, using four cutters and cutting the eight 
rings in one operation. A small high-speed gear- 
shaping machine for gears up to 4 in. in diameter 
has been developed recently, and the prototype 
is exhibited. There are also a gear-tooth burnishing 
machine and a gear-tooth comparator. 








Fig. 48. VerticaL GraR-GENERATING MacHINE; Messrs. 


W. E. Syxes, Limrrep. 


The Sykes universal hobbing machine, type 
HV.14, which is illustrated in Fig. 47, on this page, 
has been introduced within the past few months 
for cutting spur and helical gears, splines, worm- 
wheels, roller-chain sprockets, and other forms 
that can be generated by hobbing. It will accom- 
modate gear blanks up to 14 in. in diameter with a 
maximum helix angle of 10 deg., or up to 4 in. in 
diameter with a 60-deg. helix angle. The maximum 
face width varies from 6 in. to 9 in., depending on the 
angle of the helix, and the maximum diametral 
pitch is 6. Gears on shafts up to 17} in. long can 
be accommodated between the work-table and the 
work-arbor support. The work-table is 11 in. in 
diameter and has a hole in the centre tapering from 
23 in. to 1} in. in diameter. 

The motor for the main drive develops 2 h.p. at 
1,450 r.p.m., and a }-h.p. motor is fitted to operate a 
quick-return drive to the hob saddle. The table 
is driven through change wheels, which normally 
provide for gears of 6 to 200 teeth, and a two-start 
worm and worm-wheel. A single-start worm can 
be supplied for finer work. There are six hob 
speeds, selected by means of change wheels. Vernier 
scales are fitted to the work saddle and hob carriage, 
and safety limit switches safeguard the machine 
against damage and provide an automatic stop on 
the completion of the cutting cycle. The machine 
weighs approximately 25 cwt., and is 5 ft. 6 in. high. 

Messrs. Sykes are also showing a type V.10A 
vertical gear-shaping or generating machine, which 
we illustrate in Fig. 48, on this page. This machine 
can be used for many types of work, including 
external and internal spur and helical gears, racks, 
splines and sprockets. After it has been set up 
it is automatic in action, and an operator can 
attend to four or more machines. The gear blank 
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is located on the work-table, which rotates at a 
pre-determined speed. The cutter is reciprocated 
vertically, and simultaneously rotated at a speed 
which bears a direct relationship to the speed of the 
work, depending on the number of teeth in each. 
The reciprocating motion is imparted by a crank 
and connecting red in the upper part of the machine. 
In order to move the cutter away from the work 
during the up- or return-stroke, it is withdrawn by 
a cam and wedge mechanism. The angle of the 
helix of a gear is determined by a guide strip which 
is attached to the cutter spindle and reciprocates in 
a sleeve with a corresponding groove. The strip 
and groove cause the cutter to be rotated during the 
downward cutting stroke, and reversed during the 
return stroke. This motion, of course, is super- 
imposed on the normal feed motion of the cutter 
and work as they rotate. The maximum helix 
angle that can be generated is normally 45 deg. 

There are eight cutting speeds from 149 to 622 
cutting strokes per minute, provided by a two-speed 
motor of 2 h.p., a two-speed gearbox and V-belt 
pulleys. Gears are formed after one, two or three 
revolutions, according to the setting of the machine. 
This is controlled by a cam plate and rollers, and at 
the end of the final cut, the saddle and work-table 
assembly retract, bringing the work clear of the 
cutter and switching off the machine. To ensure 
consistent setting to a limit of 0-0001 in., dial 
indicators and adjustable stops are fitted to the 
saddle. A control on the right-hand side of the 
machine permits the direction of rotation of the 
cutter and work-table to be reversed without 
affecting the cutter-relief motion or the rotation of 
the crank. This is particularly useful for cutting 
racks, segments and quadrant gears, as it saves time 
to be able to cut in both the backward and forward 
directions. 

A special table can be readily fitted to the machine 
for cutting racks up to a maximum face width of 
2} in. and a maximum pitch of 5 D.P. Two sizes 
of table are available: for racks up to 12 in. and 
24 in. in length. Longer racks, of course, can be 
cut, although not at one setting. The machine 
can also be used for slotting, a hand indexing 
attachment being available for this purpose; the 





cutter spindle or the work-table can be indexed. 
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Fig. 51. 


Gears of any outside diameter up to 14 in. can 
be cut in the machine. Internal gears up to 6} in. 
inside diameter can be cut, using a cutter of 2-in. 
pitch-circle diameter and the automatic in-feed ; 
or up to 20 in. in diameter using a cutter of 3-in. 
pitch-circle diameter without automatic in-feed. 
The maximum face width is 2} in., and the maxi- 
mum and minimum pitches are usually 6 D.P. 
and 64 D.P., respectively. The machine weighs 
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approximately 46 cwt., and is 6 ft. 6 in. high. 
Messrs. Cincinnati Milling Machines, Limited, 
Woodlands Farm-road, Tyburn, Birmingham, are 
showing a collection of machines for diesinking, 
milling, surface broaching, centreless grinding and 
cutter sharpening. The model 0004 unit-type 
milling machine is a new design made in the United 
States. It is intended for the quantity production of 
small parts of sewing machine, typewriters, sm! 
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Heavy-Duty Rapiat Drimiine Macutne; Mzssrs. James ARCHDALE AND CoMPANY, 
LIMITED. 


tools, etc. There are four (or fewer) individual 

milling units mounted on a common base, enabling 

several different operations to be performed pro- 

"| gressively on a particular component, or several 

Operations on different components. The machine 

is operated hydraulically. The machine illustrated 

in Fig. 49, opposite, is a Cincinnati No. 2MI plain 

milling machine, equipped with a high-speed vertical 

milling attachment and an automatic depth-control 

attachment. The basic machine is a war 

design, and the attachments make it suitable for die- 

sinking and similar work. Sixteen spindle speeds, 

from 25 ¢.p.m. to 1,500 r.p.m., are selected by means 

of a crank handle on the left-hand side of the 

machine, the gears being shifted hydraulically. 

There are also 16 feeds, both longitudinally and 
transversely, from } in. to 30 in. per minute, selected 

in a similar manner, and a quick traverse at 150 in. 

per minute is provided. The position of the over- 
arm is adjustable, and it is fitted with a vibration 
damper. The working surface of the work-table is 
49 in. long by 10 in wide ; and the traversing move- 
ments are: 28 in. longitudinally, 10 in. transversely, 
and 19 in. vertically. The vertical feeds of the table 
are from } in. to 15 in. per minute, and the quick 
traverse in the vertical direction is 75 in. per minute. 
The machine is driven through V belts by a 5-h.p. 
motor, and weighs about 39 cwt. It is exhibited 
in its plain form, and with the attachments shown 
in Fig. 49. 

The attachments make the machine suitable for 
the production of plastic moulds, metal patterns, 
die-casting dies, small drop-forging dies, and any 
work requiring the tracer-controlled copying of 
shapes. The attachments are generally similar to 
corresponding t components fitted to the 
Cincinnati 8-in. by 18-in. tool and die milling ma- 

chine. The high-speed vertical milling attachment 
can, of course, be used without the automatic 
depth-control attachment. It is driven through a 
V belt by a two-speed motor of 1 h.p. to } h.p., and 
there are ten spindle speeds from 185 r.p.m. to 
3,300 r.p.m. The spindle carrier can be swung 
45 deg. to the left and right to facilitate the milling 
of angular surfaces. The quill is 3} in. in diameter ; 
it has a vertical travel of 3} in., and is fed by a 
slow-feed handwheel for boring, or by a ot 
acting hand lever for sensitive’ drilling. A dial- 
indicator depth gauge is fitted. The automatic 
depth-control attachment is a self-contained hy- 
draulic tracer unit which can be attached to, or 
removed from, the machine without connecting or 
disconnecting any hydraulic lines. While the 
operator actuates the longitudinal and transverse 
movements of the table, which carries the master 
form and the workpiece, the tracer controls the 
vertical movement of the quill. The contact 
pressure of the tracer stylus on the master form is 
very light, permitting the use of wood, plaster of 
Paris, or other easily worked materials for the 
master form. The hydraulic reservoir, pump and 
j?-h.p. motor are mounted in a cabinet which 
runs on rollers and is placed beside the milling 
machine. 

The 16-in. Hydro-Tel vertical milling machine 
shown in Fig. 50, opposite, has recently been 
added to the range of Cincinnati machines built at 
the Birmingham factory. It is a die-sinking 
machine with an automatic depth-control mechan- 
ism, and is also made as a general-purpose vertical 
miller and as an automatic 360-deg. profiling 
machine. The table, traversed hydraulically, has a 
working surface 43 in. long by 16in. wide. The bed 
of the machine is cast integrally with the rear base, 
and the table slides on square ways on the bed. 
The cross-slide is similarly mounted on top of 
the rear base, and a vertical spindle head is 
supported on the front face of the cross-slide. 
Both are traversed hydraulically. A 3-h.p. motor, 
pump and oil reservoir are housed im the rear 
base, and a fan circulates air round the hydraulic 
unit to cool the oil. There are two levers for 
controlling the hydraulic feeds of the table and the 
cross-slide, respectively. Each lever has five 
positions : a central neutral position, forward feed 
and quick traverse on one side, and backward feed 
and quick traverse on the other side. The feed 
rates, which may be selected independently, are 





infinitely variable between 1 in. and 25 in. per 
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minute, and there is a quick traverse of 120 in. per 
minute. 

The movements of the table and cross-slides can 
also be controlled by two handwheels on the front 
of the machine, the handwheels operating servo 
mechanisms, thus requiring only finger-light pres- 
sure. The handwheels are mounted on brackets 
which can be swivelled below the level of the table 
when required. Power feed from } in. to 3} in. 
per minute, suitable for boring, can be provided 
for the vertical spindle, as also can a four-sided 
turret stop for tripping the vertical feed at a pre- 
determined depth. The stops trip the feed slightly 
before the required depth has been reached, the 
remaining feed being applied manually while a 
dial indicator is observed. A 5-h.p. motor drives 
the spindle ; there are 16 speeds from 25 to 1,500 
r.p.m., although an alternative range of 33 to 2,000 
r.p.m. can be arranged for milling aluminium, etc. 
Speeds are selected by a crank handle, and a 
speed calculator mounted on the front of the spindle 
head enables the operator to decide which speed to 
use. The principal parts of the machine are lubri- 
cated automatically. 

When the machine is equipped with an automatic 
depth-control mechanism, the master shape is 
supported on an auxiliary table which is attached 
to the right-hand end of the main table, as shown in 
Fig. 50. The depth-control mechanism is mounted 
on slides which allow it to be adjusted in three 
planes in relation to the cutter. As with the attach- 
ment fitted to the No. 2 M.I. machine (Fig. 49), the 
stylus can operate on easily-worked materials 
such as wood and plaster of Paris. The accuracy 
of copying is stated to be + 0-003 in. A useful 
safety feature is that the tracer mechanism is 
auton.atically disengaged when the stylus is hanging 
freely, not in contact with anything; although a 
valve to by-pass this automatic disengagement can 
be operated, if required. The machine weighs 
approximately 107 cwt. 














Messrs. Cincinnati Milling Machines, Limited, are 
showing the ‘“‘ Hydromatic milling machines which 
are made in the plain form or in the duplex form 
shown in Fig. 51, on page 244. These machines are 
made of a number of standard units in a wide 
variety of sizes. The duplex machine é¢xhibited 
is the model OL 5-60, the table travel of which is 
60 in. The working surface of the table is 79} in. 
long by 22 in. wide. The complete range of 18 
sizes Of Hydromatic machines provides for table 
travel from 24 in. to 90 in., with motors from 
74 to 30 h.p. The longitudinal feed of the table 
is operated hydraulically, the rate being infinitely 
variable up to: 30 in. per minute for the OL 5-60 
machine. The machine can be set up with an 
automatic table-feed cycle, a quick power tra- 
verse bringing the work rapidly to the cutter. The 
sequence of events can be adjusted to suit each job, 
and, on machines equipped with the necessary table 
feed and quick traverse in both directions, a typical 
cycle for workpieces, which are mounted on alternate 
ends of the table while milling is in progress, is: 
quick advance to cutter; feed; reverse table; 
quick advance to cutter ; feed ; reverse table. The 
machine can also be provided with a variable-feed 
attachment which is controlled from a cam attached 
to the table. This ensures that the machine is used 
at practically constant horse-power when milling 
a workpiece which varies in section or depth of cut, 
thus reducing the time required to machine the piece. 
The OL 5-60 machine is provided with eight spindle 
speeds from 24 to 179 r.p.m., and weighs approxi- 
mately 150 cwt. 

Messrs. Sydney G. Jones, Limited, 8, Balham-hill, 
London, S.W.12, as agents for certain Continental 
machine-tool makers, are showing several interesting 
machines. In addition to the large milling and 
boring machine illustrated in Fig. 59, on page 252, 
they are exhibiting several hydraulically-controlled 
copying lathes made by Messrs. Georges Fischer 
Société Anonyme, Schaffhouse, Switzerland. The 
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KDM range of copying lathes is an improvement 
on the older SDM range ; in particular, right-angle 
shoulders can be formed. The master part or tem- 
plate is supported below the workpiece, and the 
‘top ” slide, which is in an almost vertical plane, is 
between them. It is permanently set at an angle of 
about 60 deg. to the axis of the workpiece, so that a 
varying movement of the top slide, combined with a 
continuous longitudinal movement of the main 
slide, will produce the desired shape. There is no 
setting-up, in the usual sense of the word, and the 
lathe will take very heavy cuts, using a single-point 
tungsten-carbide tool. Internal copying can also 
be done. 

The largest machine on Messrs. Jones’s stand is 
the milling and boring machine (Fig. 59). By using 
@ variable-speed motor for each feed motion, it has 
been possible to concentrate all the principal con- 
trols in a pendant box, the connections from the box 
to the motors, etc., being electrical. The control 
box is suspended from a cantilever arm which is 
pivoted about a vertical axis, and the point of 
suspension is free to travel along the arm. The box 
can also be raised or lowered at will. Thus, the 
operator can move the box to any point within the 
range of the suspension gear, convenient for observ- 
ing the cutter, drill, boring bar, etc. The machine 
exhibited is one of a range of generally similar 
machines which are built from standard units to 
provide different capacities. They are designed by 
the Société Nouvelle de Construction de Machines- 
Outils et d’Outillage, Procédés C.W.B., 57, Avenue 
Franklin D. Roosevelt, Paris, 8e. Some of the 
machines are made by that firm, but the example 
exhibited at Olympia was made under licence by 
Messrs. Georges Fischer. 

The table of the machine is available in various 
widths from 800 to 3,000 mm. (31-5 to 118 in.), and 
lengths from 2,370 to 8,820 mm. (93} to 347 in.). 
The longitudinal travel is from 2,000 to 8,000 mm. 
(79 to 315 in.). The main column is supported on 
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slides at right-angles to the line of the bed, and 
has a traversing movement of 1,000 mm. (39 in.). 
The spindle head is mounted on it and has a vertical 
travel of 1,600 or 2,200 mm. (63 or 87 in.), according 
to the size of column chosen. The spindle is in 
two parts: a milling-cutter spindle and a boring 
spindle which is inside it and free to travel 
longitudinally. The combined travels of the two 
spindles is 1,315 mm. (52 in.), and the diameter of 
the boring spindle is 95 mm. (33 in.). The boring- 
bar support column is also mounted on slide ways, 
and can travel 630 mm. (25 in.). The support bear- 
ing is aligned with the boring-spindle axis by a 
collimator telescope mounted in the bearing and a 
target fixed to the spindle, the operator being able 
to control the adjusting movements conveniently 
by means of the control box while observing the 
telescope graticules and the target. 

The spindle speeds are steplessly variable between 
4 and 800 r.p.m., and all feeds are similarly variable 
between 0-64 mm. and 1,600 mm. (0-025 and 63 in.) 
per minute. The quick-traverse rate is 2,200 mm. 
(87 in.) per minute for all units. The spindle is 
driven by a variable-speed motor which develops 
16 h.p. at 3,400 r.p.m., and each feed is actuated by 
a 5-h.p. motor. The maximum boring diameter in 
cast iron is 600 mm. (23% in.); the maximum 
diameter of milling cutter is 400 mm. (15} in.) ; and 
the maximum drilling diameter in steel is 40 mm. 
(1-57 in.). 

The switches in the control box include, inter alia, 
those for feeds ; locking the slides; spindle speed ; 
spindle reverse; starting and “inching”; stop; 
and quick traverse. The feed motors can be 
started and stopped to ensure an accuracy of setting 
of 0-01 mm. (0-0004 in.). When a facing head is 
used, it is mounted on the end of the spindle ; 
it is driven by the spindle, but the feed is applied 
by a separate shaft in the head. End measuring 
rods are used for setting up the machine, in con- 
junction with dial indicators, and trip dogs are 
used for controlling the spindle travel and rate of 
feed. Illuminated remote-reading attachments can 
be provided to enable the operator to observe the 
dial indicators from any part of the machine. For 
serewcutting, a lead-screw is attached to the rear 
end of the spindle and works in a nut in the housing. 
The machine weighs approximately 26,000 kg. 
(25 tons). 

Continuing with milling machines, but turning 
to a contrast in size, the 24-in. production milling 
machine illustrated in Fig. 52, on page 245, is 
exhibited by Messrs. James Archdale and Company, 
Limited, Ledsam-street, Birmingham, 16. The 
firm are showing a number of radial drilling machines, 
vertical drilling machines, a fine-boring machine, 
some multi-spindle drilling machines, horizontal 
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and vertical milling machines, and a machine for 
milling the ports in locomotive piston-valve liners. 
The 24-in. production milling machine (Fig. 52) 
has been designed for high-production repetition 
work. It is of very rigid construction, the table 
being mounted directly on longitudinal slides on the 
bed, without intermediate slides, the adjustment for 
height between the workpiece and cutter being 
obtained by mounting the main column on vertical 
V-ways on the back of the bed. The table move- 
ment cycle is fully automatic, and provision is 
made for climb milling and “‘ pendulum ”’ milling. 

The bed is of box section, ribbed internally, and 
supports a table which has a working surface 42 in. 
by 9§ in., and a longitudinal traverse of 24in. The 
table is 36 in. above floor level, and the maximum 
and minimum distances of the spindle to the table 
are 12 in. and 3 in., respectively. The spindle is 
bored to the 3}-in. British Standard, which is 
equivalent to the American No. 40 series. There 
are alternative spindle-speed ranges of 30 to 212 
r.p.m., 60 to 420 r.p.m., 90 to 636 r.p.m., and 
114 to 800 r.p.m. For the three lowest ranges the 
spindle is of Nitralloy, running in a phosphor-bronze 
bearing, but for the highest speed range the spindle 
runs in anti-friction bearings. In both cases, the 
spindle is carried in a sleeve having axial adjustment 
for setting the cutter, operated by a helical rack and 
pinion with a micrometer disc. The sleeve can be 
clamped after setting. The rotation of the spindle is 
automatically stopped before the quick-return 
traverse of the table can be engaged. The spindle 
is driven by a built-in 5-h.p. motor running at 1,450 
r.p.m., through multiple V-belts and hardened spur 
gears ground on the tooth profile. 

The table feed is derived from a }-h.p. motor for 
the feed and a 1-h.p. motor for the quick traverse. 
The range of feeds is from 0-5 to 9-2 in. per minute, 
and the quick-traverse rate is 300 in. per minute ; 
they are available in both directions. An anti- 
backlash table nut permits climb-milling and 
improves up-cutting conditions. The table feed 
motion is interlocked with the spindle drive so that, 
if the spindle motor is overloaded, the feed motor 
is also tripped. Twin over-arms, an outer arbor 
support and brace are provided, and an intermediate 
steady can also be supplied. The full automatic 
cycle is initiated by a push-button and is set by 
adjustable dogs. A wide choice of cycles is available, 
a typical cycle being: quick traverse ; feed; quick 
traverse; feed; reverse; quick traverse; stop. 
The machine is lubricated by built-in pumps in the 
bed and column with a visible-flow indicator for the 
spindle drive. It weighs approximately 2 tons. 

An interesting special-purpose machine, which 
is illustrated in Fig. 60, on page 252, is exhibited on 


the ports in locomotive piston-valve liners and 
sleeves, and has been developed from experience 
gained during the war in profiling the ports in air- 
craft-engine sleeves and cylinders. The workpiece 
is carried on an arbor under a vertical end-milling 
cutter, and is moved axially and circumferentially 
by the action of two cams. As the cutter is fed 
downwards the port is gradually milled out. The 
shape of the port is determined by the shapes of the 
cams, two of which are required for each port 
shape. 

A 5-h.p. motor drives the cutter spindle through 
hardened and ground spur gearing, giving 12 speeds 
from 65 to 1,620 r.p.m. The spindle is bored No. 50 
standard taper, and normally carries a collet chuck 
for parallel-shank cutters, although adaptors for 
taper-shank cutters can be supplied. The machine 
is designed for cutters from # in. to 1 in. in diameter. 
The spindle slide has four rates of down feed, from 
0-11 to 0-66 in. per minute ; a quick hand adjust- 
ment and an automatic trip to stop the down feed 
at a predetermined depth are also provided. The 
spindle head can be traversed along the length of 
the liner to suit the position of the ports. The 
liner is carried on the arbor between two circular 
adaptors which are coned so that one fits in each 
end of the liner. At the left-hand end, the arbor 
extends into the workhead, and carries a circular 
indexing plate having holes, correctly spaced for 
the ports, to engage with a plunger. The right- 
hand end of the arbor is supported in a tail- 
stock and has a large nut for clamping the liner 
between the adaptors. When a liner has been 
milled the clamping nut is released, allowing the 
liner and adaptors to drop slightly on to a V-bloc 
which, together with the tailstock, is on a longitudi 
slide. This slide can be traversed hydraulically to 
the right; thus, the liner, adaptor and tailstock 
are moved axially, clear of the arbor. A fresh 
workpiece can then be exchanged for the milled 
liner. The maximum and minimum diameters 
of liner that can normally be accommodated in the 
machine are 16 in. outside diameter and 8 in. inside 
diameter, respectively. The maximum length of 
liner is 22 in. 

The workhead, cams, etc., are carried on a head- 
stock which moves longitudinally on rollers on the 
bed, the movement being controlled by the left-hand 
cam (shown uncovered in Fig. 60), which bears on a 
fixed-axis roller. The rotary movement of the 
liner is controlled by a rack bar and segmental 
pinion, the rack being actuated by the other cam in 
front of the machine. Each cam is of .the plate 
type, with a roller operating on the periphery. They 
are rotated by a 3-h.p. motor at the rear of the head- 
stock, driving through change wheels, which control 
the profiling speed, and a cross shaft with two 
worms, each worm driving a worm-wheel on the 
cam spindle. The worm drive is fitted with a 
backlash eliminator so that the two components 
of the profiling motion are perfectly synchronised. 
The cams are maintained in contact with the rollers 
by two hydraulic cylinders which exert continuous 

between each cam and its follower. The 
maximum length of port which can be milled is 
44 in., and the maximum angle is 55 deg. A self- 
contained hydraulic unit, with a 3-h.p. motor 
driving two variable-delivery pumps and one con- 
stant-delivery pump, is housed in the rear of the 
column. The two variable-delivery pumps serve 
the two cam-motion take-up cylinders, their outputs 
being adjusted to suit the profiling rate, and the 
constant-delivery pump feeds the tailstock-travers- 
ing cylinder. The electrical control gear is also a 
self-contained unit in the rear of the column, and 
the various motors are controlled from a push-button 
station at the operating position. A coolant system 
is provided to wash away cuttings and improve the 
finish. The floor area occupied by the machine is 
13 ft. by 5 ft. 9 in., and the overall height of the 
machine is 7 ft. 2 in. It weighs approximately 
6 tons. 

As already noted, Messrs. Archdale are showing 
a number of drilling machines, including multi- 
spindle machines with hydraulic feed to the head or 
the table. The radial drilling machines include a 
new 5-ft. high-speed machine with a capacity of 3 in. 
diameter in mild steel, and a 7 ft. 9 in. heavy-duty 








Messrs. Archdale’s stand. Itis a machine for milling 


radial drilling machine, illustrated in Fig. 53, on 
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addition to the Archdale range. It will drill holes 
up to 3} in. in diameter in mild steel, and both 
speeds and feeds can be pre-selected while the spindle 
is running or stationary. The locking or unlocking 
of the sleeve on the pillar, and of the saddle on the 
arm, are effected simultaneously by push-buttons in 
the centre of the saddle-traverse handwheel. Drilling 
cannot take place while the arm is unlocked, and it 
is impossible to damage the machine by any mistake 
in the operation of the controls. 

The maximum radius of the spindle from the 
pillar is 7 ft. 6 in., and the horizontal traverse of the 
spindle head is 5 ft. 2 in. The vertical movement 
of the spindle is 17} in. ; the vertical adjustment of 
the arm is 314 in.; and the maximum distance 
between the spindle and the base of the machine is 
5 ft. 7}in. The working surface of the base is 7 ft. 
by 2 ft. 1l in. The sleeve, which is 17? in. in dia- 
meter, is supported on the pillar by ball and roller 
bearings, and is locked to it by a conical ring which 
moves in a vertical direction, thus preventing radial 
movement of the arm during locking. The two 
locking motions, to which reference has already been 
made, are effected by an electro-hydraulic motor 
which, if required, can provide smooth locking, step 
by step, so that the sleeve is locked before the 
saddle. The arm is provided with a wide facing 
and a steel strip on top of the guides te carry the 
saddle. It is automatically locked to the sleeve 
when the operator releases the elevating-switch 
lever, thus no drilling can be done with the arm 
unlocked ; if the elevating nut were to fail, the arm 
lock would operate automatically. 

The spindle, which is bored No. 5 Morse taper, 
is driven by a 10-h.p. motor running at 1,450 r.p.m. 
There are 22 » from 11 to 1,400 r.p.m., and 
18 feeds from 12-5 to 675 revolutions perinch. The 
fine feeds are intended for boring workpieces in jigs 
and fixtures. There are also six tapping feeds. 
After the spindle speed has been selected, the clutch 
lever is moved to either the forward or reverse 
position, a damping device providing a smooth and 
quiet gear change without stopping the moter. The 
feed can be tripped by a stop which ensures con- 
sistent accuracy of depth to within 0-002 in. The 
feed-tripping dial is provided with a micrometer 
screw. The controls of the machine are simple and 
few in number, and are located close together at the 
bottom of the saddle. Safety devices include trips 
to prevent over-traversing of the arm and spindle, 

means to prevent overloading of the speed and 
feed gears. A 2-h.p. motor is provided for elevating 
the arm, and a }-h.p. motor for locking. The 
overall height of the machine is 12 ft. 9 in., and it 
weighs approximately 7 tons 10 cwt. Three other 
sizes of this machine—6 ft., 7 ft., and 8 ft.—are to 
be made by the firm. 

One of the most recent Archdale boring machines 
is the vertical “‘ snout ”’-type fine-boring machine 
with a single spindle, which is shown in Fig. 54, 
on page 246. It is suitable for both the production 
boring of cylinder liners and the re-boring of auto- 
mobile cylinder blocks, and will bore accurately up 
to approximately 7 in. in diameter. The head is 
provided with a long slide, the stroke being 34 in., 
and is bored to accommodate interchangeable 
spindle units, which can be supplied in different 
sizes to suit a range of work. The spindle is driven 
by a 3-h.p. motor through V-belts. There are six 
spindle speeds: 220, 280, 360, 460, 590 and 760 
r.p.m. The spindle runs in precision taper-roller 
bearings, the bottom bearing being close to the 
cutter. The distance from the spindle to the front 
of the column is 21# in., and the maximum distance 
from the spindle-head seating to the top of the 
table is 643 in. The feed to the spindle slide is 
applied by a hydraulic unit, which is carried at the 
top of the column and driven by a 2-h.p. motor; 
the feed is infinitely variable up to 4 in. per minute. 

The table has a working surface 60 in. by 18 in., 
and is provided with longitudinal and cross traverses 
of 36 in. and 3 in., respectively. The slides are 
locked by handles within easy reach of the operator, 
and the table can be loaded from the front or either 
side. The middle T-slot of the three provided in 
the table top is machined to a gauge so that it can 
be used as a tenon slot for locating workpieces. 


enable length bars and stops to be used. For 
reboring or short-run production, where a fixture 
is not warranted, the machine is supplied with a 
precision centering gauge which is plugged into the 
bottom of the spindle unit, and which operates 
through push-rods to a dial indicator mounted in 
the front of the machine head. The overall height 
of the machine is 11 ft., and it weighs approximately 
5 tons 5 owt. 


Limited, Peterborough, include vee Se 
grinding and boring machines, as well as 

optical equipment, such as projection microscopes 
and a projection use Of the latter 
for checking turbine blades being demonstrated. A 
photograph of ene of the company’s jig-boring 
machines, the No. 2 size, which a 
hydraulic system for power traversing, is repro- 
duced in Fig. 55, on page 246. One of the machine’s 
special features, to which reference is made later, 
is the patented roller method for the accurate 
measurement of traverse. When the machine is 
used for jig boring, the hydraulic traverse is 

only for the quick location of the table slides ; final 

: is b 


interlocked to prevent simultaneous engagement. 
The hydraulic system is operated by a constant- 
delivery pump driven by a 3-h.p. motor, and is 
fitted with a regulating valve which can be adjusted 
to reduce the traversing speed to a rate suitable 
for light milling. A single vertical four-position 
lever operates the hydraulic traverse valve, and 
selects the table slide to be moved as well as its 
direction of travel. This lever returns under spring 
action to a central “off” position immediately the 
Operator releases it, thereby automatically i 
both the machine and the work should his attention 
be diverted. 

The machine Weighs about 7 tons and, allowing 
for the overhang of the traversing-table supports, 
covers & floor area about 7 ft. 6 in. long by 6 ft. wide, 
and is approximately 9 ft. high. The machine is 
made in two main sections, namely, the bed and 
the upright; both are box-type castings which 
are strongly ribbed to give the necessary rigidity. 
The bed rests on one fixed and two adjustable 
supports, enabling it to be accurately levelled in 
spite of irregularities in floor surface, or foundation 
settlement. It is provided with cast-in tubes into 
which lifting bars may be inserted for transport pur- 
poses. The working surface of the table is 3 ft. 6 in. 
long by 2 ft. wide, and is 2 ft. 9 in. above floor level ; 
traverse in the itudinal direction is 3 ft., and 
cross-traverse is 1 ft.6in. The roller setting system, 
by which traverse is accurately measured, coasists 
essentially of two rows of 1-in. diameter rollers 
which are fixed beneath the traversing tables, and 
are used to locate a ‘‘ Microlecator.” The latter 
is a tool-room type of micrometer head with a 
carriage attachment for fitting to the follers. These 
rollers are laid out with their cylindrical sides touch- 
ing each other, and with the axes of the rows 
parallel to the two directions of traverse. The 
*‘Microlocator ” carriage is laid on the rollers and 
accurately located by means of an inverted V-block 
foot at one end of the carriage, and a V-shaped foot 
at the other end. On each slide is rigidly fixed a 
dial indicator which is operated by a rocking lever 
mounted on the dial frame. When accurate travers- 
ing is required, the “‘ Microlocator ” is first placed 
on the rollers; since these are 1 in. in diameter, it 
can be moved an exact number of inches by being 
placed in alternative positions along either channel. 
As the table slide is moved towards the “ Micro- 
locator,” the rocking lever attached to the dial 
indicator bears on the micrometer spindle, and the 
motien of the table can be set to within 0-0001 in. 

The boring spindle is carried in precision plain 
bearings, tapered at the lower end and parallel at 
the upper end, so that it is rigidly supported in a 
hardened and lapped quill. Spindle speeds range 
from 33 to 1,200 r.p.m. Boring tools are mounted 
in a collet in the spindle nose, no draw bar being 
necessary ; the throat distance between the axis of 
the boring spindle and the front face of the upright 
is 22} in. A brake allows the spindle to be stopped 
quickly and held while tools are changed, and an 
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spindle free for rotating by hand. The boring 
head and quill housing can be adjusted verti 
by rack and pinion, and clamped by a single lever. 
Inside the quill housing is the feed mechanism, 
which provides for four power feeds ranging from 
0-002 in. to 0-012 in. per revolution. These power 
feeds are selected by a sliding-key arrangement, 
but coarse and fine hand feeds are also provided, 
An automatic trip stops the power feed at any 
letermined point, and a graduated scale on the 
fine-feed handwheel enables work to be repeated to 
within very close limits of depth. 

Messrs. Drummond Brothers Limited, Ryde’; 
Hill, Guildford, are exhibiting three different models 
of their new “‘ Maximinor ” lathes, a new “‘ Maxicut” 
gear shaper, two “ Maximatic ” automatic multi. 
tool jathes, and two “ Maxicut” high-speed gear 
new Maximinor fully-automatic 
is made in three sizes, 18 in, 
in, between centres, the height of 
the bed being 6 in. in all sizes, 
machine is shown in Fig. 56, on page 
ximinor lathes are generally similar 
i Maxicut lathes, but 

a saddle at the front 
the back, although the 42.in, 
will take two saddles at the front and up 
tool-slides at the back. Each saddle will 
accommodate one or two cross-slides, the in-feeds 
of which are operated by former or cam plates 
acting on rollers. The Maximinor lathes are stated 
to be particularly suitable for the production of gear. 
box parts for cars, small electric-motor shafts, shafts 
for textile machinery, etc. After the machine has 
been set up, the machining cycle is initiated by 
moving a lever and thereafter is entirely automatic, 

The principle of the cross-slide is most easily 
appreciated by considering the sequence of opera- 
tions. The operator moves the starting lever; 
@ quick-traverse motor rotates the leadscrew 
rapidly, causing the former-plate carrier to be 
drawn along in the saddle. The former-plate, 
engaging with a roller on the underside of the 
cross-slide, causes it to move inwards rapidly 
towards the workpiece. At a predetermined point, 
the quick-traverse motor cuts out; the leadscrew 
continues to turn, but at a normal feed rate, feeding 
the tool into the work. When it has reached the 
required depth, the whole saddle is automatically 
picked up by the leadscrew nut and is traversed 
at the predetermined feed along the work. At the 
end of the cut, the quick-traverse motor re-engages, 
but in reverse, rapidly withdraws the tool from the 
work by the movement of the former-plate, and 
returns the saddle to the starting position. 

The feed-box at the left-hand end of the machine 
contains the mechanism for both the cutting and 
quick-traverse motions. A primary feed shaft is 
driven from the lathe spindle, and transmits the 
drive through change wheels to the front and rear 
leadscrews. The rapid power traverse is provided 
by two }-h.p. electric motors, which drive the front 
and rear leadscrews through bevel gears and over- 
running clutches on the leadscrews. Adjustable 
limit switches operate the quick-traverse motors 
for both forward and return motions. The machine 
is easy to set up, and when a crank-handle is 
applied to the left-hand end of either leadscrew for 
setting-up, the machine is isolated electrically, thus 
ensuring the safety of the operator. A 5-h.p. or 
7}-h.p. motor provides the main drive. A high- 
speed or low-speed headstock can be supplied, the 
speed ranges being from 500 to 2,000 r.p.m., and 
50 to 650 r.p.m., respectively. An air-operated 
tailstock can be provided. The range of saddle 
feeds is from 0-003 in. to 0-030 in. per revolution, 
and the machines weigh 50, 60 or 70 cwt., depending 
on the distance between centres. 

Messrs. E. H. Jones (Machine Tools), Limited, 
Edgware-road, The Hyde, London, N.W.9, to 
some of whose exhibits we referred on page 225, in 
last week’s issue of ENGINEERING, are also showing 
several automatic lathes. The No. 12 single-spindle 
automatic lathe, which is illustrated in Fig. 57, op- 
posite, is suitable for bars up to } in. in diameter. 
Tt is made by Messrs. C.V.A. Jigs, Moulds and Tools, 
Limited, Portland-road, Hove, and has been 
introduced as an addition to the No. 8 and No. 20 
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lj in., respectively. The design of these machines 
has been established for some years. The Nitralloy 
work spindle of the No. 12 machine is mounted in 
precision rollers at the front, running directly on the 
spindle, and angular-contact ball bearings at the 
back. The spindle is driven by roller chains from 
the gearbox. Power is provided by a 5-h.p. rever- 
sible motor, and four spindle-speed changes can be 
obtained automatically during the machining cycle. 
There are 188 speeds, from 64 to 5,540 r.p.m., and 
the maximum length of stock which can be fed at 
one movement is 3} in. 

Among the woodworking equipment displayed on 
the joint stand of Messrs. J. Sagar and Company, 
Limited, and Messrs. Sagar (Developments), Limited, 
Canal Works, Halifax, are various forms of saws, 
planing machines, and grinding machines, including 
& woodworkers’ universal tool and cutter grinder. 
A 16-in. “‘ Unisaw ” CH-type tool-room bandsaw, 
Which is the only exclusively metal-working machine 
made by the Sagar organisation, is also demon- 
strated. A photograph of the machine is reproduced 
in Fig. 58, on this page. The machine is provided 
With a self-contained welding set which enables saws 
to be rapidly joined by butt-welding after they have 
been cut for operating in holes. The net weight of 
the machine is 18 cwt. ; it covers a floor space about 
3 ft. 6 in. long by 3 ft. wide, and is approximately 
6 ft. 6 in. high. Its main frame is made in one 
Piece, and on one side is a hinged door to give access 
to the two 16-in. diameter saw pulleys. These are 
adjustable and interehangeable, and are dynamically 
balanced ; the top pulley is mounted on vertical 
tlides, operated by hand wheel and screw, spring- 
leaded for ioning the saw. An indicator is 
Povied for showing the coerest tension to be used 

different saw widths. The saw runs between 
hardened guide-wheels, mounted on ball bearings 
sbove and below the work-table. These wheels 
are used with hardened guide-plates of different 
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widths according to the size of the saw. The top 
wheels are carried in a vertical guide, the height 
of which can be adjusted by a handwheel operating 
a rack and pinion. 

The work-table is a box-section casting 2 ft. long 
by 1 ft. 8 in. wide, precision-ground, with its surface 
3 ft. 7 in. above the floor. It is arranged to tilt 
up to 10 deg. to the left, and up to 45 deg. to the 
right on a quadrant, the arc centre of which is 
located at the point where the saw passes through 
the table surface. The table can also cant either 
10 deg. backwards or forwards, all tilting motions 
being provided with graduated angle scales and 
clamping fixtures. The “gap piece,” a narrow 
rectangular section of the table is removable; 
it runs from the side to the centre portion of the 
table, and allows saws to be rapidly changed. 
Compressed air for blowing away metal dust, etc., 
is supplied to the work through flexible steel tubing, 
the compressor being bclt-driven by the }-h-p. 
1,000-r.p.m. electric motor used for driving the saw. 
The motor and compressor, together with the pulley 
transmission gear, are housed in the lower section 
of the frame. The motor drives through V-link belts 
and expanding V-pulleys, and thence to a two-speed 
reduction gearbox from which a shaft extends 
through the frame for mounting the lower saw 
pulley. A handwheel and screw provide adjustment 
for the expanding pulleys, and the saw speed is 
infinitely variable from 50 to 1,600 ft. per minute, 
the speed being indicated on a direct-reading tacho- 
meter in the pillar section of the machine. A unit for 
actuating the “ power ” feed is operated by a large 
coil spring, which is tensioned by a worm and worm- 
wheel motion, and operated by a handwheel on the 
front. Spring tension is transmitted to a hinge- 
mounted bar; one end of this serves as a control 
pedal, and can be locked in its lower position. The 
other end carries a pulley and from this 4 steel 





cable passes over jockey pulleys, mounted on one 
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side of the work-table, thence to an adjustable 
chain which is taken round the work, or round 
any suitable work dog or guiding piece. Pull is 
indicated on a dial scaled from zero to 100 Ib. 
The machine is also equipped with a hand screw- 
feed attachment; this consists of a screw which 
works in a block clamped to the table and bears 
on the work or work dog. Other attachments, for 
circular cutting and mitre cutting, are also supplied. 
The ing unit, to which reference has been 
made above, is flush-mounted in the pillar section 
of the framework of the machine; it is designed 
to take various widths of saw, and is also provided 
with annealing terminals, as well as an illumination 
lamp, @ grinder for dressing the finished welds, and 
a gauge to give settings for different saw thicknesses. 


(Z'o be continued.) 





LECTURES IN CONCRETE TECHNOLOGY.—By arrange- 
ment with the Reinforced Concrete Association, a 
course of instruction in concrete technology will be 
given at the Westminster Technical College during the 
forthcoming winter session. The curriculum comprises 
lectures and laboratory instruction in the properties of 
concrete and its constituent materials; the design of 
concrete mixes and the proportioning, mixing, placing, 
consolidation and curing of concrete; the principles of 
reinforcement, and the use of formwork. The syllabus 
has been drawn up primarily to meet the requirements 
of resident engineers, foremen, clerks of works, and others 
engaged on constructional work, and will include visits 
to works. The lecturer will be Mr. E. H. Collier, 
AM.LC.E. Classes will be held from 6 to 8 p.m, on 
Friday evenings commencing October 1, and the fee for 
the course will be 11. Intending students will be enrolled 
at the College from September 20 to 24. Further particu- 
lars may be obtained from the Head of the Engineering 
Department, Westminster Technical College, Vincent- 
square, London, S.W.1, or from the secretary, the 
Reinforced Concrete Association, York Mansion, 94/98, 





Petty France, London, 8.W.1. 
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United States National Bureau of Standards. Applied 
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Government Printing Office, Washington 25, D.C., 
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Factory Administration in Practice. By W. J. Hiscox 
and JAMES STIRLING. Sixth edition. Sir Isaac Pitman 
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Diesel Engine Design. By H. F. P. Purpay. Fifth 
edition. Constable and Company, Limited, 10, Orange- 
street, London, W.C.2. [Price 25s. net.] 

Caledonian Railway Centenary, 1847 to 1947. Published 
by the Stephenson Locomotive Society. Copies 
obtainable from F. H. Smith, 159, Davidson-road, 
Croydon, Surrey; and R. A. H. Weight, 198, St. 
rm as Hastings, Sussex. [Price 5s. 4¢., post 

Ferrous Materials for the Engineer. By REGINALD Fox. 
Charles Griffin and Company, Limited, 42, Drury-lane, 
London, W.C.2. [Price 12s. 6d. net.) 

Principles and Practice of Electrical Engineering. By 
ALEXANDER GRAY. Revised by PROFESSOR G. A. 
WALLACE. Sixth edition. MoGraw-Hill Book Com- 
pany, Incorporated. 330, West 42nd-street, New York 
18, U.S.A. [Price 4.50 dols.] MoGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 27s.] 

Ultra-High Fréquency Transmission and Radiation. By 
NaTHAN MARCHAND. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 4.50 dols.}] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London; W.0.2. [Price 27s. net.] 

An Introduction to Melallurgy. By PROFESSOR JOSEPH 
NEWTON. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5.50 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
33s. net.) 

100 Ubungen aus der Mechanik. By Dr. TECHN. ERWIN 
PaWELKA. Springer-Verlag, Mélkerbastei 5, Vienna 1, 


H.M. Stationery Office, Kingsway, London, W.C.2. 
(Price 3s. 6d. net.] 

London Airport. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. net.] 

Department of Scientific and Industrial Research. Forest 
Products Research. Special Report No. 7. The Elas- 
ticity of Wood and Phpwoood. By R. F. 8. HEARMON. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2s. net.] 

Department of Scientific and Industrial Research. National 
Building Studies. Technical Paper No. 1. .4 Work 
Study in Blocklaying. By W. KinnteurGH and IL. 8. 
VALLANCE. [Price 1s. 6d. net.] Bulletin No. 2. 
Painting New Plaster and Cement. By H. M. LLEWEL- 
LYN and H. J. Exprivce. [Price 1s. net.] Special 
Report No. 2. Plumbing in America. By F. L. 
Bakrow.. [Price 6d. net.] Special Report No. 3. 
Sand-Lime Bricks. By G. E. BEssEy. [Price 1s. 3d. 
ap H.M. Stationery Office, Kingsway, London, 

C.3. 

Diamond Tool Patents. No. I. Diamond Abrasive 
Wheels. Edited by P. Gropzinsxt. Industrial Distri- 
butors (Sales), Limited, 32-34, Holborn Viaduct, 
London, E.C.1. [Price 10s.] 

Gateway to the North East. Port of Tyne. An Official 
Handbook Issued under the Auspices of the Tyne Improve- 
ment Commission. Tyne Improvement Commission, 
Bewick-street, Newcastle-upon-Tyne. 

A.C. Network Analysis by Symbolic Algebra. By W. H. 
MILLER. Classifax Publications, 9, White Moss- 
avenue, Manchester, 21. [Price 4s. net.] 

Income Taz for Everyman. Second edition. By R. A. 
BUTLER. Pen-in-Hand Publishing Company, Limited, 
11, St. Michael’s-street, Oxford. [Price 3s. 6d. net.] 

The British. Electrical and Allied Industries 
Association. Technical Report No. O/T3. The 
Effects of Electrolysis upon the Strength of Reinforced 
Concrete. By Dr.G. MOLE. Offices of the Association, 
15, Savoy-street, Strand, London, W.C.2. [Price 
6s. net.) 

Drainage and Sanitation. A Practical Exposition of the 
Conditions Vital to Healthy Buildings, Their Surround- 
ings and Construction, Their Ventilation, Heating; 
Lighting, Water and Waste Services. By E. J. BLAKE: 
Ninth edition. Revised by W. R. Jenkins. B. T. 
Batsford, Limited, 15, North Audley-street, London, 
W.1, [Price 15s. net.) 

Metallurgical Methods for Combating Corrosion and 
Abrasion tn the Petroleum Industry. By B. B. Morton. 

‘The Mond Nickel Company, Limited, Grosvenor 
House, Park-lane, London, W.1, [Free to approved 
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BRITISH STANDARD 
SPECIFICATIONS. 
Tx following publications of interest 
have been issued by the British 
Copies are o 
the price quoted at the end of the 
Endless V-Belt Drives.—A new- tion, B.S. 
No. 1440-1948, covers endless V-belts having an 
included angle of 40 deg. and consisting of rubber and 
textile materials, and also V ve pulleys, used 
imarily for power transmission for industrial purposes. 
specification does not cover V-belt drives used in 
conjunction with motor vehicles and variable-speed 
drives employing with movable flanges. In 
one section of the tion, the nominal cross-seo- 
tional dimensions and the standard pitch length of the 
belts are specified and the methods of measurement are 
defined. Another section deals with the standard 
dimensions of pulleys and gives recommendations in 
— to standard pitch diameters and installation and 
up allowances. An appendix contains data on 
the recommended practice for the power application of 
V-belts. [Price 3., postage included.] 
Grey Iron Castings.—Another new specification, which 
constitutes a revision and combination of two older 
specifications, B.S. No. 321-1938, covering general 
iron castings, and B.S. No. 786-1938, concerning 
igh-duty iron has recently been issued. It 
is B.S. No. 1452, and deals with grey iron castings, 
covering the requirements of seven grades of castings, 
designated, respectively, 10, 12, 14, 17, 20, 23 and 26, 
in accordance with their tensile h on a 1-2-in. 
diameter test bar. Methods of test, the dimensions of 
test bars, and test requirements are specified, and data 
relating to the of manufacture, moulding, 
freedom from defects, the provision of test bars and 
inspection and testing facilities are furnished. Appen- 
dices contain a summary of the testing requirements, 
including tables of minimum transverse breaking loads 
and ultimate tensile stresses; the method of calcu- 
lating the transverse rupture stress; and tables of 
transverse-test conversion factors for the calculation 
of breaking loads, transverse rupture stresses and the 
deflections on test bars of standard diameter. The 
new standard renders obsolete B.S. Nos. 321, 786 and 
amendment CF (ISE) 7943-1941. [Price of B.S. No. 
1452-1948, 2s. 6d., postage included.] 





LECTURES ON FUEL-FIRED 
FURNACES AND REFRACTORIES. 


Two courses of evening lectures, the one on “ The 
Design and Operation of Fuel-Fired Furnaces and 
Boilers” and the other on “The Technology of Re- 
fractory Materials,” are to be held in the Department 
of Applied Chemistry of the Northampton Polytechnic, 
St. John-street, London, E.C.1. The course on fuel- 
fired furnaces will be held on Tuesdays, at 7 p.m., 
commencing on October 5, It will consist of 20 lectures, 
and those of Section A, on “Solid Fuels, their Pro- 
duction and Properties,” will be delivered on October 5, 
12, 19 and 26, the lecturer being Mr. R. A. Acton- 
Taylor. The lectures in Section B, on “ Liquid Fuels, 
their Production and Properties,” will be delivered by 
Mr. G. F. J. Murray, on November 2, 9 and 16. Mr. 
Acton-Taylor will again be the lecturer in Section C, 
which will deal with ‘‘ Gaseous Fuels, their Production 
and Properties.” Four lectures will be delivered in this 
section on November 23 and 30 and December 7 and 14. 
Section D will consist of six lectures, to be delivered on 
December 21 and January 11, 18, 25, and February 1 
and 8, 1949, the lecturers being Mr. R. F. Hayman 
and Mr. G. F. J. Murray. The latter will also deliver 
the last three lectures of the course, on February 15 
and 22 and March 1, 1949. These comprise Section E 
and will deal with “The Firing of Power-Station 
Boilers.” The fee for the course is 21s. 

The course of lectures on “The Techno’ of 

Materials” will be delivered by Mr. L. R. 
Barrett on Wednesday —__ at 7 p.m., commencing 
on October 6. The course of ten lectures 
and will deal with such matters as raw materials, 
their constitution and methods of identification by 
microscopic and X-ray analysis; the generation of 
high temperatures and their measurement and control ; 
mechanical and thermal properties, and thermal shock 
Tesistance of refractories ; heat transfer within refrac- 
tories, stractural heat losses, and recuperators and 


\ 
1 
: 


fee for this course is 12s, 6d. 
Admission to both courses is effected by personal 





applicants.) 


enrolment at the Polytechnic office on any week-day 
between the hours of 10 a.m. and 7 p.m. . 


PERSONAL. 


LievuT.-CoL. J. P. Hunt, T.D., managing director of 
the Hallamshire Steel and File Company, Limited 
and President of the Sheffield District Rollers’ ang 
Tilters’ Association, was elected Master of the Cutlen’ 
Company of Hallamshire on September 2. Mr. W. R. 9, 

IN was elected Senior Warden, and Mr, Gg, 
Witton Lee, Junior Warden. Mr. G. M. Fiatuer ang 
Mr. OC. E. HoLmstTrom were elected Searchers. 


Sm Rosert Smvciai, K.0.B., K.B.E.,:was appointed 
deputy President of the Federation of British Industries, 


| 21, Tothill-street, London, S.W.1, at a meeting of the 


Grand Council of the Federation, held on September 3, 


Mr. J. W. WaTKIns, D.S.O., M.C., has been appointed 
operating superintendent of the London Midland Region 
of British Railways. 


Mr. J. V. Connonty, B.E. (Sydney), A.F.R.Aes,, 
formerly Assistant Director of Aircraft Production, 
Ministry of Supply, has been appointed Professor of 
Aircraft Economics and Production at the College of 
Aeronautics. 


ENGINEER VICE-ADMIRAL SIR HAROLD A. Brown, 
G.B.E., K.C.B., has been appointed a trustee of the 
Imperial War Museum in succession to Dr..H. L. Gov, 
C.B.E., F.R.S., who has resigned. 


Mr. J. L. ApaM, C.B.E., past president of the Institute 
of Welding, 2, Buckingham Palace-gardens, London, 
S.W.1, has been elected an honorary member in recog. 
nition of his distinguished services to the Institute 
during his term of office. 


Major F. A. Pore has been appointed chairman of 
the new Northern Ireland Transport Authority which 
is to be responsible for co-ordinating road and raj 
transport. The other members of the Authority ar 
Mr. W. A. EDMENSON, Mr. R. P. C. Gorro, Sm Dupizy 
E. B. McCorKELL, Mr. S. J. MCCOUBREY, LT.-CoLongi 
VISCOUNT MASSEREENE AND FERRARD, MaJor W. G. 
Nixon, Mr. J. S. Rogers, Mr. D. WILSON SMYTH, and 
Mr. A. E. SwArN. 


Dr. A. N. ARMAN, A.C.G.I., M.I.E.E., A.M.I.Mech.E., 
formerly technical manager of the power cable factories 
of British Insulated Callender’s Cables Limited, Erith and 
Prescot, bas been appointed manager and chief engineer 
of the power cable factory of Pirelli-Generat Cable Works, 
Lireited, Eastleigh. 


Dr. F. Lioyp-Kesset has been appointed joint 
managing director of Messrs. H. Fisher (Oldham) 


‘| Limited, manufacturers of electrical domestic and 


medical appliances. The other managing director is 
Mr. H. Fisuer, founder of the firm. 


The firm of CLARKE AIRCRAFT PRODUCTS, LIMITED, 
Stenson-road, Derby, has been acquired by the BraD 
Group, 83, Boughton, Chester, and renamed BraD 
ENGINEERING LooTep. Mr. A. G. CLARK, A.M.I.P.E., 
has been appointed managing director, and Mr. L. #. 
WILLIAMS, sales director. 


Messrs. SPECIALLOID Liwirep, North Finchley, 
London, N.12, have appointed Mr. E. A. Foster-Davis, 
104, Tower-street, P.O. Box 317, Kingston, Jamaica, 
to be their representative in that island. 


Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
Luanrep, Chelmsford, Essex, are opening a new branch 
office at 48-50, Blackness-road, Dundee, on September 13. 
(Telephone: Dundee 3265.) 


MESSRS. MUSGRAVE AND OOMPANY LiTeD, 5. 
Ann’s Works, Belfast, announce that the telephone 
number of their Newcastle-upon-Tyne ‘branch is now 
Newcastle-upon-Tyne 26311. 


The LICENSING OFFICE, MINISTRY OF WORES, NORTE: 
West REGION, covering the counties of Lancashire, 
Cheshire, and part of the High Peak District of Derby- 
shire, has been removed to Virginia House, Great Ancoats- 
street, Manchester, 4. The telephone number, namely, 
Manchester Central 2191, remains unaltered. 





GENERATION OF ELEcTRICITy.—The official returns 
rendered to the Ministry of Fuel and Power show thst 
3,242 million kWh of electricity were generated by th 
stations controlled by the British Electricity Authority, 
the North of Scotland Hydro Electric Board and th 
Lochaber Power Company during July, 1948, compared 
with 2,868 million kWh in July, 1947, an increase 
374 million kWh, or 13 per cent. The total electricity 
generated during the first seven months of 1948 was 
26,587 million kWh, an increase of 2,042 million kWh, & 
8-3 per cent. over the figure for the corresponding period 


;| of last year. The coal consumption in July, 1948, was 


1,936,000 tons, an increase of 205,000 tons, or 11°8 pe 
cent. over that of July, 1947. During the first seve 
months of 1948 it was 15,975,000 tons, an increase o 
1,002,000 tons, or 6-7 per cent., on that of the correspond 
ing period in the previous yéar. 2 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The production of both steel and pig- 
iron is being well maintained at the recent high levels. 
The raw-materials position at the mills and blast-furnaces 
remains fairly satisfactory, and a small but welcome, 
reserve stock of steel scrap and iron ore is now available. 
In the normal course of events shipments of iron ore will 
continue to arrive regularly at the docks, but the collec- 
tion of heavy scrap during the coming months will become 
more difficult, which means, of course, that any stock 
accumulated at present will be all the more valuable. 
Export activity is gaining momentum, makers being 
anxious to fulfil their obligations for the current period 
before the end of the month. Occasional difficulties are 
arising with regard to import licences, but these appear 
to be due almost entirely to currency restrictions and not 
to any falling off in the general demand for steel. 
Canadian and Australian buyers have been making 
urgent requests for tonnage, and have taken up consider- 
able quantities of alloy steels and material rolled from 
old railway axles in addition to the small tonnage of mild 
steel permissible. Scottish makers and re-rollers are 
participating in the supplementary tonnages of steel bars 
and sections which have been placed for shipment in 
September and October in fulfilment of trade agreements 
with Holland, Finland, and the Argentine, such tonnages 
being in addition to ordinary quotas. 

Scottish Coal.—Good progress has been made during 
the past week in regard to the new classification for 
domestic coals. The scheme is part of the plan for a new 
price structure for all British coals. After consultation 
with the trade, the N.C.B. have now grouped Scottish 
household coals in “‘ boxes ” numbering from 1 to 6. A 
very small number have been placed in Box 1, the top 
grade. In due course the boxes will be given a price 
specification, with possible limited sub-divisions witbin 
one or two boxes to meet special cases. Whether the 
price basis will be f.o.r. at pithead, or delivered at 
merchants’ depots is under consideration. In the mean- 
time, the domestic market is well supplied with fuel, and 
stocking is abreast of the winter target programme. 
Gas coke is particularly plentiful. Coal supplies to other 
users have been on a slightly improved scale. Coke-ovens 
are still rather short, but although delivery margins are 
narrow, adequate supplies for capacity operations at the 
ovens have been forthcoming. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—While complaints of the scarcity 
of much needed commodities continue, the statistical state 
of Tees-side iron and steel industries is more satisfactory 
than was anticipated. The output of the Cleveland iron- 
stone mines is still disappointing and accumulations of 
fuel stocks for the winter are not as large as could be 
desired. Other raw materials, however, are in fairly 
good supply. The shortage of local ironstone necessi- 
tates the extensive use of foreign ores, the transport 
charges on which are very heavy. Little foundry pig iron 
is now produced on Teesside and deliveries from the 
Midlands to North East Coast consumers fall incon- 
veniently short of requirements. This has intensified the 
demand for iron scrap to an extent that cannot be met 
fully. There is now a wide disparity between the prices 
of scrap and of pig iron. Sellers are not permitted to 
charge more than 41. 10s. perton forscrap, while the fixed 
Price of ordinary foundry pig iron is 91. 16s. 9d. per ton, 
delivered Middlesbrough. Good steel scrap is less scarce 
than of late, but is still wanted in larger quantities than 
are available. 


Foundry and Basic Iron.—The shortage of ordinary 
foundry pig iron appears likely to become more acute. 
The output has been curtailed to a seriously low level and 
a@ cut in the already very limited tonnage allocations 
seems unavoidable. The basic blast-furnaces are turning 
out sufficient iron for the needs of adjgcent steel plants. 

Hematite, Low-Phosphorus and ned Iron.—East 
Coast hematite firms are able to meet the present require- 
ments of regular users, but there is little surplus produc- 
tion for stock building. Consumers of low- and medium- 
phosphorus grades of iron are receiving sufficient tonnage 
for their needs, while manufacturers of refined iron are 
able to give satisfactory attention to orders received. 

Manufactured Iron’ and Steel.—Semi-finished and 
finished iron makers have well-filled order books and 
Teport that substantial inquiries are circulating, while 
steel producers are as heavily sold as circumstances 
permit. The supply of semi-finished stcel is improving 
from both home and overseas sources. Large imports of 
material from Belgium and Luxembourg are expected 
during the closing months of the year and as much of 
these will consist of billets, sheet bars and wire rods, they 
will be of great assistance to the re-rolling industry. 
Deliveries of finished steel have been speeded up and 
consumers are expecting that their quotas for the current 
quarter will be duly met. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The demand for pig-iron is very strong, 
but it has been possible to make adequate deliveries. 
Iron and steel scrap is in fair supply which tends to 
increase. Steelmakers are operating to the full extent 
of supplies of raw materials, and in some instances are 
producing more steel, but still not sufficient to meet all 


requirements. There is a shortage of high-carbon steel ri 


sheets and bars, and the wire rods procurable are not 
sufficient to meet. the demands of the wire-drawers. 
Departments catering for railway and tramway require- 
ments, in the form of castings and forgings, wheels, axles, 
tyres and springs, are very busily employed. The 
demand for manganese cast-steel points, crossings and 
lay-outs is insistent. High-speed steels and tools are in 
great demand on home and export account, but makers 
of hand tools report a reduction in the demand from 
abroad. In other sections, foreign competition is increas- 
ing and there is greater insistence on quality and less 
delay in delivery. Manufacturers are concerned about 
rising costs of production and are apprehensive of the 
effects of the wage concession to engineers. Hot and 
cold-rolled strip are in strong demand and production 
resources are being extended. The demand for stainless 
steel sheets exceeds the supply. Wagon builders and 
repairers are busily employed, but have been able to 
clear off some arrears. 

South Yorkshire Coal Trade.—The virtual end of the 
holidays has made it possible to increase production. 
More coal has been allocated for export, and shippers 
are of opinion that recent record shipments from the 
Humber ports will be exceeded in the near future. The 
home demand for best steams is strong. Stocks at works 
are being built up with opencast qualities. Coking coal 
is moving freely to the coke-works where the make of 
bard coke is being increased. Gas coke is in good supply, 
and efforts are being made to induce householders to take 
their full winter quotas this month. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Now that the holiday period 
has ended, outputs from the South Wales mines have 
shown improvement, but there was ap acute shortage of 
supplies of all descriptions on the steam-coal market last 
week. The latest figures available show that, in the 
week ended August 28, production in South Wales was 
439,500 tons, which was about 56,000 tons more than 
in the preceding week. There were signs of an intention 
to make good some part of the production lost by the 
holidays. Prospects of an early resumption of trade with 
France have been made considerably brighter in the past 
week by the announcement that the Anglo-French 
Economic Committee had met and had reviewed the 
progress of trade and the question of payments. These 
discussions, it was reported, would lead in particular to 
increased supplies of coal to France among other things. 
Trade with France, which, for the time after the post-war 
resumptien, was held in. check only by the shortage of 
supplies, came to a stop a couple of months ago when 
difficulties arose over payments. During the past week 
rather more coal has been made available for delivery 
to Portugal and as these users are still showing con- 
siderable interest, it seems likely that trade during 
September will expand to about the same limits as in the 
pre-holiday months. The South American demand was 
active, but shipments to Spain and Italy were only on a 
quiet scale. Steady supplies were available for the coaling 
depots overseas. Home requirements are very heavy 
and already forward sales of the better sorts are sufficient 
to ensure the steady lifting of potential outputs for some 
months ahead.. The industrial demand is brisk. ‘Cokes 
and patent fuel were in demand, but were only sparingly 


‘offered. 


Swansea Stecl Sheet pn woe —The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was showing signs 


of renewed activity, as some consumers were placing 


their orders for delivery during the fourth quarter. The 
quantities purchased, however, were not substantial. 
The export market has been rather quiet of late, and the 
volume of business done disappointing, Steel sheets 
continue to have an exceptionally strong demand, and | be 
orders for early delivery are most difficult-to place. Iron 
and steel scrap is in demand and consumers are anxious 
to secure more prompt deliveries. 





THE INSTITUTION OF LOCOMOTIVE ENGINEERS.—The 
opening meeting of the 1948-49 session of the Institution 
of Locomotive Engineers will take place on Wednesday, 
September 15, at the Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, London, S.W.1, com- 
mencing at 5.30 p.m. Lieut.-Colonel H. Rudgard, 
O.B.E., Chief Officer for motive power to the Railway 
Executive, will deliver his presidential address. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUOFION ENGINEERS.— Manchester 
duate Section: Monday, September 13, 7.15 p.m., 
College of Technology, Manchester. “The Lost Wax 
Process,” by Mr. A. P. Short. Birmingham Graduate 
Section: Tuesday, September 14, 7 p.m., James Watt 
Institute, Birmingham. Film: ‘‘ Romance of Car 
borundum.” Birmingham Section : Wednesday, Septem 
ber 15, 7 p.m., James Watt Institute, Birmingham. 
“ Difficulties and Developments in Deep Drawing and 
Pressing,”’ by Dr. J. D. Jevons. North-Eastern Graduate 
Section: Friday, September 17, 6.30 p.m., Neville Hall, 
Newcastle-upon-Tyne. Chairman’s Address. 


INCORPORATED PLANT ENGINEERS.—East Lancashire 
Branch: Tuesday, September 14, 7.15 p.m., Engineers’ 
Club, Manchester. Films on “Pluto” and “‘ Through 
the Mill,” supplied by Messrs. Stewarts and Lloyds, 
Limited. Glasgow Branch: Tuesday, September 21, 
7 p.m., Engineering Centre, 351, Sauchiehall-street, 
Glasgow. ‘“ Power Transmission Problems and the Use 
of Suitable Couplings,” by Mr. C. W. Chapman. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, September 14, 
8.15 p.m., Compton Hall, Compton-road, Wimbledon, 
8.W.19. ‘“‘ Electrode Boilers,” by Mr. J. C. Edwards. 
Kent Branch: Wednesday, September 15, 7.30 p.m., 
Royal Star Hotel. Maidstone. ‘‘ Naval Electrical 
Practice,” by Mr. R. A. Graydon. 


STOKE-ON-TRENT ASSOCIATION OF ENGINEERS.— 
Saturday, September 18, 6.30 p.m., George Hotel, Burs 
lem. Presidential Address, by Mr. W. H. Deakin. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
September 21, 6 p.m., Caxton Hall, Victoria-street, 
8.W.1. “ Design and Control of Coucrete Mixes,” by 
Mr. R. C. Blyth. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Thursday, September 23, 6.30 p.m., Municipal 
College, Portsmouth. ‘‘ Mechanical Engineering Aspects 
of Naval Mining,” by Dr. E. C. Wadlow, presented by 
Mr. J. H. Hardwick. North-Western Administration 
and Production Group: Thursday, September 23, 
6.45 p.m., Engineers’ Club, Manchester. ‘“‘ Some Recent 
Developments in the Technique of Radio-Valve Manufac- 
ture,” by Messrs. J. W. Davies, H. W. B. Gardiner and 
W. H. Gomm. 








CONTRACTS. 


THE NORTH OF SCOTLAND HYDRO-ELECTRIC BOARD, 
16, Rothesay-terrace, Edinburgh, 3, announce that the 
main contract for their Glen Shira project has been 
awarded to Messrs. A. M. CARMICHAEL, LIMITED, Edin- 
burgh, the civil-engineering consultants being MESSRS. 
BaBTie, SHAW AND MorTON, Glasgow. The generating 
plant will be made by Messrs. HARLAND AND WOLFF, 
LIMITED, Scotstoun, Glasgow, for the ENGLISH ELECTRIC 
Company, LimIreD. The Glen Shira works comprise 
two dams, the larger being 130 ft. high and 2,250 ft. long. 
The smaller dam will be built in two sections, one of 
concrete 55 ft. high and 435 ft. long, the other being an 
earth bank, 40 ft. high and 650 ft. long. The water dis- 
charged fromthe main storage loch formed by the larger 
dam will pass through a power station having an installed 
capacity of 5,000 kW, to the loch formed by the smaller 
dam. The main power station, which will have an in- 
stalled capacity of 40,000 kW will be situated near 
Clachan at the head of Loch Fyne. 


Messrs. HENRY SIMON LimITED, Cheadle Heath, 
Stockport, have received a contract from the Argentine 
Government for the complete mechanical and electrical 
equipment of @ -150,000-ton grain storage and shipping 
elevator at the port of Buenos Aires.. The new elevator 
willbe able to receive grain from railway wagons at the 
rate of 2,000 tons an hour and load it in bulk into ocean- 
going ships at the rate of 3,000 tons an hour. There will 

be jberthing and loading facilities for five ships at a time. 
Means are also to be provided for receiving grain from 
‘barges and road vehicles, rt, Oe coe 
elevator will include grain-drying and cleani y 


Messrs. THE BRUSH ELECTRICAL ENGINEERING COM” 
PANY, LimtreD, Loughborough; J. aND H. MCLAREN 
Liurrep, Leeds; and MIRRLEES, BICKERTON AND DaY 
Luarep, Stockport, have negotiated further contracts 
with the Trade Delegation of the U.S.S.R. for the supply 
of Diesel engines and electrical equipment to Russia 
amounting to 3,500,0002. This, together with earlier 
orders received, brings the total to 6,500,0002. A pro- 
portion of this total is for equipment specified in the 








Anglo-Russian Trade Pact. 
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EXHIBITS AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Pages 246 and 247.) 
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250 | this catastrophe, it will be recalled, which led to 
50 | the agitation for “ Boats for all” and stimulated 
ae ahe findings of the 1912-15 Bulkheads Committee 
and of the Convention of 1913. Other committees 
sat at various times and , all of 
which did good work in preparing the ground for the 
1929 International Conference on the Safety of Life 
at Sea, which formulated a compendious code of 
Tules governing the construction of ships, 
the life-saving equipment of all ships, radio-tele- 
graphy, navigation, and the issue of safety certifi- 
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SAFETY AT SEA. 


In an era which has been marked by a greater 
profusion of international conferences than any 
previous period in the world’s history, the 1948 
International Conference on Safety of Life at Sea 
stands out as one in which the contracting parties— 
the representatives of some 30 nations—have 
exhibited a unanimity of purpose which is as gratify- 
ing as it is unusual. Almost it was as though the 
delegates, recognising that they were confronted 
with some of those “‘ great forces in Nature ”’ which 
always have been notably lacking in consideration 
for “‘ the use and cenvenience of Man,” had banded | agen 
together as men do in face of a common enemy, 
maintaining throughout their discussions something 
of that selfless spirit which seafaring men at all 
times have been wont to display towards their 
fellows in circumstances of danger and distress. 
That the sessions of the Conference lasted from 
April 23 to June 10 was due to the variety of technical 
details requiring consideration and not to any 
fundamental differences ; in fact, bearing in mind 
how numerous and diverse were the matters to be 
discussed, it is remarkable that the aga in 
hand was accom: so speedily. The agreed 
recommendations have still to be ratified by the 
various Governments concerned, but there seems 
no reason to suppose that any serious obstacles 
will arise to prevent the new rules from being put 
into force by the suggested date—January 1, 1951. 

The history of international action—or, indeed, 
of national action—to establish what it has become 
the fashion to call “‘ Codes of Practice ’” to promote 
greater safety of life at sea is still comparatively 
short, most of its modern manifestations having 
come about in the present century, and even the 
more primitive and elementary precautions going 
little farther back than the introduction of steam 
propulsion. Previously, except in the more fully 
organised navies, such precautions as are now the 
subject of regulation were left to the initiative 
of individual shipowners or shipmasters, and many 
of them were no more than ad hoc improvisations, 
devised on the spur of the moment, apart from a 
few distress signals designed rather to attract 
attention than to convey information regarding the 
nature of the particular emergency ; in this category 
come most of the arrangements for signal lights, 
displays of ‘‘ wefts,” and the firing of guns, which 
figured so often in early sailing orders. Positive 
action to enforce structural security and the 
adequacy of life-saving appliances was of much 
later date. 


Modern provisions of this latter nature, first 





French on facing pages, are embodied in the “ Final 
Act ” of the Conference, recently published by H.M. 
Stationery Office,* which also contains proposals 
for a review of the rules for preventing collisions at 
sea. It is intended that, when the new proposals 
have been ratified, the contracting nations shall 
‘denounce ” the existing Convention of 1929 and 
adopt the new Code, which is much more precise 
in various respects, and more extensive in its field 
of application than the provisions of 1929. The 
new series of Articles sets out first the general con- 
tractural relationships between the several Govern- 
ments and is followed by six chapters of detailed 
regulations of a technical character, dealing, respec- 
tively, with definitions, surveys and certificates, etc. ; 
constructional details, electrical installations, and 
fire protection and extinction ; life-saving appli- 
ances ; radiotelegraphy and radiotelephony ; safety 
of navigation ; and the carriage of grain and 
ous goods. A point of some importance, as affect- 
ing the administration of the new regulations, is 
that it is proposed to set up an Inter-Governmental 
Maritime Consultative Organisation, as a specialised 
agency of the United Nations, to carry out the 
administrative duties hitherto undertaken by the 
British Government and to provide machinery for 
discussing, and possibly amending, the require- 
ments of the Convention. The layout of the Final 
Act has been devised to facilitate ready reference, 
which, no doubt, it will do, though no special 
indications are given in the text to draw attention 
to the differences or similarities of the new regula- 
tions as compared with the old ; the proposals must 
be studied side by side with the requirements of the 
existing instrument if a comparison is desired. 
The 1948 Convention has little change to propose 
in the watertight subdivision of ships—which is not 
surprising, since the 1929 regulations were the 
result of much careful and expert deliberation and 
have proved adequate in practice ; but more atten- 
tion has been given to structural protection against 
fire and to the provision of fire-fighting equipment 
in passenger ships. This also is a natural outcome 
of the experience of the past 20 years and the 
increasing elaboration of the “‘ hotel ” accommoda- 
tion in large liners ; but it is to be noted that the 
more stringent rules for fire protection and for the 
provision of fire-e equipment are ex- 
tended to apply to all vessels of 1,000 gross tons or 
more, and not only to passenger ships. It may be 
that this extension has been influenced to some 
extent by war-time experiences, resulting from 
enemy action; though the general tendency to 
operate vessels of larger size than formerly, 
the preference for oil as fuel rather than coal, and 
the steady increase in the world’s tanker tonnage 
may have been contributory factors. Requirements 
pig: arma ane tide aplbw! cungse god nas 
in damaged condition, and the extension of existing 
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stability tests to cargo ships as well as passenger 
ships may also be a reflection of war casualties ; 
but it would seem that the inclusion of provisions 
relating to electrical installations in passenger ships 
merely seeks to regularise and to apply more widely 
the standards of good construction that are cus- 
tomary in vessels of high class. 

The regulations adopted by the Conference te 
govern the carriage of grain and dangerous goods 
are of special interest in the light of the recent 
inquiry into the loss of the Samkey, which dis- 
appeared with all hands some time after January 31 
while on a voyage from London to Cuba in ballast. 
The ballast—1,500 tons of Thames gravel, stowed 
in the *tween-decks—was presumed to have shifted 
in bad weather, causing the vessel to capsize, or, 
at least, to become unmanageable ; it was trimmed 
level, but was not secured by shifting boards. The 
rules for the carriage of grain require loose grain 
in a partly-filled compartment to be “levelled and 
topped off with bagged grain . . toa height 
of not less than 4 feet fe the top of the loose 
grain,” in addition to the provision of “a longi- 
tudinal bulkhead or shifting boards in line with the 

keel.” If, however, the grain in bulk does not 
exceed one-third of the capacity of the compart- 
ment, the longitudinal bulkhead or shifting boards 
are not required ; though, presumably, the require- 
ment regarding the bagged grain still stands. 
Possibly these rules may be extended to apply to 
gravel ballast also. 

The scales of equipment with life-saving appli- 
ances have been revised on various occasions and 
always in an upward direction—for instance, in 
the insistence on a proportion of mechanically- 
propelled lifeboats in vessels above a certain size. 
These rules, hitherto applicable only to passenger 
ships, are now to apply to cargo vessels also, of 
500 gross tons or larger; and not only this equip- 
ment, but fire appliances, lights, etc., are to be 
inspected, and a Safety Equipment Certificate 
required, at intervals of two years. Ships not 
provided with beats for all on board will probably 
be required to comply with special rules for sub- 
division into watertight compartments. An inter- 
esting development is the ban imposed by the 1948 
Convention on the familiar radial type of boat davit, 
already becoming less general, but now to suffer an 
enforced eclipse as complete as that of the still 
earlier wooden cathead type of davit; in future, 
only the luffing or gravity types of davit will be 
permitted in vessels exceeding 150 ft. in length. 
Every ship must have one or more boats fitted with 
radio apparatus, or, alternatively, portable radio 
sets must be provided for use in the boats. In other 

, the rules for the equipment and hand- 
ling of boats conform generally to those already in 
force. 

The new regulations regarding ships’ wireless 
equipment are considerably more stringent than 
the old. In future, if these rules are ratified, all 
ships of 1,600 gross tons or over must keep a con- 
tinuous wireless watch on the distress frequency, 
either by an operator on duty or by means of an 
auto-alarm device. All cargo ships between 500 
tons and 1,600 tons gross must be fitted with either 
wireless telegraphy or wireless telephony, whereas 
hitherto the lower limit of size for such compulsory 
equipment has been 1,600 tons, for seagoing ships ; 
and all ships over 1,600 tons gross will be required 
to carry direction-finding apparatus. In connection 
with distress signals, we note one detail of some 
little philological interest. In addition to the well- 
established “8.0.8.” signal in the Morse code, 
distress may be indicated by “‘ a signal sent by radio- 
telephony consisting of the spoken word ‘ Mayday ’.” 
On the facing page, the same intimation is given in 
French: “ Un signal. radiot‘léphonique consistant 
dans ‘le mot ‘ Mayday’”; a curious translation, 
in view of the circumstance that the word ‘‘ May- 
day ”—originally adopted as a distress call, we 
believe, by the pilots of cross-Channel civil transport 
aircraft on the Paris and Brussels routes—is itself 
reputed to be an Anglicised version of the French 
“‘ M’aidez!” If Continental nations apply their 
pronunciation of vowels to the English “‘ Mayday,” 
they must convert it into something like a Cockney 
‘“*M’y-d’y,” which would be a still more curious 
transition. 


THE BRITISH COUNCIL. 


Tue work of the British Council is financed by 
means of a Parliamentary grant which, for the year 
ended March 31, 1948, amounted to 3,500,0001. 
This is a net sum, and in that year the income of 
237,0007. which the Council raised from fees paid 
by students, sales of publications, profits from 
overseas theatre tours, etc., was subtracted from the 
grant. For the year 1938-39, the Council have 
been informed that the grant is to be reduced by 
10 per cent., giving a net income of 3,150,000I. 
This is still a very substantial sum, but it is clear 
that a sudden reduction in income by 350,000/. must 
seriously interfere with some items in a planned 
programme of activities. The coming reduction was 
announced to the Council in the autumn of 1947 
and, as it was clear that adjustment of operations to 
conform with the new level of income could not 
be made suddenly on March 31, 1938, various 
activities were discontinued and others modified 
during the year 1937-1938. Work has been sus- 
pended in Iceland, Switzerland, French North Africa, 
Bolivia, Ecuador and Paraguay, and some institutes 
and offices have been closed in Belgium, the Nether- 
lands, Argentina, Columbia, Chile and Peru. 

The British Council was established to help in the 
dissemination of a knowledge of Great Britain 
throughout the world, to make its cultural and 
scientific achievements more widely known and, 
it may fairly be said, to offset propaganda emanating 
from unfriendly foreign sources. The relative 
importance of the cultural and scientific achieve- 
ments of Great Britain cannot be assessed, the word 
“cultural” being used here as a convenient adjec- 
tive covering art, literature, music and sociological 
studies, and not as implying that scientific activities 
are not also cultural. Without attempting, then, 
to assign relative values to a film to be known as 
Steps of the Ballet, and a lecture on “‘ Metallurgy,”’ 
by Dr. C. H. Desch, F.R.S., it may still be said that, 
to any one interested in the scientific side of the 
Council’s work, the report for 1947-1948 is a rather 
disappointing document. In the chapter on Func- 
tional Activities, the sections dealing with Drama, 
Films, Music and Visual Arts occupy a space of 
some 33 in., and that dealing with Science one of 
17 in., science in this connection including agriculture 
and medicine. Engineering is dealt with in less 
than 12 lines. 

This disparity between the amount of attention 
given to science and to general cultural subjects 
extends to the portion of the report which deals with 
operations in overseas countries. There is no diffi- 
culty in understanding why procedure in British 
West Africa was confined to film shows, concerts, 
exhibitions and similar activities, but it would have 
been more satisfactory if the word “science” had 
appeared in the sections dealing with operations in 
Australia and, say, Chile. The Council had a 
distinguished Science Advisory Committee, sitting 
under the chairmanship of Sir Henry Dale, and an 
Engineering Panel of which Sir William Larke is 
chairman ; in spite of this, it has neither the funds 
to spare, nor the standing, to take any important 
part in the dissemination of advanced scientific 
information, but we would suggest that they might 
profitably include a larger measure of popularised 
science in their general activities. The report con- 
tains a list of lectures delivered overseas during the 
year. The total approaches 150, and medicine is 
fairly well represented, but the only lecture which 
can be said to fall within the sphere of engineering 
is that by Dr. Desch, already mentioned. The 
representation of physics was but little better; 
it was confined to a lecture on “ Atomic Energy,” 
by Professor Oliphant, and oné on “ Physics,” by 
Professor Randall. There were two lectures on 
“ Mathematics.” 


The Council published par or @ proportion of 
which deal with scientific and engineering subjects, 
and a periodical, British Science News, which is 
revised and enlarged version of the earlier and fairly 
well known Monthly Science News, while various of 
the films which they sponsor are of a popular scien- 
tific nature. In the direct engineering field, British 
Standard Specifications have been translated into a 





number of European languages. From the point of 
engineering, as a department of science and'as an 








important industry, it is probable, however, that 
the most useful work done lies in the assistance given 
to foreign students pursuing courses in this country, 
Other work in the educational field consists in the 
appointment and, in some cases, the subsidising, of 
professors and lecturers in foreign universities ; the 
report lists 43 such posts. Most of these are pro. 

fessors or lectureships in English, but they include 
professors of physics, naval architecture and aero. 

nautical engineering, and three in mathematics or 
applied mathematics. 

Assistance to students takes many forms. British 
Council scholarships, mostly post-graduate, are 
awarded on the recommendation of the Council’s 
representatives abroad. The scholarships are held 
in this country and many of the students are engin. 
eers. Much of the activity is described as “‘ welfare 
work” and it is stated that 7,600 students were 
assisted during the year. A student arriving in a 
foreign country is faced with many difficulties of a 
personal character ; some of these can be solved by 
advice, and 400 London students were met on arrival, 
The question of accommodation, difficult for any 
student at the present time, is still more difficult 
for one arriving from abroad. In London, 1,000 
were found temporary, and 209 permanent, accom. 
modation. Similar service was rendered in provincial 
towns. It isnot possible to ascertain from the report 
what proportion of the students was engaged in 
scientific or engineering work, but it is stated that 
advice and assistance were given to 103 private 
engineering students from ten foreign countries, 
and to 32 engineers and technicians, from 13 coun- 
tries, on visits to Great Britain. 

Fifty-six study courses, extending over two or 
three weeks, were arranged at various centres, and 
were attended by people from 33 countries. Most 
of these courses were concerned with the English 
language, literature or some sociological matter. 
A course on ‘ ” was held at Birmingham 
University and one on “ Shipbuilding and Marine 
Engineering ” at Belfast, Liverpool, Manchester, 
Sheffield, Newcastle-upon-Tyne, and Glasgow. The 
Council financed a number of delegates to various 
scientific conferences, but none was concerned with 
any aspect of engineering. The British Association 
figured in the list, but it is not possible to guess 
which of its many sections were attended by the 
assisted delegates. Engineering is mentioned in 
the part of the report which deals with the assistance 
rendered to groups of foreign students who visited 
this country at their own expense. These incfuded 
Norwegian engineering students, and Swedish aero- 
nautical and shipbuilding students. 

From the point of view of the gentle grumble which 
runs throughout this article, it is satisfactory to be 
able to record that, of the 599 visitors from abroad 
who came as the Council’s guests, 40 per cent. 
represented science, medicine, agriculture and 
engineering, and only 35 per cent. drama, music, the 
fine arts, libraries and museums. The section of 
this latter percentage representing libraries was, 
no doubt, to a considerable extent concerned with 
scientific matters. The library and information 
service carried on by the Council covers assistance to 
foreign scholars by supplying lists of titles of articles 
in British periodicals, the supply of specimen copies 
and micro-films, or photostats from back numbers 
of which spare copies cannot be obtained. Much 
has been done towards stimulating the exchange of 
periodicals, although the present paper shortage 
makes it impossible for British publishers to accept 
every exchange offered. Most of the exchanges in 
operation are between medical, scientific and 
technical journals. Many inquiries for specific 
information are received from foreign countries, and 

bibliographies are prepared. In cennec- 
F aparr of this type, the Science Department 
of the Council has built up a reference library and 4 
card index of information. To some countries, 
monthly lists of new books are sent to book- 
importing firms. An illustration of the fact that 
science may continue to maintain intellectual 
contacts with countries which have cut themselves 
off from broad cultural relations is furnished by the 
fact that in Hungary, Poland and Yugoslavia, in 
which it is difficult to secure attention to books on 
the humanities, “scientific and technical books are 
regularly and extensively reviewed.” 
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NOTES. 


British EXHIBITION IN COPENHAGEN. 


Tue All-British Exhibition which is to be opened 
in Copenhagen on Saturday, September 18, provides 
another example of British ability to produce first- 
class equipment even under the restrictive influences 
of controls and raw material difficulties. This 
exhibition has been sponsored by the British Import 
Union of Copenhagen and organised by them in 
co-operation with the Federation of British Indus- 
tries, and with the approval o: dis Majesty's 
Government and of the Danish Government; it 
will be formally opened by the King of Denmark in 
the presence of the Duke and Duchess of Gloucester, 
who will be accompanied by the President of the 
Board of Trade, the Rt. Hon. Harold Wilson, M.P. 
Over 1,000 British manufacturers will be represented 
at the exhibition, the primary objects of which are 
to promote the sale of British goods in Denmark 
and to attract potential buyers from the neigh- 
bouring countries of North-West Europe. Special 
features will include the visit of the depot ship 
H.M.S. Maidstone, accompanied by a flotilla of eight 
submarines, and a display by a squadron of Royal 
Air Force jet-propelled aircraft ; also‘being arranged 
are various theatrical and sporting events. It is 

ps a little unfortunate that no representative 
types of British civil aircraft will be on view. There 
is in Copenhagen itself no single building which is 
large enough for an exhibition of this nature, and it 
is therefore being housed in five centres. Of these, 
the Forum will house the machinery, chemical, 
building, hardware and engineering equipment, as 
well as a special exhibition arranged by the Gauge 
and Tool Makers Association. In the Royal Riding 
House will be shown transport equipment, such as 
motor cars, commercial vehicles, etc., and in the 
Tivoli Gardens will be displayed sea and air trans- 
port equipment, as well as the British system of tele- 
vision. Textiles and clothing will be shown in the 
Magasin du Nord, and in the Gutenberghus will be 
exhibited scientific instruments, photographic ap- 
paratus, footwear and leather goods. The five 
centres cover @ floor area of about 200,000 sq. ft., 
more than twice that covered by the similar exhibi- 
tion held in 1932. They will each remain open 
between 10 a.m. and 10 p.m. until Sunday, October 
3, the mornings up to 1 p.m. being reserved for 
trade buyers and official visitors ; the general public 
will be admitted after 1 p.m., and at any time on 
Sundays. Further details of the equipment which 
is to be displayed, etc., may be obtained from the 
Federation of British Industries, 21, Tothill-street, 
London, S.W.1. 


ExecrricaL Loap REsTRICTIONS ON COMMERCIAL 
UNDERTAKINGS. 


Twelve months ago the Government announced 
that, in order to lessen the demand on the country’s 
electric generating plant and to reduce the dis- 
abilities caused by “load shedding ” to a minimum, 
the maximum industrial loads during the winter of 
1947-48 were to be limited to two-thirds of those 
recorded during the corresponding periods of the 
previous year. Commercial and domestic loads 
were unaffected, however, except that an appeal 
was made to those concerned to exercise due 
economy. This action was necessitated, of course, 
by the shortage of generating plant ; and that the 
position has not yet improved, at any rate in 
London and south-east England, is shown by the 
announcement that, during the coming winter, com- 
mercial loads also are to be subjected to compulsory 
cuts. In detail, shops, offices, banks, theatres and 
cinemas will not be allowed to exceed a maximum 
load equal to 50 per cent. of their installed capacity 
between 4 p.m. and 6 p.m. during October, 1948, 
between 8 a.m. and 12 noon and between 4 p.m. and 
6 p.m. during November, 1948, and between 7 a.m. 
and 7 p.m. during December, 1948, and January 
and February, 1949. Failure to comply with this 
regulation will render such consumers liable to legal 
proceedings. On the other hand, the domestic 
consumer will only be obliged to make voluntary 
restrictions, and the position of the industrial con- 
sumer will be improved by allowing him to increase 
his maximum load to 90 per cent. of his peak load 


during 1946-47 between 4 p.m. and 6 p.m. in 
October, 1948, and between 8,a.m..and.12 noon 
and 4 p.m. and 6 p.m. in November, 1948, com- 
pared with 66% per cent. last’ winter. “During 


December, 1948, and: January and February, 1949, | 


his maximum load will not be allowed to exceed 
80 per cent. of his 1946-47 peak load between 7 a.m. 


and 7 p.m. It is hoped in this way to avoid a cer-. 


tain amount of nightwork. The new system will be 
operated by the London and South Eastern Regional 
Board for Industry through their electricity sub- 
committee, district advisory committees and local 
working committees, and the electricity supply 
undertakings will supply information so that these 
bodies can fix the necessary “‘ targets.”’ It is hoped 
that most commercial firms will be able to attain 
these targets by adjustments during normal hours. 
If, however, a shop is unable to do this it will be 
expected to close during normal hours and to open 
at some other time. The desired cuts can only 
be described as drastic and, although they can be 
achieved to some extent, no doubt, by reducing un- 
necessary lighting and bringing dewn other loads 
below the comfort level, a great deal of inconveni- 
ence is likely to result, especially during December. 


RavDio INTERFERENCE BY Motor VEHICLES. 

A British Standard Code of Practice, C.P. No. 
1001-1947, entitled ‘‘ Abatement of Radio Inter- 
ference caused by Motor Vehicles and Internal- 
Combustion Engines,” was published in March, 
1947, and it is gratifying to record that many users 
of motor vehicles, such as the London Transport 
Executive, the General Post Office and other Gov- 
ernment departments have taken steps to see that 
the recommendations of the Code are followed in 
connection with the vehicles under their control. 
This action is undoubtedly reducing the total 
amount of interference arising from the ignition 
systems of internal-combustion engines, but the 
committee who are responsible for the preparation 
of the Code are of opinion that there are still some 
vehicle users who may not be aware of the con- 
siderable reduction of the risk of radio interference 
which can be achieved at a relatively low cost, if 
the recommendations of the Code are followed. The 
proposed extension of the area of the television service 
of the British ing Corporation by the open- 
ing of a new station in the Birmingham district, and 
the plan to operate frequency-modulated regional 
broadcasting stations at frequencies which are 
susceptible to interference from motor vehicles, will 
undoubtedly increase the urgency and importance 
of reducing such interference. The committee are 
anxious, therefore, to ensure the widest possible 
circulation of the Code and the general adoption of 
its recommendations by operators and other users 
of motor vehicles. Copies are obtainable, price 2s., 

included, from the British Standards Insti- 
tution, 24-28, Victoria-street, London, 8.W.1. 


Domestic ELECTRICAL ACCIDENTS. 


The report of H.M. Electrical Inspector of Fac- 
tories for the year’ 1946, which was reviewed on 
page 157 of our issue of February 13, 1948, stated 
that the total number of known electrical fatalities 
occurring during that: year amounted to 147. An 
important proportion of these accidents took place 
in domestic premises with which the inspectorate of 
factories is not directly concerned. It is clear that 
the setting-up of an electrical-inspection service 
for private houses would be financially and ad- 
ministratively impossible, but the number of domes- 
tic electrical accidents, fatal and serious, is too 


great to allow.the matter merely to be ignored. | ing 


Domestic users and those responsible for domestic 
installations have had access to authoritative advice 
for many years’in the Institution of Electrical 

i " Re ions for the Electrical Equipment 
of Buildings aid other publications, but the record 
of fatal accidents shows that these are frequently 
ignored. The Secretary of State for Home Affairs 
has set up an inter-departmental committee in con- 
nection with accidents in the home and a sub- 
committee of this body has been appointed to deal 
with the electrical aspect of the subject. The sub- 
committee have now collected particulars of elec- 
trical accidents and their causes. This activity is of 





value, as in dealing with any problem a first require- 





ment is a knowledge of the relevant facts. A precis 
covering accidents from May to December, 1947, 
shows that 31 fatalities occurred. Of this total, 
nine took place in bathrooms, seven being caused by 
electric fires. It is doubtful if any aspect of 
possible danger. in the domestic electrical field has 
more frequently been stressed than that of the use 
of open, or portable, electric fires in bathrooms. 
Of the seven cases of which particulars are recorded, 
three of the deaths were caused by portable electric 
fires (in one case, an electric table cooker) actually 
falling into the bath; and four were due to the 
metal-work of a fire becoming alive owing to defec- 
tive insulation and the absence, or failure, of earth- 
ing arrangements. The other two cases were.con- 
cerned with a portable lamp and handling a switch 
with wet hands when standing in a bath. Bath- 
room accidents constituted the highest proportion 
of the total of 31; they were followed by fatalities 
due to defective wiring. It has been the practice of 
some supply authorities to inspect new or altered 
electrical installations before furnishing supplies, 
but this does not prevent householders from 
making later alterations, sometimes carrying out 
the work themselves. A possible example of this 
was furnished by a fatality to a woman stand- 
ing on the damp floor of a-washhouse owing to 
touching the connection between the house kitchen 
and a blacksmiths’ forge. The connection had been 
made with sundry lengths of twin insulated lead- 
covered cable and tough rubber-sheathed cable. 


MopErN Applications oF Liqump FUELs. 

A joint Conference on Modern Applications of 
Liquid Fuels is to be held in Birmingham on 
September 21 to 23, under the auspices of the 
Institute of Petroleum, 26, Portland-place, London, 
W.1, and the Institute of Fuel, 18, Devonshire- 
street, London, W.1. The papers to be presented 
include a survey of “The Use of Hydrocarbon Oil 
in the Manufacture of Town Gas,” by Mr. H. S. 
Cheetham, M.Inst.Gas E.; one on “ Diesel i 
and Their Fuels,” by Mr. P. N. Everett; “The 
Use of Fuel Oil in Glass Furnaces,” by Dr. W. R. 
Bulcraig, F.R.LC., and “Conversion of Glass 
Furnaces to Liquid Fuels,” by Dr. R. Pigrais; a 
review of British practice in “‘ Oil-fired Open-hearth 


Furnaces,” by Mr. T..C. Bailey ; “‘ The Use of Fuel 


Oil in the Pottery Industry,” by Mr. A. Dinsdale, 
M.Sc.; ‘The Use of Fuel Oil ‘n Furnaces for the 
Tron and Steel Fabricating Industries,” by Mr. M. 
Roddan, M.Inst.F.; ‘“‘ Carburetting Blue Water-gas 
with Heavy Fuel Oil,” by Mr. P. T. Dashiell; 
“Oil Firmg for Grain Drying, Hop Drying and 
Malting,” by Mr. W. A. Hubbard, M.Inst.Pet., and 
“Fuel Economy in Grass Drying, with particular 
reference to the Use of Liquid Fuels,” by Mr. K. H. 
Sambrook, B.Sc. Tech.; and ‘‘ Fuel Factors in 
Non-ferrous Fabrication,” by Dr. Leslie Aitchison, 
M.Sc., M.I.Mech.E. Further particulars may be 
obtained from the secretaries of the organising 
Institutes at the addresses given above. 


Sympostum.on APPLIED ELECTRONICS. 


A symposium on the. application of electronics 
to research and industry is to be held at Caxton 
Hall, London, §.W.1, on Thursday and Friday, 
November 18 and 19, by the Electronics Section of 
the Scientific Instrument Manufacturers’ Association 
of Great. Britain, Limited, 26, Russell-square, 
London, W.C.1. The subject on the first day will be 
“* Electronics in Scientific Research,” and papers will 
be read on “‘ The Measurement of Displacement by 
Electronic Methods ” ; ‘on “‘ Electronics in Comput- 
” ; on ‘‘Measurement of Ionising Radiation ”’ ; 
on “‘ High Vacuum Gauges ”; aiid on the “‘ Radio 
Sonde and its Applications.” A review of “ Fre- 
quency Measurement ” will also be given. On the 
second day the subject will be ‘Electronics in 
Industry,” the papers including “The Industrial 
Applications of Ultrasonics”; “Metal Detection 
in Industry ”; “‘ Electronic Control of Batching” ; 
** Electronics in Spectroscopy and Spectrophoto- 
metry”; “Dynamic “Recording of Mechanical 
Strains” and “Picture Telegraphy.” In addition, 
there will be a display of the latest types of British 
electronic instruments. Particulars and tickets of 
admission can be obtained from the secretary of the 
Association. ms 
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LETTERS TO THE EDITOR. 


LOCOMOTIVE POWER, EFFICIENCY 
AND RATING. 


To THE Eprror oF ENGINEERING. 

Sm,—In. Mr. Opie’s interesting letter, on page 231 
of your issue of September 3, there is an error that 
needs correcting, not so much because it has been 
made by him but because, apparently, it has been 
made by other people as well. 

The root of the error appears to be the assumption 
that, because the conventional steam locomotive 
exhausts at about 15 lb. per square inch above 
atmosphere, its steam does useful work in expanding 
all the way down to that pressure. Actually, it is 
not practicable with single expansion to work at the 
high expansion ratios that very high initial pressures 
need to justify themselves, and even if it were, the 
wide difference between initial and final tempera- 
tures would detract from the ideally possible advan- 
tage. Taking clearance volume as 10 per cent. of 
swept volume, cut-off at 20 per cent. of the stroke, 
compression at 70 per cent. of the stroke, back 
pressure 15 lb. per square inch, and assuming no 
leakage, it is found from the usual idealised indicator 
diagram that the advantage of using a boiler pressure 
of 350 Ib. per square inch over one of 180 Ib. per 
square inch is about 10 per cent. and not 29 per cent. 
as mentioned by Mr. Opie. In practice, the greater 
leakage at the higher pressure makes the possible 
advantage less than 10 per cent. (and lower boiler 
efficiency means a further loss) and that is why no 
Operating or test results have ever shown any 
appreciable advantage that could be ascribed solely 
to raising the boiler pressure of the conventional 
locomotive above about 180 Ib. per square inch. 
Yet faith still persists in the illusion (unsupported by 
theory or practice) that the desire for higher all- 
round efficiency in locomotives compels the adoption 
of higher boiler pressures. 

Mr. Opie’s suggestion that ratings should be 
determined by thorough tests of the actual locomo- 
tives is of course admirable, although it is clear 
that not everyone’s faith in preconceived ideas can 
be shaken by practical results. Mr. Opie is on firm 
ground in saying that British express locomotives 
can develop 40 drawbar horse-power per square 
foot of grate, but, of course, that is not a limit and it 
is well known (to some people) that figures up to 
25 per cent. higher have been achieved in this 
country—and not only on small grates. Mr. Opie’s 
enthusiasm about this may not be shared by every- 
one, particularly firemen, but it remains a fact. 


Yours faithfully, 
W. A. Tupio, D.Sc., M.I.Mech.E. 
390, Wakefield-road, 
Huddersfield. 
September 6, 1948. 





‘*‘SPOTLIGHT ON DERBY.” 


To THe Eprror or ENGINEERING. 

Sm,—In your review of Spotlight on Derby, on 
page 216, ante, there is a statement in the title 
which is rather misleading ; namely, that the booklet 
was “edited by W. R. Bawden, Estates and Hous- 
ing Director ” to the Corporation of Derby. Actually, 
Mr. Bawden is connected with Messrs. E. J.Burrows 
and Company, Limited, who undertook the publica- 
tion of the booklet on behalf of the Corporation. 
As is stated in the list of Corporation officials which 
appears in Spotlight on Derby, I am not only the 
Estates and Housing Director, but also the Publicity 
Officer ; in the latter capacity, I am responsible for 
the distribution of the booklet. 

I should be obliged, therefore, if you would make 
it clear that inquiries for copies should be addressed 
to me, and not to Mr. Bawden. 

Your faithfully, 
J. P. Moyrz, B.Sc., A.M.L.C.E. 


The Council House, 


Corporation-street, Derby. 
September 3, 1948. 


THE PASSING WORLD.* 
By Srr Henry Tizarp, K.C.B., F.R.S. 


SEVENTY-SIX years have passed since the British 
Association met in Brighton. Great changes have 
taken place in the world since then, and nothing better 
illustrates the truth of the old saying that the more 
things change the more they remain the same than thé 
address of the President of the section of Engineering, 
Mr. Frederick Bramwell. He discussed the coal pro- 
blem. He drew attention to the alarming increase in 
the cost of coal, which had doubled in a year. “I am 
aware,” he said, “‘ that the subject of coal is a hack- 
neyed one,” but the startling facts to which he referred 
“force us seriously to reflect upon the use and also the 
abuse of coal.” He discussed the inefficiency of 
domestic fires, but said he would rather put up with 
the whole of our t domestic discomforts, and even 
with the loss of heat, than resort to the stove as a 
remedy. ‘‘ But let not users of coal remain indifferent 
to savings on their present consumption until those 
improvements are discovered by scientific men ; on the 
contrary, let them forthwith do everything in their 
power to reduce the consumption to the extent to which 
present science and, in some instances, present practice 
show the consumption can be reduced.” 

The title of my address is taken from Dr. Johnson’s 
well-known advice to the poor scholar in ‘‘ The Vanity 
of Human Wishes ”’ : 


“* Deign on the passing world to turn thine eyes, 
And pause awhile from letters to be wise.” 


I propose to pause awhile from the fashionable dis- 
cussions of Science and the, Community, Science and 
Education, and the like, and to invite you to turn your 
eyes on the passing world. For it is passing—from one 
state of unstable equilibrium to another. I say un- 
stable, for many years will pass before the dreams of 
those who look forward to a world Government, which 
will bring not only peace but happiness to all, will come 
true. But if it must be in unstable equilibrium, let 
us at least strive to balance it so that the chance of a 
major catastrophe is made as small as possible. Science 
has much to contribute to this aim ; but just as no man 
can aim a rifle accurately without a backsight as well 
as a foresight, so must we provide ourselves with both, 
if our contribution is to worth while. The backsight 
is history; it can be fashioned accurately by study. 
The foresight can only be fashioned from our knowledge 
of the state of science as it exists to-day, and from what 
we know is ible. 

My backsight shall not be too far back. In consider- 
ing the future we shall not gain more by studying 
remote history than we gain perceptibly in accuracy by 
lengthening the barrel of a rifle. I shall sight, some- 
what arbitrarily, from the year 1885. It happens to be 
@ convenient year for me, as it was the year of my 
birth. It happens, too, that it marks almost the close 
of the stagnant period of Nineteenth Century science, 
when many men thought that “ our power to discover 
new experimental facts was practically exhausted.” 
But new men were coming on, and new ideas were 
hatching. J. J. Thomson had just been elected to the 
Cavendish Chair of Physics at the scandaloutly young 
age of 28—a thing which would not be tolerated 
nowadays. Charles Parsons had patented the steam 
turbine in 1884, ana demonstrated a model at the 
Inventions Exhibition in 1885. Gowland Hopkins had 
been appointed assistant to Sir T. Stevenson, the Home 
Office analyst, and was studying, in his spare time, the 
pigments of the wings of butterflies. Three years were 
to pass before he was able to begin his formal education 
in science as a medical student at Guy’s Hospital. 
Charles Sherrington was fighting cholera in Spain and 
investigating its causes, and Rutherford was carrying 
off all the prizes at school in New Zealand. Of these 
great men, only one is alive to-day. Sir Charles Sher- 
rington is the oldest living President of the British 
Association. We send him our respectful and affec- 
tionate greetings. 

It is understandable that none of these events, 
which in their different ways were to have a more 

d effect on history and society than any legis- 

tion, or rise or fall of governments, created any public 
interest, except perhaps the exhibition of the turbine, 
which was considered ingenious but wholly unprac- 
tical. In other respects, the events of 1885 followed 
a normal course, judged by modern standards. There 
was fighting in what we now call the Middle East, 
which ended in the massacre of British troops and of 
their leader, General Gordon. Our Russian friends 
were told that, anxious though we were to rve 
our friendship, there was a limit to patience. Bat the 
British pu soon recovered from the shock of 
Gordon’s death, and refused, so far as I can judge, to 
be seriously disturbed by the pect of war. They 
were far more exercised by hs ‘prospect of cholera 
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spreading from Spain. They had reason for their 
anxiety, for the great majority remembered the 
epidemic of 1866 when 14,000 deaths from cholera 
were recorded. On the whole, the people of England 
jogged along in a deplorable state of confidence, which 
however, was justified by events, for nearly 30 years 
of followed, broken only by minor wars which 
er perceptible effect on the growth of material 
prosperity. 

In 1885, after a few years of depression, during 
which nearly 700,000 men and women left the country 
to seek better opportunities overseas, the United 
Kingdom was still the greatest manufacturing nation 
of the world. Unemployment was sometimes high in 
particular trades, such as shipbuilding, but between 
1885 and 1914 it was never alarming, and was often as 
low as 2} per cent. of the gai ly employed. The 
United States were not then serious competitors ; 
imports of iron and steel manufactures from the United 
States only reached an annual value of 500,0001. in 
1890, but, from then on, steadily increased. Germany 
was considered a more serious competitor. In the 
pursuit of science she stood first among the nations, 
and she was applying the methods and results of 
scientific research to industry on a scale and with a 
determination that far s her rivals. At the 
meeting of the British Association in 1885, the Presi- 
dent, Playfair, sadly recorded that, in science, ‘‘ Oxford 
and Cambridge were still far behind a second-class 
German University,” and that ‘‘in Great Britain we 
have nothing comparable to the great technical college 
of Ziirich.” Germany kept her pre-eminence in applied 
science until 1914; but it is perhaps worth noting 
that she never equalled the industrial prosperity of 
England, judged by the test of real national income. 
She might have done so, had not her rulers believed 
that by war they could find a short cut to the happiness 
and wealth that could have come in the natural course 
of events to a hardworking and highly educated people, 
anxious to live in peace with the world. The terrible 
fate of Germany is a tragedy that affects us all, the 
last act of which, perhaps, we have not yet witnessed. 

Many of the numerous comforts and luxuries which 
are now within the reach of every diligent working man 
in England are the result of invention or scientific 
discovery in or about the year 1885. I have already 
mentioned the steam turbine, which, by making 
possible the generation of electricity on a large scale, 
provided in the most convenient form the power on 
which industrial productivity so largely depends. 
Kelvin lit his house with electricity in 1881, and the 
telephone was invented in 1876; but they were both 
scientific curiosities in 1885. The modern “ safety” 
bicycle first appeared upon the roads in 1885; it was 
the Po eae of J reliable chain that made it 
practical. The first op pneumatic tyre a’ red 
in 1888; but the idea x not then at pom 
Edison, in 1885, was in the full tide of his inventive 
genius. The first ing machine had been demon- 
strated in 1877, and in 1885 he was busy experimenting 
with motion pictures. Swan, whose share in the 
production of the carbon lamp is well known, invented 
a ne process for the manufacture of artificial 
silk in 1883. The typewriter in its early form was 
then quite old; but difficulties in manufacture pre- 
vented it from becoming available in quantity until 
towards the end of the century. The internal-combus- 
tion engine which, in and war, has had a greater 
influence on society than any invention since that of 
printing, was develo from Otto’s experiments in 
1877. The intrepid Daimler drove a bicycle powered 
by an internal-combustion engine of his own design 
in 1885, and the first motor cars were sold to the 
public. In the field of applied chemistry, one far- 
reaching development to recall is the electrolytic pro- 
duction of aluminium in 1885. Aluminium was then a 
rare metal, costing 18/. a pound. It now costs 10d. a 


pound. 

Thus, although the science of physics was languishing 
until the discovery of the electron, X-rays and radio- 
activity in the closing years of the century, it was a 
time of enterprise and progress in engineering practice. 
The country prospered. In 1897, the year of the 
spectacular triumph of the Turbinia at Spithead, we 

rted goods to the value of one-quarter of every- 
thing we produced. Ten years later, we shipped 
overseas nearly one-third of the whole national output 
of goods of all sorte. If we were doing so to-day, we 
should have little cause for anxiety. Perhaps it was 
this very prosperity that caused us to fall behind in 
some branches of industry, for when there is little 
unemployment and when the standard of living is 
obviously rising in all sections of the community, there 
is an excusable renieney Sor manufacturers to go on 
doing what they know they can do successfully, rather 
than to launch out in new directions. Is not this, 
rather than the neglect of science, the chief reason 
for the fact that synthetic dyes and fine chemicals 
een inbaethitends ts Quithenp; tather than in their 
original home of England ? 

Whatever the anawer to this queation, the fact 
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remains that, when war started in 1914, we found} coal was hewed by hand. Research on building has | cerned with ite condnuet ; but for much of my working 
ourselves dependent on our enemies for many essential | been intensively pursued since the De ent of | life I have been int concerned with that peculiar 


products and instruments on which our power to make 
war, and to maintain health, depended. But, to 
everyone's surprise, we also found that the reserve of 
scientific ability in the country, though not large, was 
high en in quality to overcome the immediate 
dangers with remarka . We had the same 
experience in the late war, although, fortunately, we 
also had the foresight to prepare for some of the worst 
dangers beforehand. There is a clear lesson, I feel, 
to be drawn from this experience. Whatever may be 
done, in @ burst of public enthusiasm, to support and 
promote #¢ of research at universities, nothing 
should be allowed to lower the quality; and size, 
beyond @ certain point, undeniably does. A research 
laboratory, of whatever nature, is like a living cell. 
Once it reaches a certain size, which may differ with 
the nature of the-subject, it must divide or die. When 
a young graduate tells me, as one did recently, that 
he was going to do research because it got him off 
military training, it makes me wonder whether we are 
not already over-populating the research departments 
of universities. 

The shock caused by the exposure in 1914 of our 
industrial shortcomings led to a great increase of 
research aoa by the Government. 
National ysical boratory, which had been of 
inestimable value during the war, extended the scope 
of its work. The Department of Scientific and Indus- 
trial Research, which was founded in 1915, established 
other Government research laboratories, and encour- 
aged the formation of research associations to serve the 
needs of the older scattered industries. University 
schools of science were greatly enlarged, and, under the 
influence of the great men of the inter-war J wee 
there was a surge of discovery which put Great Britain 
in the van of progress in nearly all branches of science. 
We became a scientific nation. The newer industries, 
such as the viscose and radio industries, which had 
been founded on science, rapidly developed. The 
chemical industries took on a new and active lease of 
life. Germany, badly disorganised by defeat, ceased 
for many years to be a serious competitor in the 
world market. 

Many of us must have felt confident that, when 
leadership in scientific and industrial research was 
allied to experience in commerce and manufacture, and 
to skill in ip, our country would have 
little difficulty in maintaining its position among the 
nations of the world. We have been disappointed. 
I am referring now not to the acute difficulties of the 
present day, to the general trend of events before 
and after the first world war, when, in spite of a nearly 
continuous advance in national income and standard 


much less than many other for, owing to the 
great fall of prices of food and raw material, the terms 
of trade moved in our favour. From 1930 to 


1938, the volume of exports necessary to purchase a 
given volume of imports was only two-thirds of what 
it had been from 1885 to 1914. To what, then, shall we 
attribute the relative decline ? Shall we argue that a 
main cause was that research was on too small a scale, 
or shall we seek for other reasons ? 

Let us first be clear about what results we expect to 
come from the application of science to industry. The 
primary object of industrial research is severely prac- 
tical. Itis not to enlarge the boundaries of kn 
or to publish scientific papers, although that may be a 
prerequisite or a consequence. The object is to do 
something that has never been done before, or to do 
things better than they have been done before; and 
it has, or should have, the special object of reducing 
the labour required to supply the material needs and 
wants of men. The rate of social reform is set by the 
rate at which uctivity increases ; and social unrest 
is inevitable if reform lags too far behind the advance 
of technology, or is pressed too thoughtlessly before it. 
So we must judge the effect of industrial research 
not merely by the new comforts and luxuries that it 
produces, but also by the rate of improvement of 
existing processes. In our country, which depends 
more than any other on international trade, and which 
can continue to maintain its present population only 
by exchanging manufactured articles for food and raw 
materials, the productivity of labour is of primary 
importance, for, unless it is as high as, or higher than, 
in other manufacturing countries, we shall not be able 
to compete in the markets of the world; and the pro- 
ductivity of labour in our country is far lower than it 
could be if the results of past research were more 
resolutely and continuously applied. 

We find this particularly in certain industries of 
great importance. In the coal industry, the results are 
painfully obvious—the coal raised per man employed 
is now lower than it was 30 years ago, when nearly all 


Scientific and Industrial Research was founded ; but 
are better houses now being built with less labour than 


20 years ago? I doubt it; if not, the research has | profi 


had as yet little influence on practice. The Shirle 
Research Institute for the Cotton Industry is 
known for the range and excellence of its work; but 
uctivity in the cotton textile trades is lower than 

it was 15 years ago and much lower than in some other 
countries. Taking British industry as a whole, pro- 
ductivity is far lower than in the United States. In 
both countries about 40 per cent. of the population is 
gainfully employed. In the United Kingdom, the pro- 
portion engaged in manufacturing, ama 4 and civil 
engineering, which covers the production of all capital 
and consumer goods (other than minerals or food) is 
now a little under 18 per cent. of the population. In 
the United States, the corresponding figure is 12 per 
cent.; and yet, in proportion to the population, the 
volume of production is far higher than in the United 
Kingdom. 

The causes of the relative productivity and wealth 
of nations are, of course, many and complex. We 
— our supremacy in the Nineteenth Century 


use we € in engineering genius and were 


The | the first to use mechanical power on the large scale for 


manufacture and transport. Our population grew 
rapidly because we were prosperous, and it paid us to 
become a food-importing nation because the produc- 
tivity of labour in the secondary industries was so much 
higher than in agriculture. But conditions have 
changed in the course of time. We must expect that, 
given approximately equal skill in tec , other 
nations with greater natural advantages surpass 
us. Only by maintaining leadership in the application 
of science can we hope to keep our positien among the 
t nations. So it is not surprising that the United 
tes, and Canada, for example, with their great 
natural resources and abundant ly of cheap 
power, should have passed us in wealth and produc- 
tivity before the recent war. It would have been 
surprising if they had not. But it is by no means so 
easy to explain why Switzerland, which in 1885 pos- 
sessed a national income per head about two-thirds of 
that of the United Kingdom, should have equalled us 
in prosperity by 1939; or why the industrial produc- 
tivity of Sweden, a country that has no coal, should have 
been rising so much more rapidly than ours in the years 
between the wars. These two countries cannot be said 
to possess natural resources superior to ours; nor can 
it be argued that, in the quality or quantity of scientific 
and industrial research, they excel us. I suggest that 
, in common with the United States, possess a 
average standard of technology than we do, 
and have a much of men of high 
scientific education in control of industry. 
eaeea ines Dp eaggers a why iy Ses Sts tit the 
expansion of research in this country that is 
of first importance for the restoration of its industrial 
‘health, and certainly not the expansion of Government 
research remote from the everyday problems of indus- 
try. What is of first importance is to apply what is 
already known. 
The fact is that all really new developments of 
industry are the product of the work of very few men. In 
eral, knowledge in the physical sciences now accumu- 
tes at a rate much faster than it is, or possibly than it 
can be, applied in industry. There is a vast amount of 
knowledge waiting to be used. No new discovery, in 
any field, is likely to have so quick and beneficial an 
effect on British industry as the application of what is 
already known. We hear, for example, of the possi- 
bility of the production of power from atomic sources 
of energy. I do not think that anyone will be rash 
enough to prophesy what discoveries of real industrial 
importance will result from the researches now in 
progress ; but I shall certainly assert that the produc- 
tion of power from uranium cannot bring such economic 
benefits to this country within 20 years as would the 
practical application of known methods of economising 
coal. Mr. Bramwell’s advice in 1872 is still sound, and 
is always likely to be. 
Even in those fields of industry where science and 
development have been most in step, we find scientific 
owledge far ahead of practice. In aeronautics, for 
example, research has shown, without any shadow of 
doubt, that it should yb goms to design aircraft far 
more economical in consumption than present 
aircraft. For the next step we need bold and highly 
skilled engineering rather than more fundamental 
knowledge : if it is successful, air transport, instead of 
existing precariously on subsidies, will compete on level 
terms with the train and ship for long distance passenger 
travel. Indeed, a revolution in transport is in sight. 
Shall we leave it to be encompassed by other nations, 
or shall we show the way? The answer depends on 
whether we shall encourage enterprise and adventure in 


engineering. 
Altho I have been interested in the problems of 





industry for many years, I have never been closely con- 


business called war, which is as old as agriculture, and 
in which the incentive to succeed is greater than any 

t or ideological incentive in civilian life. There 
is a healthy human rivalry between the various units 
and companies into which the business is divided. 
Sometimes it may be thought that this rivalry is carried 
too far; Soh allan tnveditinng Aor hen anane-ahabe, In 
my own lifetime I have seen this business change from 
one in which the practical man consiaered he had little 
to learn from scientists, into one in which scientists are 
concerned with its every aspect, from er ecm 
to the actual conduct of operations. We shall all hope 
that this business is moribund, and shall do our best to 
kill it; but, meanwhile, it is possible that other old 
industries have much to learn by studying the principles 
of its successful conduct. 

In the first place, let us note that the ing direc- 
tors, the chiefs of staff and commanders, are care- 
fully-selected highly-trained professional men, who have 
gained their experience in a hard school and who, at 
intervals in their career, have had the opportunity to 
study, at staff colleges and elsewhere, the fundamentals 
of their trade. The managing directors do not have the 
final responsibility for policy, but have a great influence 
on the decisions. Secondly, the technical efficiency of 
the business is entrusted to a body of engineers and 
technologists who have had an advanced specialised 
education and rience, and who are in personal 
contact at all levels with scientists who are concerned 
with research and development. This secures that in 
all research, however recondite, there is a practical 
objective, and that there is also a continuous urge to 
improve in detail. The scientists is primarily respon- 
sible for research, but experienced engineers take part 
in it. The engineer and the scientists are jointly 
responsible for development ; but there is no part in 
the whole process, from research to production and use, 
that is neglected, and none in which scientific thought 
and influence is wholly absent. One point of special 
interest is that far more attention (but, perhaps, still 
not enough) is given to the study of man in relation to 
the machines he has to operate than in any branch in 
industry. 

It does not need any profound research to show that 
the British industries that are now standing up best 
to the strain of adverse circumstances are those that 
most nearly approach the system I have described. 
The chemical industries, for example, have gradually 
developed a similar organisation over the last 30 years. 
Neither research nor development has been neglected, 
and management is in the hands of men highly educated 
in pure and applied science. The result is that our 
chemical industries are a source of great and growing 
strength in peace and war. Forty years ago, they were 
far inferior to the German industries; now they have 
little to fear from any competitors. In the steel indus- 
try, it is not uncommon to management and direc- 
tion entrusted to men of the highest reputation in 
science and technology. Turn your eyes on any indus- 
try in the world that is similarly organised, on the steel 
industry of Australia, for example, or the photographic 
inaustry of the United States, or the machine-tool 
industry of Switzerland, and you will find that they are 
the best able to weather the storms and take advantage 
of the fair winds of trade. And I shall ask you to note 
that in such industries human troubles, if not entirely 
absent, are inconspicuous. This, I think, is to be 
expected, for most men are happiest and do their best 
work when new things are being attempted, and when 
adventure of some kind relieves the monotony of a 


daily routine. 
(To be continued.) 





THE RIVER CREED HyYyDRO-ELECTRIC SCHEME.—The 
North of Scotland Hydro-Electric Board have decided to 
accept the recommendation of their Fisheries Advisory 
Committee that the River Creed hydro-electric project 
in the Island of Lewis should be abandoned. Instead, 
the Diesel plant in the Stornoway generating station is 
to be extended to provide the electrical requirements 
of the area. 





THE PUBLICATION OF INFORMATION ON ATOMIC 
ENERGY.—At theend of the war, it was decided by Great 
Britain, Canada and the United States that a common 
policy on the release of scientific and technical informa- 
tion regarding the development ef atomic energy should 
be adopted. Asa result, a uniform Declassification Guide 
was published and this was subsequently revised at a 
conference, which was held in Washington in November, 
1947. A further meeting has been held this week at 
Harwell, Berkshire, to review the Guide in the light of 
technical developments during the last ten months, it 
being considered to be in the mutual interest of the 
three Governments that the boundary between in- 
formation that can be released without endangering 
national security and that which must remain restricted 








in circulation should be examined periodically. 
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FLYING DISPLAY OF BRITISH 
AIRCRAFT. 


Tue Annual Flying Display and Static Exhibition 
organised by the Society of British Aircraft Construc- 
tors opened at Farnborough Aerodrome on Tuesday, 
September 7, and will remain open until the evening 
of Sunday, September 12. The Society of British 
Aircraft Constructors was formed during 1916 in order 
to bring together the companies then working on 
equipment for the first World War and this exhibition 
is the ninth that they have organised, the first having 
been held at Hendon in June, 1932. The exhibition 
is primarily a trade show and, in accordance with 
usual custom, the first four days were set aside 
for the Society’s guests, who were welcomed on 
the first day by Sir Roy Dobson, C.B.E. Generally 
speaking, the arrangements have followed those for 
last year’s show, flying displays having been given 
during the afternoon of the first three days, while to-uay 
all aircraft are grounded so as to give technicians of the 
aircraft industries of the world ample time to carry 
out an inspection. This year, however, the exhibition 
will be open to-morrow, September 11, and on Sunday, 
September 12, so that the public can be admitted for 
the first time, an innovation rendered possible by chang- 
ing the venue to Farnborough. Flying displays will be 
given during the afternoons of both public days, but the 
morning of Sunday, September 12, has been set 
— for the Royal Aircraft Establishment staff and 

iends. 

Perhaps the outstanding feature of the show is 
the number of new aircraft exhibited, several of 
which are powered either by turbo-jet engines or gas- 
turbine propeller engines, military and civil machines 
being included in both classes. A good example of 
the former class of aircraft is furnished by the N7/46 

hter illustrated in Figs. 1 and 2, on this page. The 

/46 is manufactured by Messrs. Hawker Aircraft 
Limited, Sutton-lane, Langley, Buckinghamshire, and 
has been developed for the Royal Navy ; it is still on 
the restricted list, however, so it will only be possible 
to give brief details. It is a mid-wing jet-propelled 
monoplane of exceptionally clean design, the only 
excrescence on the fuselage being the transparent hood 
over the cockpit. It is fitted with a single Rolls-Royce 
Nene turbo-jet engine, which develops a thrust in 
the neighbourhood of 5,000 lb. The engine is installed 
in the fuselage and the air intakes are situated at the 
wing roots, while a bifurcated exhaust trunk enables 
the exhaust gases to be Jischarged at corresponding 
positions in the trailing edges of the wings instead 
of from a single central exhaust trunk in the tail of the 
machine. One of the exhaust outlets can be seen in 
Fig. 1, and the air intakes can be seen in Fig.2. This 
ign allows more room for the storage of fuel in the 
and, as a consequence, provides greater range, 
thus ove’ to a certain extent the major dis- 
advantage of jet-propelled fighter aircraft. The N7/46 
has a span of 36 ft. 6in. and a length of 38 ft. 4 in., the 
tail- plane, as will be seen from the illustrations, being 
situated high up on the fin in order to clear the exhaust 
— A tricycle-type retractable undercarriage is 
tted, the exceptionally wide track of which gives good 
stability when the machine is moving along the ground. 
The aeroplane has been designed primarily as a carrier- 
borne fighter and is provided, therefore, with folding 
wings and deck-landing gear. Although performance 
figures and the range have not been divulged, it may be 
stated that the maximum speed is well in excess of 
600 miles an hour. 

A new single-jet fighter of a somewhat different 
layout was catalogued as being shown by the Gloster 
Aircraft Company Limited, Hucclecote, Gloucestershire, 
although it had not arrived on the airfield at the time 
of our visit. This aircraft, which is known as the E1/44, 
is illustrated in Fig. 3, on this page; as in the case 
of the N7/46, it is still on the restricted list, so it 
will only be ible to give brief details. It is a mid- 
wing monoplane having a span of 36 ft., a length of 
38 ft. and a height of 11 ft.8in. A tricyle-type retract- 
able undercarriage is fitted, the track of which is 
17 ft.4in. Like the N7/46, the E1/44 is powered 
by a single Rolls-Royce Nene turbo-jet engine, 
which is installed inside the fuselage behind the pilot’s 
cockpit. The airintakes are situated at the wing roots, 
but, instead of employing a bifurcated exhaust trank, 
the gases are expelled through a single jet located in 
the tail of the fuselage, an arrangement which permits 
the tail plane to be placed in the orthodox position. 
All-metal construction is employed throughout, the 
fuselage being built up from four main units. The 
wings are of particular interest in that high-tensile 
steel is employed in the construction of the main spar.* 

New turbo-jet machines, however, were not confined 
to the military field; two jet-propelled transport 
machines are being exhibited, namely, the Nene-Viking 








* As we go to press, information has been received 
that the Gloster E 1/44 will not be shown at the 
Farnborough Exhibition.—Ep., E. 
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Fies. 1 anp 2. N 7/46 Ficurer Armorarr; Messrs. Hawker Arorarr LimirEp. 














Fic. 3. E 1/44 Fichter Amcrarr; Mzssrs. Grosrer Arrorarr Company Limrrep. 


and the Avro Tudor VIII. The Nene-Viking is the 
machine which recently broke the London to Paris 
record, accomplishing the outward journey in 34 minutes 
and the return journey in 36} minutes; an account 
of the flight will be found on page 111, ante. The 
machine was manufactured by Messrs. Vickers-Arm- 
strongs Limited (Aircraft Section), Weybridge, Surrey, 
and, as ite name implies, is fitted with two Rolls-Royce 
Mark I Nene turbo-jet engines. It is illustrated in 
Fig. 4, on the opposite page, and is believed to be the 
first pure-jet transport machine in the world to fly. 
It is an experimental aircraft, having been designed for 
research into such problems as noise characteristics, 
high-frequency vibration, climb, ceiling, take-off, 
baulked landings and general performance. Basically, 
the aircraft is a modified Viking Mark IB machine of 
the type used regularly on operational service. Rela- 
tively little alteration to the basic type was found 
necessary, the fuselage, inner and outer main planes 
and the tail unit remaining virtually unaltered. The 
skin gauge of the main and tail planes, however, has 
been increased and metal-covered elevators have been 
fitted. The engine nacelles are mounted below the 
wing surface, thus obviating any need to lift the 
tail plane above the line of discharge from the jets. 
The two engines, together with their auxiliaries, are 
installed at the forward ends of their respective i 

Each engine mounting comprises three pairs of V-tubes, 
which are attached by quick-release pins and bushes 
to the leading-edge member and the undercarriage 
suspension frames. The nacelle fairing is of light 
alloy and is bolted to the underside of the leading- 
and trailing-edge members of the inner main plane, 
as well as to intermediate points of the wing structure. 








The nacelles form streamlined fairings for the engines 
and jet pipes, and carry the hinged doors which enclose 
the undercarriage units when retracted. They are 
ventilated by forward-facing air scoops, the exhaust 
air being expelled through an annular gap between the 
tail pipe and the rear fairing. 

Particular care has been taken in the design of the 
cowling to ensure access to the engine and accessories. 
The nose ring, which forms the air intake, carries a 
central fairing which encloses the gearbox, while the 
remainder of the cowling consists of two four-piece 
wrapper cowls, hinged along the top and bottom centre 
lines of the nacelles. Each jet-tail pipe is connected to 
the engine through a large expansion joint and is 
suspended from the main spar booms by a flanged 
plate, further support being provided by links sus- 
pended from a beam in the vicinity of the trailing edge. 

In comparison with those required for piston engines, 
the controls are exceptionally simple, comprising only 
two main controls, namely, throttle and high-pressure 
shut-off cock. The throttle control operates the throttle 
valve, regulating the flow of fuel to the burners, while 
the shut-off cock, which is controlled by a switch, 
stops the engine by cutting off the fuel supply to the 
burners. The shut-off cocks are so designed that, when 
they are closed, the fuel in the burners and manifolds 
drains back into the low-pressure filter. The controls 
are operated by the existing levers on the control 
pedestal, movement of the levers being transmitted 
to the engines through a system of rods and levers 
which pass through the structure. 

A total of 734 gallons of fuel is carried in two pairs 
of flexible-bag type tanks installed in the outer main 
planes. An electrically-operated centrifugal booster 
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“ Viscount’’ Am Luvern; Mrssrs. VicKERS-ARMSTRONGS LIMITED. 
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pump is installed in each tank; these deliver fuel at a; 


pressure of from 10 1b. to 12 lb. per square inch through 
shut-off cocks and low-pressure filters to the engine- 
driven pumps. In order to permit removal of a pump 
without draining the relevant tank, an isolating valve 
is fitted at each booster pump. The fuel is supplied 
to the engine by twin multi-plunger pumps fitted to 
the wheelcase at the front of each engine, the output 
from the pumps being controlled barometrically as 
well as by the rotation: os of the pumps. 

Although the tail-wheel unit is the same as that 
wed in the standard Viking, the main undercarri 
units in the nacelles have been redesigned completely 
80 as to accommodate the jet pipe and the lowered 
nacelle. Each unit comprises two oleo-pneumatic 
shock-absorber legs, each of which carries a landing 
wheel on a stub axle, the wheels being prevented from 
turning on their ram axes by articulating links which 
Permit movement in the vertical plane only. Each 
unit is raised and lowered by a double-acting hydraulic 
jack; when retracted, the wheels take up a position 
on each side of the jet pipe. 

Full standard accommodation for 24 passengers can 
be installed within the fuselage, but at present the 
saloon is fitted with test equipment and water-ballast 
tanks ; the ballast can be jettisoned if necessary. Com- 
pared with a standard Viking, the aircraft possesses 
several remarkable features, outstanding among which is 
the large reserve of power which enables the machine to 
be flown at maximum continuous cruising speed on one 
engine. Furthermore, a drag analysis shows a saving of 
15 per cent. in the profile drag. The handling character- 











6. 


istics have been re 


of 10,000 ft. is three minutes. The cruising speed 
down, 80 knots. 


Messrs. Vickers-Armstrongs Limited, were also show- 
ing the Viscount, the first civil transport machine to 
ny pe engines. 

igs. 5 and 6, on this page, 
from which it will be seen that it is a low-wing mono- 
plane with a tricycle undercarriage. It has been designed 
as a medium-sized civil transport for carrying up to 
32 passengers at high altitudes in an air-conditioned 
pressurised cabin over still-air ranges up to 1,500 
nautical miles, the actual range, of course, depending 
on the number of passengers carried. The aircraft 
illustrated is fitted with four Rolls-Royce Dart 
propeller-turbine engines, but provision is made for the 
alternative installation of Napier Naiad or Armstrong- 


be powered exclusively by 
The Viscount is illustrated in 


Siddeley Mamba engines. 


The Viscount is of all-metal stressed-skin construc- 
tion. The fuselage is constructed from light alloy and 
comprises open-type frames and stringers to which the 
plating is secured. The main plane is built up from 
light-alloy stressed skin which is attached to a built-up 
I-section main spar and to leading- and trailing-edge 
members and ribs, the whole forming a torsion box. 


rted as satisfactory, while take-off 
and initial rate of climb follow the pattern for jet aircraft 
generally. The maximum speed, of course, is restricted 
by considerations of frame strength, but at 10,000 ft. 
the machine can travel at 355 knots. The service 
ceiling on both engines is 44,000 ft. and on one engine 
30,000 ft., while the time taken to ascend to an altitude 
at 
10,000 ft. is 342 knots and the landing speed, at touch- 


Electrically-operated double-slotted trailing-edge flaps 
ate used and these extend from the wing root to the 
inboard end of the ailerons. The tail plane and fin 
are of similar cosstruction, the metal elevators and 
rudder being fitted with trimming tabs. The tricycle 
undercarriage comprises two twin-wheel main units, 
which retract forward into the inboard nacelles, and a 
steerable castoring twin nose-wheel unit which folds 
forward into a space in the fuselage nose below the 
flight deck. All units are enclosed completely by auto- 
matically-operated doors when retracted, and positive 
locking, interconnected with visual and audible warn- 
ing systems, is provided for both up and down positions. 
Each of the four Rolls-Royce Dart engines drives 
a Rotol constant-speed fully-feathering propeller, the 
engines being arranged as self-contained units to 
facilitate installation and removal. Each engine is 
enclosed completely by folding panels which hinge 
upward and downward for access to the engine com- 
ponents. Each installation is divided into three bays 
by fireproof bulkheads, the engine bulkhead being 
situated immediately behind the compressor casing 
and the airframe bulkhead at the rear of the engine. 
The annular air intake at the front of each engine is 
divided so as to provide air for the oil cooler and front 
engine bay in addition to the compressor, the air for 
cooling the combustion bay and the generators being 
provided by scoops in the bulkheads and cowling. The 
fuel is carried in two groups of five crash-proof flexible. 
bag tanks, one group being located in each main plane ; 
the maximum fuel capacity is 1,200 gallons. 

Thermal de-icing for the main planes, tail planes and 
fin is provided by a mixture of exhaust gases and air 
which is led through ducts immediately inside the 
skin of the leading edges of these components. The 
inboard engines supply the inner planes, tail planes and 
fin, while the outboard engines supply the outer main 
planes ; but, should any one engine fail, the whole supply 
from the operative engine on that side is switched to 
the main plane, with a corresponding reduction to the 
tail. Three constant-delivery super-chargers, one 
driven by the inner port engine and the others by the 
two starboard engines, supply air under pressure to 
the interior of the The internal temperature 
is controlled by a thermostat which operates a number 
of valves through an electric actuator, constant tem- 
perature being maintained by passing the air through 
a series of heating, cooling and refrigerating unite. 
The capacity of the superchargers is such that any one 
is capable of maintaining conditions equivalent to an 
altitude of 8,000 ft. up to an actual altitude of 30,000 ft. 

The passenger saloon is divided into two separate 
saloons by the stewards’ pantry, the front saloon 
accommodating 12 passengers and the rear saloon 
20 passengers. The seats are arranged in rows of four, 
two each side of a central gangway, lifebelt stowage 
being fitted in the front of each seat.. The large 
elliptical windews are designed for use as emergency 
exits, there being one window at each side of the seat 
rows. Toilet compartments and adjacent cloak rooms 
are situated at the forward and after ends of the front 
and rear saloons, respectively. The stewards’ pantry 
is divided into port and starboard sections by the gang- 
way connecting the front and rear saloons, the sink, 
heater, etc., being situated in the starboard section, 
while the port section provides storage space for the 
food. The pantry is provisioned through a hatch in 
the floor leading to a further hatch in the fuselage skin, 
a power-driven servicing lift being provided. 

The Viscount has a span of 88 ft. 11 in., a length of 
74 ft. 6 in., and a height of 26 ft. 9 in. The wheel 
track is 21 ft. 1 in. while the wheelbase is 21 ft. 5 in. 
The maximum take-off weight is 41,000 lb., which gives 
a wing loading of 46-30 1b. per square foot. - Naturally, 
the pay load varies with the range but, assuming a still- 
air range of 700 nautical miles, the maximum load ‘is 
7,500 Ib., this figure falling to 4,310 Ib. for a still-air 
range of 1,200 nautical miles. The maximum still-air 
range is 1,500 nautical miles. The machine has an 
exceptionally short take-off run, the distance required 
to clear a 50-ft. obstacle at an all-up weight of 41,000 Ib. 
being 1,100 yards, the landing distance being the same 
at an all-up weight of 39,000 lb. The maximum speed 
is 288 knots at 20,000 ft. and the cruising speed 240 
knots, both figures applying to still-air conditions. 
The time taken to climb to an altitude of 20,000 ft. 
at 41,000 Ib. is 18 minutes, while the service ceiling on 
all four engines is 30,000 ft.,' this figure falling to 
21,500 ft. on three engines. The landing speed at 
touch-down is 78 knots. ' 

(To be continued.) 





LAHTI BROADCASTING STATION.—Since it was installed 
in 1943 by Marconi’s Wireless Telegraph Company, 
Limited, Chelmsford, the 150-kW broadcasting station 
at Lahti, in Finland, has been in operation for 21,000 
programme hours, during which only 31 hours, or less 
than 0-15 per cent., have been lost owing to technical 
troubles. One of the transmitting valves has been in 
service for 34,000 hours. 
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ANNUALS AND REFERENCE BOOKS. 


Lloyd's Register of Shipping, 1948-49.—The new 
issue of Lloyd’s Register marks a welcome change in 
blishing policy, the former ponderous volume of 
Sisosthen and Motorships being now issued in two parts, 
A-L and M-Z. The result is two relatively handy 
volumes, not much thicker than a London telephone 


directory; the ter convenience in is 
apie Pr B94 ne is the BPR aiye pT 
vessels in the same alphabetical series as the steamers 
and motorships, the names of the sailing vessels being 
distinguished by italic capitals; an interesting rever- 
sion to a very old arrangement, as steamers were listed 
initially in the single volume which was devoted pre- 
dominantly to sailing vessels. In the present issue, the 


list of shipowners and managers is included at the | Co 


end of vol. IT (M-Z), in which also is the list of vessels 
fitted with refrigerating appliances. The subscription 
to the Register Book remains at 12 guineas per copy, 
inc! iing the periodical supplements, or 25 guineas if 
periodically corrected in type, but notice is given that 
the price of the Appendix (a separate volume, containing 
lists of shipbuilders, docks, etc., and statistical tables) 
is increased to 3 guineas for the next issue. The charge 
made to public institutions for the Register Book is 
20 guineas with supplements, or 30 guineas if periodi- 
cally “‘ posted ” in type. Inquiries should be addressed 
to Lioya’s Register of Shipping, 71, Fenchurch-street, 
London, E.C.3. 

International Maritime Dictionary.—Since the publi- 
cation of Admiral W. H. Smyth’s Sailor’s Word-book, 
some 80 years ago, there have been -various projects 
for the compilation of comprehensive nautical dic- 
tionaries, but few have come anywhere near fruition. 
Mr. René de Kerchove, however, has not merely 
produced a dictionary of notable scope, but has included 
in it the French and German ivalents of many of 
the terms, and has illustrated a tn number of them 
with clear line diagrams. The book is American, being 
published by the D. van Nostrand Company, Incor- 

250, Fourth-avenue, New York 3, U.S.A., 
and the present issue is the second edition ; the price 
is 10 dols. In the British Isles, it is distributed by 
Messrs. Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2, at the price of 21. 15s. net. 
A notable feature is the large number of native craft 
described; but modern ship construction is well 
covered, and the book is by no means a work of 
reference primarily for the nautical antiquary or the 
student of obscure local types of small craft. Having 
tested its 946 pages with a number of searches, we can 
say fl. at emt an tac se 
and that was of no great moment; but there are also 
a few arguable details, as is inevitable in a work of 
such dimensions. We incline to doubt the United 
States origin attributed to “ t”? (though unable 
to prove the point, admittedly) ; and Lloyd’s Register 
of Shipping was not founded in 1834, but in 1760. 





LAUNCHES AND TRIAL TRIPS. 


8.8. “Crry or Oxrorp.”—Single-screw cargo vessel, 
carrying 12 passengers, built and engined by Messrs. 
John Brown and Company, Limited, Clydebank, for the 
Ellerman Lines Limited, London, E.C.3. Main dimen- 
sions: 450 ft. by 61 ft. 6 in. by 41 ft. 8in.; deadweight 
capacity, 10,960 tons. Steam turbines with double- 
helical single-reduction type gearing, developing about 
7,200 s.h.p., constructed in collaboration with Messrs. 
Parsons Marine Steam Turbine Company, Limited. 
Service speed, about 15 knots. Launch, June 24. 


8.S. “A. J. FALKLAND.”—Single-screw cargo vessel 
(the second of five) built and engined by Messrs. William 
Gray and Company, Limited, West Hartlepool, for the 
Rederi A/B Wallen (Axel Falkland), Helsingborg, Sweden. 
Main dimensions: 336 ft. by 47 ft. by 27 ft. 10} in. to 
shelter deck ; deadweight capacity, about 3,470 tons on 
@ load draught of 19 ft. summer freeboard. Triple- 
expansion engine developing 1,970 i.h.p. and a service 
speed of over 12 knots. Trial trip, August 30. 


8.S. “‘ RiatTo.”—Single-screw cargo liner, carrying 
12 passengers, built and engined by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Walker, 
Newcastle-upon-Tyne, for Messrs Ellerman’s Wilson 
Line, Limited, Hull. Main dimensions: 419 ft. 6 in. by 
55 ft. 6 in. by 28 ft. 3 in. to upper deck; deadweight 
capacity, 7,000 tons on a draught of 25 ft.6in. Triple- 
expansion engines working in conjunction with an 
exbaust turbine on the Bauer-Wach system. Launch, 
September 2. 


M.S. “ ATHELDUKE.”—Single-screw tanker to carry 
molasses in bulk, built by Sir James Laing and Sons, 
Limited, Sunderland, for the Athel Line, Limited, 
London, W.1. Main dimensions: 465 ft. by 63 ft. by 
34 ft. 7 in.; deadweight capacity, 12,500 tons on a 
draught of 28 ft. 2 in. Four-cylinder Doxford-type 
engine, supplied by the North Eastern Marine Engi- 
neering Company (1938), Limited,Wallsend-on-Tyne, to 
give a se vice speed of 124 knots. Launch, September 3. 





LABOUR NOTES. 


THE report of the court of inquiry which investigated 
the engineers’ wage claims has been under considera- 
tion by both sides. The court is not an arbitration 
body, and its decisions are recommenda’ 
re 


eae ae ee as Coe 
federation’s roup Council had arranged a 
joint meeting with the ring and Allied Employ- 
ers’ Nati Federation for September 21. It tay be 
expected that the “* new and simplified wage structure ” 
for the engineering industry, which the court recom- 


willingness to give this aspect of the wage claims early 
consideration will bably have a considerable 
influence on the decision of the Confederation’s 
executive council, to whom the employers’ attitude 
will be reported. Neither side has so far declared its 
acceptance, or rejection, of the increase of 5s. a week 
in the national bonus, which the court recommended. 
About three thousand engineering and shipbuilding 
employees on the Clyde took part in an unofficial 
token strike on Monday to emphasise their disapproval 
of the amount of this proposed increase. 


The Government published the wane of the court 
of inquiry into the engineers’ claims as a White 
Paper on September 1. It stressed throughout the 
great importance which the White Paper on “ Personal 
Incomes, Costs and Prices,” published in Eebruary, 
had had on its deliberations. After general statements, 
followed by a summing up of the cases for the Con- 
federation and the Federation, the report stated that 
the court found that there were circumstances concern- 
ing the claim which warranted its consideration, in 
spite of the conclusion that “ If the claim made by the 
Confederation were to be judged ye the 

Paper standards, we should find it di t to justify 
any part of it.” The report gave as the reason for 
this that “The two sides of the engineering industry 
had been in negotiation for almost two years before the 
White Paper was issued on the pro of the unions 
for a new wage structure, which proposals involved a 
large increase in wage rates,” and continued: “ the 
present claim was in essence a development from negoti- 
ations which were never really terminated, and, in these 
circumstances, it appears to us difficult to justify a 
refusal to consider it.” 





, The court ae that the establishment, as a 
ong-term policy, of a new and simplified wage structure, 
which might involve consolidation of basic rates and 


on the basis of the Confederation’s claim, the magnitude 
of the cost of which could not be forecast on the informa- 
tion before the court. Consolidation on such a basis 
would place a heavy additional burden on the ind 

and might seriously affect its position in the world’s 
export markets. The court expressed some sympathy 
with the claim that there should be greater uniformity 
of minimum rates of wages in the industry. 





The court found that, at the present time, the 
district minimum basic rates, excluding bonus, varied 
from 61s. 33d. to 74s. 14d. for the skilled engineer, 
and from 47s. 3}d. to 55s. 93d. for the unskilled. It 
felt that there was no justification for such wide 
aifferences for men engaged in the same occupations, 
and recommended that the minimum basic rates, for 
any district, should be not less than those which are 
established for districts at present carrying the pre- 
dominant basic rate, excluding bonus, of 66s. for 
skilled and 51s. for unskilled workmen. While unable 
to recommend the granting of an all-round increase of 
the order suggested by the Confederation, or the 
immediate consolidation of the national bonus with 
the basic rate, the court did recommend an addition 
of 5s. weekly to the national bonus for all adult male 
employees in the industry, with consequential adjust- 
ment in the bonus of apprentices, boys and youths. 
The Confederation’s claim was for increases which 
would have averaged 13s. a week. The numbers 
affected by the recommendation were estimated by 
the court to number 1,600,000 persons, and by the 
employers’ Federation te number 2,500,000. The cost 
of the 58. weekly increase would thus add from twenty 
to thirty million ° ee annually to the engineering 
industry’s wage bill. 


The report stressed the court’s view that ‘‘ when the 
present claim is dealt with, no future claim in the 
engineering industry would be admissible which could 
not be strictly justified within the four corners of the 
White Paper, so long as the conditions of our national 





— 


economy remain as they were when the White Paper 
was published.” Neither must the acceptance of the 
engineers’ claim be taken as a precedent for claims in 
any other industries, unless the circumstances are 
strictly comparable with those of the engineering claim, 
aN sag ended by stating that the court was “ par. 

'y impressed by the emphasis placed by both 
= on the need for increased production and greater 

‘vidual output.” 





The 80th eet sting of the — Union 
Congress opened in Margate on Monday last, under the 
chairmanship of the T.U.C. President, Miss Florence 
Hancock, and sessions have continued throughout the 
week. Some 860 delegates, from 188 unions having a 
total membership of nearly eight millions, had been 
appointed. Monday’s session, as had been expected, 
opened with a political rather than an economic and 
industrial background. In her presidential address, 
Miss Hancock vigorously condemned unofficial strikes 
_ the aa mischief-makers who are Rese on the 

rt to every grievance.” Unofficial strikes 
were very seldom justified. A resolution condemning 
the disloyal activities of small sections of the movement 
which ignored constitutional trade-union practices, 
was passed by a large majority. This resolution de- 
clared the intention of the Congress to e and defeat 
these elements. Mr. Emanuel Shin , Secretary of 
State for War, addressed the Congress on the national. 
ised industries, dealing mainly with the political 
aspect, and hinted at more nationalisation to come. 





In striking contrast was the forthright address given 
on Tuesday by Sir Stafford Cripps, the Chancellor of 
the Exchequer, in which he answered the Government's 
curb-profits critics. Sir Stafford said that the country 
had travelled some of the way along the road to 
recovery, “‘ but we must not let up at this stage.” 
He said that we must still exercise the restraints and 
make the efforts that are essential to our continued 
progress. But now there was this difference, we knew 
that the methods we have employed were succeeding— 
we had the concrete evidence of the past nine months. 
If we persisted, we could get through our difficulties. 
We might appear to be paying a high price, but freedom 
and independence and a decent standard of living were 
worth a great price. We possessed no more manpower 
resources with which to increase our production, but 
increase it we must, at all costs. Sir Stafford continued : 
“The two dangers that I see to full employment are 
if we cannot export enough to get all the raw materials 
we need, or if our prices are too high to enable us to 
secure the markets abroad that we must have.” 


ing with the relationship of profits to wages, 
Sir ord said: ‘“‘In 1947, corporation profits 
distributed as dividends amounted to 320 million 
pounds, after the deduction of tax. This is a rough 





*| provisional estimate. This 320 million pounds com- 


pares with a total for wages, after the deduction of 
tax, of 3,260 million pounds and for salaries, on the 
same . The figure of 
profits distributed by corporations is thus about one- 
tenth the total ef wages, and about one-fifteenth of 
wages and salaries combined.” If corporation profits 
were cut by twenty-five per cent., which would be 
“‘a very drastic cut,” the average additien to wages 
and salaries would amount to about 4d. in the pound. 





Strike action not being provided for by the consti- 
tution of the Post Office Engineering Union, a ballot 
of the members was arranged, some time ago, to settle 
this question of principle and to decide whether the 
union’s rules should be altered by the addition of 
strike clauses. The ballot will be held during the next 
few weeks, but it is understood that such action is not 
in contemplation at the present time. The union's 
request for higher wages has been rejected by the 
Postmaster-General, who has notified the executive 
body that it cannot be dealt with at present, owing 
to the implications of the Government White Paper on 
personal incomes. The claim, which was put forward 
in March last, asked for increases in varying amounts, 
according to grade, and involved approximately 55,000 
members. The union’s executive body hope to raise 
the matter again. 


During recent discussions on the dock labour scheme, 
the general secretary of the Transport and General 
Workers’ Union, Mr. Arthur Deakin, stated that the 
dockers’ unions and the National Dock Labour Board 
had always been confronted with the difficulty that 
the scheme and its disciplinary clauses were not suffi- 
ciently understood by the rank and file. It had been 
found that the present procedure had worked quite 
smoothly whenever its provisions had been adequately 
understood. The problem might be solved by the 
issue of a pamphlet giving in straightforward language 
a simple explanation of the scheme and how it worked. 
The rd and the union had under consideration the 
publication of such a booklet. 
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Fig. 2. SquaREs AND ImpREsSIONS MADE 
on AUSTENITIC STAINLESS STEEL. 


Fic. 3. Impressions oN AUSTENITIC 
STarn.ess STEEL. 














CHILLED Cast-Iron; Loap 50 
GramMmMEs. X 350. 


FUEL EFFICIENCY EDUCATIONAL CONFERENCE.—The 
Central Office of Information, 7, Wetherby-road, Oak- 
wood, Leeds, 8, announce that an educational conference 
organised by the Wool Textile Delegation Fuel Efficiency 
Committee and the Joint Education Committee of the 
Ministry of Fuel and Power will be beld at the Technical 
College, Bradford, on Friday, September 10. Its purpose 
will be to discuss the educational courses provided for 











Fic. 6. Vickers “A” Steet; Loap 10 
Grammgs. xX 475. 


the training of boiler-house and other fuel-using operators, 
and to suggest possible improvements in the training 
courses available. The conference opens at 10.30 a.m., 
under the chairmanship of Mr. F. Haigh, and the first 
speaker will be the Minister of Fuel and Power, Mr. 
H. T. N. Gaitskell, C.B.E., M.P. Other speakers will 
include Dr. H. A. Fells, Mr. J. G. Jagger, Mr. Leslie 
Wilson, O.B.E., and Professor R. J. Sarjant, O.B.E. 


































































Fig. 4. Grey Cast Iron; Loap 20 GRaMMEs. 
x 475. 


MICRO-HARDNESS TESTING OF 
METALS.* 
By E. Witrrep Taytor, C.B.E., F.Inst.P. 


Many well known methods are employed for the 
routine measurement of the hardness of metals used 
in the workshop, and all depend on: small impressions 
formed in the surface of the material by an indenter 
subjected to a known load. Of these methods, the 
best known are the Brinell, Vickers, and Rockwell, 
which make use of a steel ball or a diamond pyramid 
as indenter and apply a known load of 1 to 100 kg. The 
Tesults satisfy all ordinary industrial requirements, but 
the hardness figures so obtained usually represent an 
average, since nearly all the metallic alloys in common 
use are far from homogeneous and consist of a mosaic 
of minute crystals usually much smaller than the in- 
dentations made under the loads normally applied. 

To those engaged in a detailed study of alloys, some 
knowledge of the physical properties of the individual 
crystals and aggregates is essential, and this implies 
the ability to reveal the boundaries by a suitable etching 
technique and to apply a hardness test to minute areas 
present in the specimen. The mosaic formed by a 
number of components with differing physical properties 
may be on @ very small scale, as, for instance, in 
hardened beryllium bronze and some steels, so that the 
etched surface must often be examined under con- 
siderable magnification in order to recognise and select 
appropriate areas for test. Having selected the area, 
the indenter must be located with sufficient accuracy 
to make the impression precisely at the pre-determined 
point under a light, but accurately controlled, load. 
The next step necessitates the evaluation of the dimen- 
—_ of the impression and the assignment of a hardness 

gure. 

Once the means for determining the hardness figures 
of the components of a microstructure are available, 
many new applications will be found, as, for instance, 
the change in hardness as a brazed, soldered, or welded 
joint is traversed, or the depth of the “‘ case ” of a case- 
hardened steel. Similarly, the hardness figures of 
foils, lamp filaments, or protective plating may be 
determined without difficulty and the limits of diffusion 
of one metal into another investigated. The test may 
be qualitative and take the form of a scratch made 
across @ prepared surface under carefully controlled 
conditions, or quantitative with astatic indenter acting 
normally to the surface of the specimen ; in the latter 
case, a hardness number may be deduced with con- 
siderable accuracy. 





* Paper to be presented at the Institute of Mctals 
Autumn Meeting in Cambridge, on Wednesday, Sep- 
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Having briefly stated the problem, we may now con- 
sider some of the factors involved. In the first place, 
the specimen must be carefully selected, and a face 
must be ground and polished until it presents a plane 
surface. This should be accomplished without the 
generation of sufficient heat to affect the properties 
of the superficial layer. The specimen must then be 
treated with a suitable etching solution, the purpose of 
which is to e the boundaries between the several 
components until the latter may be visually recognised. 
In some cases, an electrolytic etching process is pre- 
ferred, as the surface layer of the specimen, which may 
be superficially work-hardened by the grinding and 
polishing technique, is removed in the process. For 
micro-hardness testing it will be most convenient if the 
specimen is embedded in a synthetic-resin or plaster 
mould designed to fit the particular specimen holder, 
in which case all subsequent mounting difficulties will 
disappear. 

The microscope should :be of robust construction and 
preferably of the inverted or Le Chatelier type, fitted 
with a mechanical stage to which the micro-hardness 
testing mechanism can be attached. The eyepiece 
must carry adjustable cross-wires, and measuring scales 
can also be incorporated. The indenter may be 
meunted in the front lens of the objective, or it may 
form an interchangeable unit which registers exactly 
with the latter, since it is essential that the impression 
should be formed precisely in that part of the specimen 
which is imaged on the cross-wires of the eyepiece. 
There is much to be said for the former arrangement, 
since, although the central image-forming rays are 
occulted, the optical performance of the objective is 
still sufficiently good to enable the grain boundaries 
to be recognised, and, the interchange of parts which 
would have to register with the utmost precision is 
avoided. 

The indenter itself might consist of a minute ball of 
hardened steel, loaded, as is usual, until a depression 
is made corresponding to about three-eighths of the 
diameter of the sphere, but there is much to be said 
for the selection of the Vickers diamond pyramid, which 
has the faces worked to an angle of 136 deg. By this 
choice, elastic deformation of the indenter is avoided, 
and the hardness figures obtained correspond very 
closely indeed to those obtained by the Vickers or 
Brinell methods, without the necessity for choosing the 
load to suit the ball diameter, or vice versa. In short, 
the same diamond can be used under a load applicable 
to the particular specimen, and this is a most important 
consideration. 

The load must be accurately applied and may vary 
from 1-0 to 500 grammes. A set of weights, such as is 
usually supplied with a chemical balance, is most 
convenient and much more reliable in use than any 
spring-loading device. An almost ideal arrangement 
is one in which the specimen is secured to one end of a 
carefully balanced lever rocking about almost friction- 
less bearings. The selected weight is then applied to 
a platform immediately above the specimen, and the 
combined objective and diamond indenter are slowly 
advanced towards the specimen, by means of the 
normal slow-motion mechanism, until contact is 
indicated by some visual or aural device. When the 
loads are very light and the indentation very minute, 
it is inadvisable to reverse the fine motion while the 
diamond is in contact with the specimen, as all mechan- 
isms are subject to some degree of hysteresis, and it is 
most important that no further movement of the 
indenter should take place. With light loads of 
20 grammes or under, a safer alternative is to raise 
the specimen gently out of contact with the diamond. 
Having examined some of the problems associated with 
the design of a micro-hardness tester, an instrument 
will be described in which an attempt has been made 
to, secure the most favourable working conditions. 

he following is a description of the apparatus as 
finally developed as a result of experiments carried out 
in the laboratory of Messrs. Cooke, Troughton and 
Simms, Limited, at York. Referring to Fig. 1, on 
page 261, in which the apparatus is shown mounted on 
the stage of a standard Vickers projection microscope, 
a base casting is secured to the stage of the microscope 
by means of two knurled heads. To this base a lever, 
extending diametrically across it, is pivoted in ball 
races, as may be discerned on the left in Fig. 1. At 
the left-hand end of the lever are removable weights 
and also an adjustable counterpoise weight, and towards 
the right-hand end is a circular platform (on which 
weights may be placed). Arranged immediately under 
this platform is a removable specimen holder which 
registers in a dovetail slide and is clamped by a finger 
screw. The lever of the apparatus may be secured to 
the base-plate by means of a finger screw, but on the 
release of this a conductor, on depression of thie end of 
the lever, will make contact with a second insulated 
conductor and permit current to flow through a lamp 
housed near the ball races of the lever, with the conse- 
quent illumination of a red glass window. The supply 
current at 4 volts is brought to terminals on the base- 
plate, and the objective in which the diamond in- 
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denter is mounted is immediately below the specimen 
holder. ; 

The sequence of operations is as follows: The speci- 
men holder is released by means of its finger screw and 
removed for the insertion of the specimen. It is then 
replaced and the finger screw tightened. The lever 
locking screw is released and the lever is balanced by 
the removal or addition of weights and the adjustment 
of the counterpoise on the left in Fig. 1. The flicker- 
ing of the red light is of considerable assistance while 
balancing. The selected load is then placed centrally 
on the circular platform of the apparatus. 

The fine-motion head of the microscope is used to 
raise the objective until the diamond makes contact 
with the specimen and lifts it sufficiently to break con- 
tact between the conductors, as revealed by the failing 
of the red light. (The speed of impact of the diamond 
should be approximately 10 per second, and contact 
should be maintained for about 15 seconds.) When the 
load is light, 20 grammes or less, it is advisable to lift 
the specimen clear of the diamond by means of a gentle 
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downward pull on the handle seen at the extreme left 
of Fig. 1. While the specimen is disengaged from 
the diamond, the slow motion should be reversed 
before releasing the handle and refocusing the specimen. 
When the specimen is focused, the impression is seen 
in the field of view, and the cross-wires in the eyepiece 
are brought into coincidence with the impression on 
the specimen by means of finger screws below the 
eyepiece. Thereafter, on bringing any selected point 
of the image on to the cross-wires, that point on the 
specimen will receive the impression when the diamond 
is brought into contact with the specimen. If it is 
desired to make a scratch test, the same procedure is 
followed until the diamond has made contact with the 
specimen, as indicated by the failure of the red light. 
One of the microscope-stage traverse screws is then 
utilised to move the specimen relatively to the fixed 
indenter. 

Having now described the means whereby a minute 
diamond impression under a known predetermined 
load can be placed over a selected point on the speci- 
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Fig. 11. Brryiiium-Bronze; Loap 10 
GRAMMES. X 475. 
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Fig. 13. Cross Secrions oF Two Sarety-Razor BiapeEs. x 475. 


men, it will be of interest to demonstrate the accuracy 
with which this can be done and to show that, with a 
homogeneous specimen, the hardness figure obtained is 
independent of the load. The specimen used for 
Fig. 2, on page 261, was a sample of austenitic stainless 
steel with one surface polished to a mirror finish. On 
the surface, lines were ruled with a spacing of 0-02 mm. 
or 20u. The loads applied to the diamond were 50, 
40, 20, 10 and 5 grammes, and in each case an attempt 
was made to place the impression in the centre of one of 
the ruled squares. It is easily possible to do this 
with an error of less than 54. Stainless steel is not an 
ideal material for testing the effect of a varying load 
on the hardness figure derived from a measurement of 
the length of the diagonal of the impression, but Fig. 3, 
on page 261, shows the results obtained with the same 
specimen. In this case, the loads were 200, 100, 50, 
20, 10, 5, 2 and 1 gramme. The Vickers hardness 
number V may be derived from the formula : 
1,854 x L 
V= —-s 

in which L is the load in grammes and d is the average 
length, in yw, of the two diagonals of the indentation. 

Grey cast iron contains graphite inclusions, and may 
consist also of austenite, cementite, and ferrite sepa- 
tately or combined; varying degrees of hardness 
characterise these different constituents. The conglo- 
merate of ferrite and cementite which constitutes the 
pearlite eutectoid is easily recognised by its laminated 
appearance. Fig. 4 on page 261, is an example of 
grey cast iron, showing graphite inclusions, dark areas 





of pearlite, and light areas of ferrite. The hardness 
figures are respectively 11, 212 and 266. The load 
was 20 grammes. Fig. 5, page 261, is an example of a 
chilled cast iron, showing dark areas of pearlite and 
light areas of cementite. In this case, the hardness 
figures are 245 and 612; the load was 50 grammes. 
Fig. 7, opposite, shows a scratch test on the same 
specimen. Under a load of 0-5 gramme the diamond 
appears to skate over the cementite but to bite into the 
pearlitic areas. As the load is increased to 1 gramme, 
and later to 2 grammes, the scratch becomes continuous, 
but still rev the difference in hardness between the 
light and dark areas. 

Fig. 6, page 261, is of Vickers “‘ A ” steel composition : 
carbon 0-45 to 0-55 per cent., silicon 0-15 to 0-30 per 
cent., manganese 0-30 to 0-80 per cent., nickel 0-50 per 
cent. maximum), in the unhardened condition, and the 
impressions were made under a load of 10 grammes, 
giving a fairly uniform hardness of 200. It is 
possible that the yielding of ferrite underneath pearlite 
has given the effect of a spurious softness. Fig. 8, oppo- 
site, is of greater interest, as showing a section through a 
piece of Nitralloy steel, chemically hardened from the 
edge. A series of impressions was made under a load 
of 50 grammes, and the hardness figures increase 
successively from 275 to 930. Plotting the change in 
the hardness number against the distance from the 
edge, measured in microns, indicated that, in this 
instance, the hardness figure drops below 900 at about 
0-04 mm. from the edge. 

It is time now to turn to the non-ferrous alloys, such 
as brass, phosphor bronze, and beryllium bronze. They 
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are characterised by a face-centred cubic lattice, the 
crystals of which are intersected at random by the 
plane of the section. The form of the indentation, 
which is in general quadratic, is affected by the crystal- 
line structure and may change as the diamond is 
rotated in relation to the specimen. Fig. 9, opposite, 
represents phosphor bronze (composition : tin 4-5 to 6 
per cent., phosphorus 0-02 to 0-40 per cent., lead 0-02 
per cent. maximum, copper remainder), and a number 
of impressions have been made on the same crystal, 
but with varying orientation as the specimen was 
turned 15 deg. in relation to the diamond after each 
setting. The load was 20 grammes, and the hardness 
figures for the light and dark areas are 129 and 183. 
It will be noted that the impressions may have concave 
or convex sides, and that the light-coloured area is not 
of uniform hardness. Fig. 10, opposite, is of another 
sample, and here again a difference was noted hetween 
the hardness of the light and dark areas. The load 
was 20 grammes and the hardness figures are 140 
and 170, respectively. Fig. 11, on this page, is of 
beryllium bronze (composition: beryllium 2-0 per 
cent., cobalt 0-25 per cent., copper remainder), which 
forms an «-solid solution at high temperatures that 
is retained on quenching; at this stage the hard- 
ness figure was 149 with a load of 10 grammes. When 
heated to 200 deg. C. or over, the a crystals darken 
in a lattice-like pattern, as shown in Fig. 12. Here 
the load was 10 grammes and the hardness figure 
is 340. 

Finally, it may be of interest to describe the deter- 
mination of the hardness of thin sections of metal 
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which do not lend themselves to the more usual 
methods. Fig. 13, page 263, shows a section of two 
safety-razor blades. On one, a number of indentations 
were made with loads of 5, 10, 20, 50, 100, 200 and 500 
Trammes, and on the other a chain of impressions was 
‘ormed under a load of 20 grammes in order to check 
the uniformity of the hardness throughout the speci- 
men. This was found to be constant, with a hardness 
figure of 742. Fig. 14, page 263, is a section through 
nickel plate on brass, and the hardness figure for the 
nickel was found to be 515 under a load of 50 grammes. 
Fig. 15, also on page 263, shows a piece of tin-foil 
about 50 thick, sandwiched between pieces of brass 
and gunmetal. The load used was 5 grammes and the 
hardness figure for the tin was found to be 23. 





NOTES ON NEW BOOKS. 


Training in Foremanship and Management. By 
James J. Gutespre. Fifth edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, London, W.C.2. [Price 12s. 6d. net.] 

In his preface to the fifth edition of this book, which 

was first published in 1933, Mr. Gillespie returns to 

the attack on present-day principles of management 
structure, declaring that the days of imposed manage- 
ment are numbered. In this edition, he has made 
considered modifications in order to incorporate his 
new conception of the role of leadership, as well as to 
bring the chapters on motion study and similar tech- 
niques into line with his more recently published books 
on these subjects. The result is a rather curious 
mixture of advanced sociological study and humdrum 
details of such things as machine loading charts and 
profit and loss accounts. As the sociological side 

predominates in the earlier chapters, together with a 

good deal of psychology and history, the average 

aspiring foreman, at any rate, may feel himself out of 
his depth when commencing his study of the book. 

That is a pity, because the succeeding chapters embody 

a very good summary of all that is really essential in 

the more technical aspects of works management. The 

reader who wishes to use the book for guidance in his 
practical daily work is therefore recommended to turn 
his attention first to Part II, entitled “‘ Management 

Methods,” where he will find excellent accounts of the 

principles of sound methods of works planning, pro- 

duction progressing, motion and time study, wage 
systems and works accountancy. If his ibilities 
are wider and he is troubled by the lack of responsible 
feeling on the part of the workpeople, which Mr. 

Gillespie feels to be the consequence of increasingly 

centralised es then he may turn to Part I, 

and brace hi to face Mr. Gillespie’s contention 

that it is to be cured not by fear of dismissal or money 
incentives, but by giving the workpeople participation 
in management. 





Richard Sutcliffe: The Pioneer of Underground Belt 
Conveying. By R. J. Sutctir¥re and. Epwarp D. 
Sutciirre, M.A. (Oxon). Second edition. Richard 
Sutcliffe Limited, 235, Vauxhall Bridge-road, 
London, S.W.1. 


Tus book, privately printed for complimentary distri- 
bution, is primarily a biography, but it is also a factual 
history of the beginnings of a development in coal- 
mining practice which only now, more than 40 years 
after its inception, is receiving the general attention 
that is its due. Incidentally, it contradicts the com- 
mon ton that, under the conditions of the 
Twentieth Century, only the man who has made a 
lifelong study of some branch of engineering can 
contribute anything useful to its advancement; for 
Richard Sutcliffe’s first adventure in mining engineering 
—a modification to a pumping plant—was undertaken 
and successfully accomplished without any previous 
experience in that direction. In fact, Richard Sutcliffe 
was of the same stamp as those early engineers in 
Cornwall and elsewhere who were prepared to turn 
their hands to any task. He did much pioneer work on 
coal-cutting machinery also, the details of which are 
set out in their place; and, at his death in 1930, was 
generally acclaimed as one who had made material 
contributions towards the mechanisation of an industry 
which, at that time, must have appeared to many as a 
more than usually difficult field for such development. 





MULLARD READERSHIP IN ELECTRONICS.—With the 
object of making a practical contribution to the cause 
of the future education of electrical engineers, Messrs. 
Mullard Electronic Products, Limited, Century House, 
Shaftesbury-avenue, London, W.C.2, have offered to 
finance a Readership in Electronics at the City and 
Guilds College, London. Following discussions with 
Professor Willis Jackson on this matter, an approach 
was made to Sir Richard Southwell, Rector of Imperial 
College. This has resulted in the authorities of the 
University of London accepting the offer. 
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599,809. Axial-Flow Compressor. The Bristol Aero- 
plane Company, Limited, and F. M. Owner, both of Bristol. 
(7 Figs.) January 15, 1945.—This invention concerns 
axial-flow compressors and turbines of the type in which 
the rotor has a number of disc-drum units which are 
assembled co-axially side by side and which carry the 
rotor blades spaced around their peripheral surface. 
Such rotors are usually operated at a high speed, so that 
they are subjected to high mechanical stresses. The 
object of the invention is to provide a construction in 
which adequate strength can be secured with a minimum 
weight, together with the maximum convenience in manu- 
facture and assembly. The rotor consists of a number of 
disc-drum units, generally indicated at 10, a shaft 11 by 
which the rotor is driven and a number of blades 12 which 
are carried by the rotor. Each disc-drum unit 10 com- 
prises a drum-like portion 13, which has an axial length 
greater than the blade dimensions and an outwardly 
extending disc 14 which is concentric with the drum por- 








tion 13 and is formed integrally with it. The blades 12 
are carried by the disc portion 14 of the disc-drum units 
10. The rotor is assembled by mounting the disc-drum 
units 10 side by side and passing through the drum por- 
tion 13 a number of bolts 15 which extend throughout the 
length of the rotor and the outwardly flanged portions 16 
of the shaft 11. The bolts are provided with nuts so that 
when they are in position the disc-drum units 10 may be 
clamped together and to the shaft 11 through the medium 
of the flanges 16. The drum-like construction of rotor 
described is advantageous in providing the maximum 
stiffness and simplicity of construction, but it is desirable 
that the drum should be of small diameter on account 
of the centrifugal stresses to which it is subjected. The 
internal diameter of the drum should therefore be of the 
order of half the overall diameter of the rotor as measured 
across the discs 14. Stiffness is imparted to the rotor 
by the outwardly extending disc portions 14 which are 
formed integrally with the drum-like portions 13. 
(Sealed.) 
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601,264. Ignition-Timing Device. The British Thom- 
son-Houston Company, Limited, of London, and L. Grif- 
fiths, of Coventry. (4 Figs.) July 12, 1945.—This 
invention is an automatic ignition-timing device for 
stationary armature magnetos when used with single or 
multi-cylinder engines. Its object is to advance the con- 
tact-breaker cam of the magneto from a fully-retarded 
position, with increase in speed, through the agency of a 
centrifugal device incorporated within the rotor assembly. 
A magneto of the stationary-armature type, with a rotat- 
ing magnet assembly rigidly secured at one end to a 
driving shaft and provided at the other end with an end- 
plate having a tubular extension which passes through a 
bearing supporting the adjacent end of the assembly, is 
provided with a centrifugal device associated with the 
endplate and arranged to adjust the timing of a contact 
breaker in relation to the angular position of the driving 
shaft according to the rotational speed of the latter. 
This is done by means of an advance actuating shaft 
passing through the tubular extension, connected at 
its inner end to the centrifugal device and at its outer end 
to the contact-breaker mechanism. The change in 
timing is thus brought about without changing the 
angular setting of the rotating essembly. The construc- 
tion of the centrifugal device is shown in the drawing. 
Two slots 8 are machined in the periphery of the central 
recess of endplate 7, through which protrude extensions 
9a of the actuating weights 9 to engage the slots 6a 





in the end of the shaft 6. The weights 9 are supported 
on pivot screws 10 secured in endplate 7 and controlled 
by springs 11 anchored to adjacent extremities of oppo- 
site weights. By anchoring the springs as shown, the 
initial rate of advance is facilitated, as while the point 9 
moves outwards, point 9c moves inwards and in a 
direction toward point 9b; consequently the extension 
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of the spring is reduced by this complementary action. 
This arrangement has the further advantage that it 
obviates the necessity for an additional anchoring pin. 
In order to limit the outward movement of the weights 9 
and also to concentrate weight where it will be most 
effective, pins 12 are secured to the weights. The inner 
extensions of the pins engage circular holes 14 in the 
end plate 7 and so restrict the outward movement. 
(Accepted May 3, 1948.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 

600,147. Dust Removal from Grinder. A. R. Tatter- 
sall, of Blackburn, Lancaster. (3 Figs.) September 28, 
1945.—The invention is a cabinet-enclosed grinder in 
which the down draught from the grinding wheel is 
utilised to convey the dust to a compartment in which 
the heavy dust collects, the lighter dust passing to 
another compartment where it is trapped by a filter. 
Aindicates the grinding wheel, B the grinding head, C the 
table and D the cabinet. The motor A! for driving the 
grinding wheel is adjustably mounted on rails A? in a 
compartment D! and drives the spindle A? of the grinding 
wheel through a belt A‘. Situated below the grinding 
wheel is a discharge duct E which extends from the 
table C to a partition F situated above the bottom of the 
cabinet. This discharge duct takes the down draught 
from the grinding wheel and all matter that comes away 
from the wheel and deposits the heavier matter in a com- 
partment G that is formed in the bottom of the cabinet 
by the partition F. Extending upward from the top of 
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the compartment G is a partition which separates the 
cabinet into two upper dustproof compartments, one of 
which is shown at D!. The compartment D? contains 
the motor and in the other compartment is a duct or 
pipe J which is formed with a bend J! at the top and has 
a filter bag K suspended from its open end. The back 
of the cabinet is fitted with a removable cover plate D*® 
for obtaining access to the interior, and between this 
plate and the cabinet is an exhaust aperture through 
which filtered air from the bag can escape. L is a remov- 
able tray which rests on supports at the bottom of the 
compartment G and collects the heavier matter that 
comes away from the wheel. In order to increase the 
down draught set up by the rotation of the wheel A, 4 
loose clamping plate A‘ is fitted with vanes A® to rotate in 
proximity to air intake holes formed in a removable end 
cover, to which is fixed a deflector N to deflect the 
air drawn in through the holes by the vanes in a down- 
ward direction, and convey the dust-laden air into the 
compartment G. (Sealed.) 
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SEPT. 17, 1948. 


THE DESIGN AND CON- 
STRUCTION OF THE 
ANDERSON RANCH DAM. 


By Exuis L. ARMSTRONG. 
(Continued from page 171.) 

BEFORE leaving the subject of the diversion and 
inlet tunnel, reference should be made to Fig. 17, 
herewith. This shows a section of the penstock 
under construction. As already explained, the 
penstock was installed in the outlet end of the 
tunnel. It was fabricated at the dam site. The 
excavation of the overburden on the abutments 
was started at crest elevation, working down 
the slopes. Most of this excavation, which had a 
maximum depth of 60 ft., was completed before 
river diversion. The procedure was first to strip 
the top waste material by pushing it down the 
slope by bulldozers, connected to winches by cables. 





Fic. 17. 


SECTION OF PENSTOCK UNDER 


Rough excavation of the remaining overburden was 
then carried down in benches, using bulldozers, 
scrapers, shovels and trucks, and the material was 
placed in the cofferdam, or in stockpiles for later 
placing in the dam embankment. Following this, 
the rock surface on the right abutment was cleaned 
by sluicing, working from the top down. The 
sluicing water was supplied to a 3-in. nozzle by 
three-stage Diesel-driven pumps, located near river 
level. The rock surfaces, which were very rough 
and uneven, were well cleaned by this sluicing 
Operation. 

Excavation of the river bottom material, which had 
& maximum thickness of 125 ft. and consisted of 
silt, sand and gravel, was begun immediately 
after the diversion of the river. About 630,000 
cub. yards of material were removed in 110 days, 
operations being conducted on a continual basis 
and all the equipment that could reasonably be 
operated in the area being utilised. The principal 
equipment used for the first 20 ft. of excavation 
consisted of two 4-cub. yard and one 5-cub. yard 
electric shovels, one 6-cub. yard walking dragline, 
one 3-cub. yard dragline, some 30 end-dump and 
other trucks, and three bulldozers. As the trench 
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deepened, the excavation equipment was reduced, to 
the two draglines and one of the shovels, converted 
to a dragline. The large 6-cub. yard walking drag- 
line was used to good advantage in hoisting out 
material from the bottom of the trench. A view 
showing the trench practically completed, and 
placing of the embankment material in progress, is 
given in Fig. 18, herewith. 

It was expected that considerable water would 
be encountered in excavating the deep cut-off 
trench, and the contractor adopted an elaborate 
plan for unwatering the foundation. It was im- 
portant that the unwatering should not wash fines 
from the foundation material upstream and down- 
stream from the trench, and should allow the 
excavated slopes to remain stable. Two 8-ft. by 
12-ft. vertical shafts were driven in the rock on 
the left side of the river, one upstream and one 
downstream from the cut-off trench location. They 
were carried down to an elevation just below the 
lowest rock in the river channel. Drainage tunnels, 








the sump. Local seepage trouble areas on the slopes 
were handled by well-point pumping systems along 
the slope and by gravel and cobble drains. At 
bedrock, sumps. were constructed at the low points 
at the bottom of the upstream and downstream 
slopes, and water was led into these sumps by per- 
forated pipes embedded in gravel and by gravel 
drains. The sumps were covered with heavy timber 
and buried in the fill. Water was pumped through 
12-in. pipes extending up.the slope from these 
sumps during the backfilling of the cut-off trench. 
Pipes, 2 in. to 4 in. in diameter, extended from the 
various drains up the trench slopes. After the trench 
was filled to river level, the sump and drains were 
grouted full of clay. Grout connections were made 
to the low points in the systems and a clay slurry, 
consisting of one part clay and one part water, 
by volume, was pumped into the system. Up to 
50 Ib. per square inch pressure was used in this 
work. The clay material used in the grout averaged 
80 per cent. passing a 200-mesh screen. A total of 
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4 ft. by 6 ft., were then driven from the shafts out 
under the river channel to intercept drainage and 
carry it to pumps located in the shafts. To inter- 
cept water in the foundation sands and gravels, 
and divert it into the drainage tunnels, it was 
planned to drill holes upward from the tunnels 
into the foundation material and downward from 
the surface into the tunnels, utilising screened well- 
points and perforated pipes to tap the pervious 
strata. These drainage points and pipes were only 
partly completed because of the lack of good drilling 
equipment and labour, but after the trench excava- 
tion was started, much less water was encountered 
than had been expected. Clay and silt lenses, 
extending through the sand layers, reduced the 
anticipated seepage into the trench; but they 
presented some difficulty on the upstream trench 
slope, as they formed perched water tables. 

A maximum of about 5} cub. ft. per second of 
water was pumped from the foundation and, of this 
total, the maximum from each shaft and drainage 
tunnel was less than 1 cub. ft. per second. The 
water in the cut-off trench was pumped from a 
low pump at one end of the excavation, all excava- 





tion being done in the dry except when lowering 


Cut-orr TRENCH COMPLETED. 


15,800 cub. ft. of clay was used in filling the drainage 
systems. The shafts and tunnels were backfilled 
with sluiced sand and gravel. 

The excavation for the cut-off wall footings fol- 
lowed the cleaning down of the right abutment by 
sluicing and was extended across the bottom as soon 
as the river sands and gravels were removed. The 
footings were 3 ft. in width and varied in depth from 
a minimum of 3 ft. to 10 ft. or more in broken rock 
areas ; the attempt was made to extend the footings 
3 ft. into sound rock. The sides of the trench were 
carefully line-drilled and the rock excavated by 
pneumatic tools. A small amount of light blasting 
was carried out. Concrete was placed in the foot- 
ings, the drilling and grouting work was done, and 
the walls were then placed. The walls were 15 ft. 
high, normal to the rock surface, in the bottom below 
river level, and decreased to 5 ft. in height at the 
ends. A view of the downstream wall after com- 
pletion is given in Fig. 19, on page 266. 

The grouting programme specified that two deep 
curtains with holes on 10-ft. centres should be 
located under the cut-off walls and that the area 
between the walls should be blanket-grouted. 





Under the upstream wall, the arrangement adopted 
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for the holes, pitched 10 ft. apart, was a hole 30 ft. 
deep, a 100-ft. hole, a 30-ft. hole, then a 150-ft. hole, 
this order being then repeated. Up the right abut- 
ment, the depths decreased to a minimum of 30 ft. 
at the crest. On the left abutment, the hole depths 
were not decreased and the curtain was directed to 
intersect the rings drilled from the tunnel. The 
downstream cut-off was similar, but with fewer 
150-ft. holes. Whenever it was considered neces- 
sary, as evidenced by a study of grouting results, 
additional holes were drilled between the 10-ft. 
spacings until assurance was obtained that the 
rock was well grouted. The cut-off holes were drilled 
with pneumatic diamond-drills, using 13-in. bortz 
plug bits. The drills were of light type, specially 
adapted for handling along steep sidehills, and 
fastened directly to the pipe nipple set in the footing 
concrete, eliminating the necessity for a working 
platform. Most of the 30-ft. holes for the blanket 
grouting were drilled with percussion air drills and 
were about 24 in. in diameter. They were 
thoroughly washed out with air and water jets 
before grouting. Fig. 20, herewith, shows this 
drilling work in progress. 

The grout was mixed in an open-top two-com- 
partment mixing tank with air-driven screw-type 
paddles. Water was measured into the tank by a 
meter or a volume-measuring tank. Cement was 
dumped from paper bags. From the mixer, the 
grout discharged into a 50-gallon agitated sump, 
from which it was pumped. Two grout pumps of 
the duplex-piston displacement type were used at 
each grout plant, one for standby emergency 
purposes. Connections to the grout holes were 
made with heavy-duty hose, 1} in. and 2-in. steel 
pipe, and the necessary valves and fittings. A 
diaphragm gauge at the hole connection and one 
at the grout pump were used to control pressures, 
On holes within about 200 ft. from the grout plant, 
a single-line connection was made. For those 
farther away, a double-line system was used. With 
this arrangement, the grout was either pumped 
directly into holes which showed a rapid intake, or 
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the return valve was opened and the grout circulated 
through the system fast enough to prevent settling, 
the pressure being controlled by operating the valve 
on the return line. This arrangement enabled easy 
washing of the lines without waste, prevented line 
plugging, delivered the required mix to holes on 
which the intake was slow, and allowed greater 
flexibility of the mixes and better control of pres- 
sures at the hole. The grouting was done in stages, 
the rock being first grouted to a 20 or 30 ft. depth. 
A “closing out ” procedure was used and generally 
consisted in drilling and grouting holes on 40-ft. 
centres, holes midway between being then drilled 
and grouted, and finally the closing holes. If these 
closing holes showed large intakes, or if there was 
any question about the completeness of the grout- 
ing treatment, additional holes were drilled on 5-ft. 
centres or less. The deeper reaches were grouted 
in 30-ft. to 50-ft. stages and were closed out in much 
the same manner. 

The grouting of a hole was started with clear 
water injected at the maximum pressure available, 
in order to wash out the hole and provide a lubricat- 
ing action. The grout consisted of cement and 
water and was usually started in the hole with a mix 
of 5:1 water-cement ratio by volume. An 8:1 
mix was used in some of the work. The starting 
mix was thickened according to the rate and amount 
of the intake, but usually to not thicker than 
2:1 unless leaks were encountered. On holes with 
slow takes, no change was made in the mix. Pres- 
sures used were as high as was considered practicable 
from the point of view of not causing rock move- 
ment ; they varied from 30 to 50 lb. per square inch 
for the first stage to 200 lb. for the lower stages. 
The type and tightness of the rock, the location, the 
results obtained nearby, and the action of the hole 
during grouting were factors that determined the 
pressures used. An attempt was made to control 
mixes and pressures in such a way as to allow the 
maximum amount of grout injection, to prevent 
rock uplift, and to treat all seams adequately. 
Leaks were dealt with by caulking with wooden 
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wedges, oakum, and quick-setting cement. (on- 
siderable difficulty with leaks was encountered when 
grouting the broken rock on the left abutment and 
slow painstaking work was necessary to insure a 
good grouting job. 

A total of 68,000 cub. ft. of cement was placed in 
45,000 lin. ft. of grout holes for a unit intake of 
1-5 cub. ft. of cement per linear foot of hole. The 
largest intakes were in the broken rock near the 
top of the left abutment. This unit intake for all 
holes compared with 0-4 cub. ft. for the closing holes. 
An additional 12,000 cub. ft. of grout was used in 
grouting open seams, drains, springs, etc. The 
largest intdéke was encountered in a hole on the left 
abutment where 1,638 cub. ft. were placed. Several 
other holes each took from 500 to 1,200 cub. ft. of 
grout. Later work includes grouting rock in the 
vicinity of the outlet structure and the power-house, 
which will involve the drilling of about 12,000 linear 
ft. of holes. 

(To be continued.) 





LIGHT-WEIGHT CINEMA ROOF: ERRATUM.—-In describ- 
ing the construction of a roof for a new cinema at Rye, 
Sussex, on page 99, ante, it was stated that the plaster 
was applied to Hy-Rib reinforcement. We have been 
informed that the plaster was actually applied to BB 
expanded-metal lathing of }-in. diamond mesh, and not 
to Hy-Rib reinforcement as stated. 

ADVANCED ENGINEERING LECTURES IN MANCHESTER 
Districrt.—The Manchester and District Council for 
Further Education have again, this year, published a 
pamphlet entitled ‘‘ Post-Advanced Lectures in Elec- 
trical and Mechanical Engineering.’”? This contaivs 
details concerning evening courses in specialised branches 
of engineering to be provided during the 1948-49 session 
at Bolton, Crewe, Harwicb, and Oldham Technical 
Colleges, the Manchester College of Technology, the 
Salford Royal Technical College, Warrington Technical 
Institute, and Wigan and District Mining and Technical 
College. Copies of the pamphlet and particulars regard- 
ing the Council’s activities may be obtained from their 
honorary secretary, Education Offices, Deansgate, 
Manchester, 3. 
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SEPT. ; 17, 1948. 


THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 
(Continued from page 210.) 


THE third technical session of the Conference on 
Soil Mechanics, held at Rotterdam from June 22 
to 29, opened on the morning of June 24 with a 
lecture by Ir. J. L. A. Cuperus, chief engineer of the 
Netherlands Railways, on ‘“‘The Stabilisation of 
Railway Embankments near Gouda.” We give 
below a resumé of Mr. Cuperus’s lecture. 


STABILISATION OF RatLway EMBANKMENTS. 


The Gouda-Oudewater part of the main line from 
Utrecht to Rotterdam, and the section between 
Gouda and Rotterdam, said Ir. Cuperus, were con- 
structed on the worst subsoil of the entire Nether- 
lands railway system. The roadbed was formed, 
about 1855, of soil obtained from ditches and borrow- 
pits near the line. Relevelling of the profile was 
done periodically by raising the roadbed with 
ballast sand, up to about 1900, and from that time 
onwards with ballast gravel; thus a body consist- 
ing of sand and gravel was gradually built up, 
with a thickness varying from 1 m. to 5 m., resting 
on partly consolidated layers of peat and soft 
clay. The gradual increase of the weight of the 
roadbed, combined with the increasing frequency 
and weight of the trains, caused a serious subsidence 
on January 11, 1930, covering half of the double- 
track railroad over a length of about 50 m. The 
roadbed showed a settlement of about 3m. The 
subsidence was accompanied by a displacement of 
peat soil into the parallel ditch. Following this 
incident, special attention was paid to the inspec- 
tion of the sections founded on soft sub-soil, and 
it was observed that the passage of trains caused 
temporary downward movements of the entire 
sand and gravel body of the roadbed, which returned 
to its original level afterwards. At high train 
speeds, downward and upward movements occurred, 
which could be observed by the eye. These move- 
ments gave the impression of an undulation and 
were so described. The section from Gouda to 
Oudewater showed the most unfavourable records. 

Extensive investigations were made at points 
3 km. east of Gouda in 1937. These comprised a 
soil survey under and beside the roadbed by means 
of screw-auger borings and soundings with the 
Barentsen apparatus; examination of the settle- 
ment records taken since the construction of the 
line and especially during the years 1930-37, and 
an estimate of the amounts of gravel and sand used 
for the periodical raising of the bed; and undula- 
tion records. The undulations were measured with 
an apparatus constructed for the purpose, and the 
results were compiled in graphs giving the vertical 
movements of both tracks in relation to the train 
speeds. With Diesel-electric trains, only a down- 
ward movement was recorded, of a constant magni- 
tude at train speeds up to 60 km. per hour. Above 
this speed, the downward movement increased with 
the speed and an upward movement began to 
appear, which increased also with increasing speed. 
A resonance effect was observed which seemed not 
to have attained its maximum even at a speed of 
120 km. per hour. A downward movement of 
9-3 mm. and an upward movement of 3 mm. were 
then recorded. With a steam locomotive, the 
experimental runs gave only downward move- 
ments ; 9-5 mm. for speeds from 5 to 30 km. per 
hour and 8 mm. for speeds higher than 45 km. per 
hour. The remarkable difference between these 
results undoubtedly was ascribable to the difference 
in the intensity and distribution of the wheel-loads 
of the two kinds of traction. Undulation move- 
ments were strongest on the outside of the roadbed, 
slightly less in the axis of the track, and practically 
zero on the outside of the track not in use. 

Ir. Cuperus then described the measures taken to 
stabilise the embankment near Gouda. Settlement 
records showed the part between km. 29-350 and 
km. 29-800 to be exceptionally bad, one picket 
settling 11 cm. in ten months of 1936; but the 
undulatory movements were most pronounced 
between km. 29-075 and km. 29-350 and it was 
decided to use this stretch as a test section for 
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three different methods of stabilisation. The first 
method was to fill the ditches parallel with the 
embankment with sand, at a slow rate, to prevent 
loss of equilibrium. The sand was added in layers, 
the rate of filling being determined by the increase 
of pore-pressures in the cohesive soil layers. In the 
second method, the ditches were similarly filled 
with sand, laid upon a bed of prefabricated fascine- 
work to give a more even distribution of the sand 
load on the subsoil. The third method was to 
dump the sand at a fast rate, in order to replace 
the soft subsoil to the largest extent possible by a 
more rigid kind of soil, ie., sand. The first and 
second methods were intended to broaden the 
embankment without the risk of a loss of equili- 
brium. The third method was designed to disturb 
the equilibrium of the cohesive soil layers by pene- 
trating them with sand. Depending on the sudden- 
ness and the extent of the subsidence, the forces of 
inertia might be considerable, thus endangering 
the stability of the existing embankment. Hence 
the risks of execution involved were much greater 
than with the first and second methods ; the effect 
depended on the extent of lateral confinement of the 
soil layers under the original embankment. 

Other methods of improvement were considered, 
such as the use of a reinforced-concrete slab resting 
on a pile foundation, and the construction of coffer- 
dams, as employed on the Gouda-Rotterdam section 
in 1930, but both plans were abandoned, the 
latter on account of the expense involved. 

The filling sand for the first of the three test 
sections was hauled by train and dumped immedi- 
ately after unloading. Pore-pressure meters, in- 
stalled before the works started, were read during 
the dumping of the sand and dumping was continued 
until a certain predetermined maximum pressure 
was reached. A period of rest followed, to let the 
pressure decrease sufficiently, then the filling was 
resumed ; thus a gradual consolidation of the clay 
and peat layers could be obtained without loss of 
equilibrium. The method followed with the second 
section was fundamentally the same, with the 
exception of the placing of the fascine-work. To 
obtain a gradual penetration of sand in the ditches 
of the third section, they were dredged down to 
2-50 m. below ground-water level by two draglines 
working simultaneously at both sides of the embank- 
ment. The dredging was immediately followed up 
by filling with sand. A level of 2 m. above ground- 
water level having been reached, the disturbance 
of equilibrium started, being followed by heaving 
of the adjoining peat layers ; penetration took place 
at both sides and simultaneously. As a special 
precaution, sheet piles about 3 m. long were driven 
along the embankment. The fill was raised to 
about 2 m. above top rail level and left for three 
months. A trench was dug between the sheet piles 
and the existing embankment to a depth of about 
2 m. and filled up with sand to unite existing em- 
bankment and the fills. During this work, a great 
number of measurements were made of the vertical 
and horizontal movements of the embankment and 
the pore-pressures in the subsoil, to ensure con- 
tinuous control of the behaviour of the roadbed. 

The third part of Ir. Cuperus’s lecture dealt with 
the undulation phenomena and the method of their 
prevention. After describing the special apparatus 
used to record the undulatory movements, he 
discussed the measurements in detail. Three trials 
were made in September, 1938, with Diesel-electric 
trains (two three-car sets) at 120 km. per hour, 
electric trains (also two three-car sets) at the same 
speed, and normal steam trains at 90 km. per hour. 
With Diesel-electric and electric trains, downward 
and upward movements were observed at and 
between the passage of the bogies. The three-axle 
Diesel cars gave the most unfavourable results, 
at a speed of 120 km. per hour, where 15 mm. total 
movement was recorded (12 mm. down and 3 mm. 
up). The movement during the passage of the 
steam locomotive, with its closely-grouped wheel- 
loads, was downward only. The carriages behind 
caused the normal undulation movements, though 
in small degree. Because of the lateral confinement 
by sand dumping, smaller undulatory movements 
were to be expected. Similar trial runs were made 
in October, 1939, at the six measuring points of the 
railroad, and showed an improvement as compared 





with those of September, 1938, the total movement 
being 12-1 mm. at the passage of Diesel trains and 
6-8 mm. with electric trains, at 120 km. per hour ; 
but these magnitudes were considered too high for 
daily operation at this speed. 

Before considering how to reduce the undulatory 
movement farther, a better insight in the trans- 
mission of the undulation to deeper layers seemed 
desirable. Observations at several depths showed 
an increased spreading of the area involved with 
increasing depth and thereby decreasing movements, 
though the peat layer between 4 m. and 7 m. below 
normal level was an exception to this rule. These 
results proved that the extension of the area 
submitted to the pressure in the upper soil layers 
would reduce the resulting undulatory movements. 
Of two possibilities, namely, the raising of the 
roadbed and the insertion of a rigid slab under the 
tracks, the second method was chosen. It was 
carried out with the so-called “slick slag,” a product 
of the blast-furnaces at Ymuiden, which had the 
advantages that settling ‘began after some days’ 
interval, hardening continued over several years, and 
the material had a low specific gravity; thus it 
could be mixed in the factory, taken to the site in 
railway trucks, and finally worked under the 
tracks, where it would set under the continuous 
loading and unloading by passing trains. The low 
specific gravity was an advantage, as the subsoil 
did not allow the use of heavy material; the bulk 
weight of the moist hardened material was 2 tons 
per cubic metre. A trial section of 25 m. of slab 
at the worst part of the stretch gave favourable 
results. The slab was constructed over the entire 
length of the worst stretch (300 m.) to a width of 
8 m. and a thickness of 80 cm. in the middle and 
60 cm. at the sides. Longitudinal and transverse 
steel reinforcements were inserted, and the slick-slag 
was tamped thoroughly between and beside the 
sleepers. A layer of 20 cm. of sand was then laid 
and ballasted. All this work was done in the 
intervals of the normal train services. The com- 
pressive strength amounted to 65 kg. per square 
centimetre after ten months hardening, 75 kg. per 
square centimetre after one year, 135 kg. per square 
centimetre after two years, and 160 kg. per square 
centimetre after three years. Tensile bending- 
strength values amounted to 20, 22, 27 and 30 kg. 
per square centimetre, respectively. Trial runs 
made ten months after the construction of the slab, 
in October, 1940, at the same six points of observa- 
tion, showed a reduction of the total undulatory 
movement to 10 per cent. of its initial value. 

Undoubtedly, the first method of filling, at a 
slow rate, was the cheapest. Comparison of the 
expenses for maintenance and upkeep of the three 
projects, however, showed the disadvantage of this 
method of roadbed stabilisation. Continuous set- 
tling, especially at the sides, was to be expected, 
but the addition of a slick-slag slab would lesser this 
disadvantage to some extent. After due considera- 
tion, it was decided to apply the three methods in 
turn, according to subsoil conditions; eventually 
with the insertion of a slab. Stabilisation works 
were continued in 1940, starting near Oudewater 
station. The first 200 m. were executed according 
to the second method (with a bed of fascine-work) on 
account of adjacent buildings. Another bad stretch 
was used for a trial of the first (penetration) method, 
which failed even at a height of fill of 3-50 m. above 
ground-water level ; but, apart from this, the work 
went on satisfactorily and was nearing completion. 
In the centre of the town of Gouda, the roadbed 
was stabilised according to the first method and at 
a very slow rate. Lateral displacements of soil, as 
measured there, were reported in a paper presented 
by Ir. Cuperus at the Conference. 


ProposEeD INTERNATIONAL SocreTy oF SoIL 
Cs. 

Following the lecture, the meeting proceeded to 
discuss the details of a proposal, previously circu- 
lated, to form an International Society of Soil 
Mechanics and Foundation Engineering for the 
purpose of promoting, among scientists and 
engineers, international co-operation and the inter- 
change of knowledge, ideas, and the results of 
research and practical work. These aims would 
be achieved by the organisation of congresses and 
by the publication of annual reports. The head- 
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quarters would be at Harvard University, Cam- 
bridge, Massachusetts, and each member of a 
national society on soil mechanics would be, ipso 
facto, a member of the international society. 

The discussion on the proposed International 
Society for Soil Mechanics, and on matters asso- 
ciated therewith, occupied the remainder of the 
morning session on June 24, and the Conference 
was then adjourned until the afternoon, when the 
proceedings reopened with a lecture by Ir. J. P. 
van Bruggen, Chief Director of Public Works, on 
the construction of the Maas Tunnel at Rotterdam. 
This tunnel was fully described and illustrated in 
an article which Ir. van Bruggen contributed to the 
150th volume of Enervgerine (1940). The lecture 
was followed by a discussion of the papers submitted 
in Sections II and ITI of the Conference programme, 
dealing, respectively, with soil mechanics investi- 
gations in the laboratory and in the field. The 
reporter for both Sections was Mr. W. Kjellman, 
chief engineer of the State Geotechnical Institute of 
Sweden, whose report is summarised below. 

LaBORATORY INVESTIGATIONS. 

It was expected that, under the general title of 
“Laboratory Investigations,” a large number of 
papers would be submitted to the Conference. Mr. 
Kjellman, however, concerned himself mainly with 
the topic of shear strength, one of the subjects upon 
which most of the laboratories have been concen- 
trating for a long time and about which there is 
still a considerable amount to be learned. The 
other topic to which much attention has been given 
in recent years is that of consolidation, but, as he 
pointed out, the methods of determining the con- 
solidation characteristics of a soil specimen had been 
more or less standardised, and test results could be 
applied with confidence to ordinary settlement 
analyses, where, as a rule, only a moderate degree of 
accuracy was required. The phenomenon of second- 
ary consolidation still awaited investigation in 
detail; this was the effect of departure from the 
theoretical curve when approximately 80 per cent. 
of the settlement due to consolidation had taken 
place, and was believed to be due to a gradual adjust- 
ment of the soil structure to stress, combined with 
the resistance offered by the viscosity of the 
adsorbed water layers to a slippage between grains. 
Only one paper was presented on this subject. It 
was by Ing. A. Croce (Italy) and merely recorded 
that a phenomenon similar to this was associated 
with unconsolidated sediments of volcanic origin 
which contained no clays or minerals and, according 
to the grain size, would be classified as fine sand. 
Dr. L. J. Murdock (Great Britain) in his paper, 
“Consolidation Tests on Soils Containing Stones,” 
concluded that the rate of settlement was likely to 
be considerably affected by the presence of stones ; 
but, as the standard apparatus was clearly unsuited 
to tests on such soils, he adapted a triaxial machine 
to avoid the considerable side effects which would 
occur in a large oedometer. 

The methods of determining the shear-strength 
characteristics of a soil sample are, in certain 
respects, different in different countries; in Great 
Britain and the United States, the triaxial test is 
being used more and more in place of the shear 
box. On the Continent, a variant of the triaxial test 
is widely used; this is known as the cell test and 
differs from the triaxial test as used by British 
investigators in that the same sample is made to 
fail consecutively at different lateral pressures, to 
obtain great numbers .f Mohr circles. In the 
discussion, this test came in for much criticism, Mr. 
H. Q. Golder (Great Britain) pointing out that it did 
not measure a fundamental soil property, the results 
being a function of the rate of stress and the permea- 
bility of the given sample. Clearly, also, there was 
an effect similar to remoulding after the first failure 
which, if the clays were sensitive, would lead to an 
apparent negative angle of friction: there must 
also be considerable errors due to the very thick 
walls of the rubber membrane used to enclose the 
specimen. Mr. Golder and Professor A. W. Skemp- 
ton (Great Britain), in their paper on “‘ The Angle of 
Shearing Resistance in Cohesive Soils for Tests at 
Constant Water Content,” described in detail the 
technique employed for the immediate triaxial 
test in this country. Their tests showed that all 
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ance of zero where no water change was allowed to 
occur under the applied stress. All partly-saturated 
clays, however, had an angle of shearing resistance 
always greater than zero, and the same was true 
with clay-shales and siltstones. In the latter case, 
this might be due to an appreciable area of contact 
between the grains. Some saturated silts were 
found to have an angle of shearing resistance greater 
than zero even when tested under conditions of no 
water change. The authors suggested that dilatancy 
may be the reason, since this would cause an increase 
in effective pressure due to a decrease in the pore- 
water pressure. In another paper, entitled ‘“‘A 
Study of the Immediate Triaxial Test in Cohesive 
Soils,” Professor Skempton showed that the inclina- 
tion of the shear planes in a compression specimen 
of cohesive soil was a function of the angle of internal 
friction and was independent of the angle of shearing 
resistance, which was a non-directional property. 
For saturated clays, stressed under conditions of no 
water-content change, he evaluated the pore-water 
pressure in terms of the applied stresses and the 
ratio of expansibility to compressibility of the clay 
structure. Knowing the pore-water pressure, either 
from the theoretical expression or by direct measure- 
ment, the compression strength of a saturated clay 
in the triaxial test could be expressed in terms of 
the true cohesion of the clay at the water content 
of the test specimen. Professor D. W. Taylor 
(United States), in his paper on ‘‘ Shearing Strength 
Determinations by Undrained Cylindrical Compres- 
sion Tests with Pore Pressure Measurements,” 
presented interesting results obtained in the con- 
solidated quick triaxial test, showing that the 
shearing strengths depended on the ratio of the 
principal stresses under which the soil was consoli- 
dated before the shear occurred. For rational 
predictions of shearing strengths for this case, data 
on pore pressures were therefore essential. Professor 
A. Casagrande and Mr. W. L. Shannon (United 
States) submitted a paper on the “ Strength- 
Deformation and Strength Characteristics of Soils 
Under Dynamic Loads.” Research on this subject 
was undertaken in connection with the investiga- 
tions on the stability of the side slopes of the Panama 
Canal under the effects of bombing. The strength 
of clay was found to increase with decreasing time 
of loading, the transient strength for the fastest 
tests in their investigations being from 1} times to 
twice the static strength, whereas, for sand, the 
maximum increase was only about 10 per cent. 

One of the most interesting papers in the sub- 
section on ‘‘ Direct Shear Tests ” was presented by 
Mr. A. W. Bishop (Great Britain) and described a 
large shear box, 12 in. square, which he had designed 
in order to determine the shearing characteristics of 
gravels to be used in a rolled-fill dam. This, it was 
stated, was the first time that these properties had 
been measured accurately ; previously, the values 
used in connection with coarsely granular soils had 
been estimated approximately. The results showed 
that a sandy gravel could have an angle of friction 
as high as 50 deg. Dr. Ing. W. Steinbrenner 
(Austria), in his paper on “Shearing Tests on 
Cohesive Soils,” described a portable field apparatus 
for measuring the shear strength on remoulded 
cohesive soils. The main use of this apparatus 
seemed to be as an aid to soil classification in con- 
junction with moisture content. 

Dr. Ing. Leo Casagrande (Great Britain), in a 
paper on “ Electro-Osmosis,” showed that the 
electro-osmotic flow of water brought about when 
a direct current was passed through a saturated soil 
could be represented by an equation similar to 
Darcy’s Law. From the results of laboratory 
investigations, he concluded that the quantity of 
flow did not vary considerably in view of the great 
difference in the soil materials tested ; these ranged 
from a highly active clay with a liquid limit of 
600 per cent. to a ground quartz sand. The osmotic 
flow does not seem to take place through the 
individual pores of clay size or less, but through 
fissures which developed throughout the soil 
between the electrodes, even under a small potential 
gradient. This movement led to the development 
of a hydraulic pressure which was the same for all 
soils containing more than a certain percentage of 
colloidal particles. Dr. Casagrande concluded that, 








fully saturated clays had an angle of shearing resist- 
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higher than the hydraulic permeability for many 
soils, it was not sufficient to make the consolidation 
of soils within a brief period a commercial proposi. 
tion ; nevertheless, as he pointed out, the fact that, 
by these means, it was possible to divert the flow 
of pore water away from unstable slopes and cut. 
tings made its use in this manner a valuable and 
highly economical method for earthworks and 
foundation engineering. Professor R. F. Dawson 
and Mr. R. W. MacDonald (United States) submitted 
a paper on “ Some Effects of Electrical Current on 
the Consolidation Characteristics of a Soil,” in which 
they reported the preliminary results of an investiga. 
tion using only a single remoulded soil. It was 
found that, by applying the current before loading 
the soil, the total consolidation of the sample was 
reduced and it entered immediately into secondary 
consolidation ; it was thought that this might provide 
a method of investigating secondary consolidation, 
Fretp INVESTIGATIONS. 

Various types of sampler were described in papers 
submitted in the sub-section on “ Boring and 
Sampling.” Mr. A. Mortensen (Denmark) gave 
details of a new sampler for cohesive soils which 
could be used also for a bearing test in cohesionless 
soils by means ofa piston housed inside the cylinder. 
Mr. O. Wager (Sweden) described a sampler suitable 
for hard ground. A thick-walled tube with closed 
end was driven into the ground and, when in position, 
it was rotated and soil was forced into openings at 
various depths. The sampler, he said, had proved 
useful in determining the presence of clay in a gravel 
esker. Mr. W. Kjellman and Mr. T. Kallstenius 
(Sweden) described a core-extractor which could 
take very long continuous and undisturbed cores 
from any soil which was not too hard and was finer 
than gravel. Cores over 65 ft. in length, it was 
stated, had been taken with this device. Mr. J. D. 
Parsons (United States), in his paper on ‘‘ Sample 
Disturbance and its Effect on Analytical Solutions 
to Soil Problems,” explained that it was impossible 
to get truly undisturbed specimens of soil because 
of the change in stress as a result of their removal 
from the ground ; but the effect of the change might 
be evaluated. 

Ir. J. L. A. Cuperus (Netherlands) contributed 
to the sub-section on Measurement of Special Soil 
Properties a paper, ‘‘ Permeability of Peat by 
Water,” in which he described how this property was 
measured in situ by driving a tube into the ground. 
At the bottom of the tube a filter was connected and, 
at the top, a pressure gauge ; so that, by filling the 
tube with water, direct readings of hydrostatic 
excess pressure could be measured, from which the 
permeability could be deduced. Mr. L. Carlson 
(Sweden) presented an important paper, entitled 
“Determination in situ of the Shear Strength of 
Undisturbed Clay by Means of a Rotating Auger,” 
which evoked much discussion. In it he described a 
method of determining shear strength by pushing a 
simple vane ahead of an auger hole and then 
measuring its resistance to rotation. The actual 
shear strength of extremely sensitive clays, he 
claimed, which even a well-designed sampler had 
been shown to disturb, could be measured accurately 
by this instrument. Clays which, from tests on 
laboratory samples, had shown no increase of 
strength with depth, displayed a marked increase 
with the in situ method, this latter being in agree- 
ment with the actual strength as calculated from 
slides that had occurred in the same soil. Mr. K. 
Hoshino (Japan) described the pycnometer method 
of rapid determination of moisture contents, 
showing how the method was used to determine the 
distribution of soil water in an embankment. Ir. G. 
Plantema (Netherlands), in an interesting paper 
entitled ‘‘ Construction and Method of Operation of 
a New Deep-sounding Apparatus,” gave particulars 
of the deep-sounding cone referred to on page 209, 
ante; and Mr. J. Vermeiden (Netherlands), Head 
of the Department of Field Investigations at the 
Soil Mechanics Laboratory at Delft, gave further 
details of the different types of apparatus in use at 
that Laboratory. Mr. 8. Stump (Switzerland) 
described a similar cone in which the bearing 
resistance was estimated from the set under a falling 
weight, and the adhesion from the separate casing. 

In the sub-section on “‘ Measurements of Pressures 
and Deformations,” Ir. T. K. Huizinga (Netherlands) 
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dese iescribed in detail the apparatus referred to above 
for measuring pore-water pressures, as used by the 
Delft Laboratory, of which he is the Director. Mr. 
M. G. Speedie (Australia) presented a paper on 
‘Experience Gained in the Measurement of Pore 
Pressures in a Dam and its Foundation,” describing 
the use of a pressure cell placed in the lower part of a 


tube to measure pore-water pressure; Ir. R. G. 
Boiten and Ir. G. Plantema (Netherlands), however, 
measured this property with electrical strain gauges, 
placed in the same way. It seems doubtful whether 
the last-mentioned system can be relied upon for 
measurements Over a long period of time, although, 
in the discussion, Ir. Plantema said that they had 
been in use for six months without showing zero 
error or any need for re-calibration; dryness, 

he suggested, appeared to be the explanation of 
this. Mr. J. M. Griffith and Mr. E. H. Woodman 
(United States), in their paper on “ Instrumentation 
for Field Measurements of Deflections and Pressures 
for Airport Pavements,” described the operation 
and installation of an earth-pressure and deflection 
gauge used by the Waterways Experiment Station 
at Vicksburg, Mississippi, in measuring stresses 
and strains in flexible pavement structures under 
standing and moving wheel loads and under plate- 
bearing loads. Professor D. W. Taylor (United 
States), in the discussion, gave further details of 
this pressure cell and spoke of the various difficulties 
encountered when using it. Sufficient readings had 
to be taken to give a statistical average, he said, as 
the scatter was generally considerable ; and correc- 
tion must be made to allow for the effect of the 
rigidity of the cell. The soil around the cell must 
also be carefully compacted since, if it were too loose, 
there would be arching and subsequent low readings ; 
if too tight, the readings would be too great. 

Some of the reports on vibrational research dealt 
with dynamic methods of soil investigation in the 
field. In the seismic method, vibrations propagated 
through the surface soil layers were studied in com- 
parison with those propagated through and reflected 
from deep layers. Mr. H. J. Oosterbeck, jun. 
(Netherlands), in his paper on ‘Soil Vibrations,” 
showed how the results might be used to compute 
approximately the thickness and stiffness of the 
different layers. Another method consisted in 
observing the surface vibrations only and in com- 
puting from these the stiffness of the surface layers. 
Professor G. P. Tschebotarioff and Mr. E. R. Ward 
(United States) dealt with such problems in their 
paper entitled ‘‘ The Resonance of Machine Founda- 
tions and the Soil Coefficients which affect it.” Mr. 
Kjellman said, in his general report, that the method 
was used in Sweden for determining the soil stiffness 
to be used in runway pavement design. 

In recent years, aerial phy has been used 
for purposes connected with soil mechanics studies. 
By scrutinising on the photographs the shape and 
colour of the soil surface and also the vegetation, 
the expert can draw certain conclusions about the 
nature of the surface soil layer down to a depth of a 
few feet. For regions where no geological map 
exists, the method can be of use in connection with 
projects covering a great horizontal distance such 
as highways. Mr. A.C. Ely, district engineer of the 
New Jersey State Highway Department, described 
its use and its limitations in the State of New 
Jersey in the preparation of engineering soil and 
drainage maps. Experience indicated, he stated, 
that soil variations which were barely discernible 
in air photographs would show slight but conclusive 
differences in laboratory tests ; and, for this reason, 
it was desirable that mapping by aerial photography 
should precede field sampling, being used as a means 
for selecting suitably typical sample locations, Mr. 
Kjellman, in his summary of the papers in Section 
Ill, thought that the method certainly would be 
useful for preliminary surveys of extensive projects 
such as highways and airfields, in regions for which 
no geological maps were available. 

The consideration of Section III concluded the 
technical business of June 24. The evening of that 
day was devoted to a reception by the Burgomaster 
of Rotterdam (Mr. P. J. Ord) in the City Hall, 
followed by a dinner and concert, by invitation of 
the Municipality. 


(Zo be continued.) 


THE MACHINE TOOL AND 
ENGINEERING EXHIBITION 


AT OLYMPIA. 

(Continued from page 249.) 
Tue Machine Tool and Engineering Exhibition 
closed at Olympia last Saturday, September 11, 
and in this issue of ENGINEERING we continue our 
account of some of the exhibits. The Machine Tool 
Trades Association state that there were 123,285 
visitors to the exhibition, of whom some 52,000 paid 
for admission at the door. Although it has not yet 
heen possible to form a reliable estimate of the 
business which has accrued to the exhibitors, there 
appear to have been many genuine inquiries, 
especially from overseas visitors. 
Messrs. H. W. Ward and Company, Limited, 
Dale-road, Selly Oak, Birmingham, 29, exhibited 
their complete range of capstan and combination 
turret lathes, including three lathes with some novel 
features. The No. 7 “ Tripset ” combination turret 
lathe, to which we refer in detail below, can be 
pre-set to a complete cycle of speeds and feeds ; 
the No. 7 “‘ Prelector” combination turret lathe is 
similar to the well-known Ward No. 7 lathe, but is 
fitted with one lever and two pre-setting dials, which 
give 12 spindle speeds through sliding gears operated 
by hydraulic cylinders; and the No. 2c capstan 
lathe, to which we also refer in detail below, is an 
improvement on the older No. 24 capstan lathe. 

The Ward No. 7 “ Tripset ” combination turret 
lathe, which is illustrated in Fig. 61, on page 270, 
has the same bar and chuck-work capacity, and 
uses identical and interchangeable chucks and 
tooling equipment as the standard and “‘ Prelector ” 
No. 7 lathes. The diameter of the hole through 
the spindle is 2§ in. ; the maximum swing over the 
bed covers is 16 in.; and the maximum distance 
between the spindle flange and the faee of the 
turret is 43 in. The new feature of the machine 
is the automatic hydraulic control to all the head- 
stock speeds and the feeds to both saddles and the 
cross-slide._ There are eight spindle speeds in both 
directions, from 50 r.p.m., to 1,063 r.p.m., and ten 
feeds to each saddle, from 13 to 270 spindle revolu- 
tions per inch of traverse. It is possible to pre-set 
a complete cycle of speeds and feeds in which any 
six of the spindle speeds can be combined with any 
six of the feeds to either saddle. The speeds and 
feeds are set by means of sliding triggers mounted 
in a control panel in the headstock, and a glass shield 
can be locked to prevent unauthorised tampering. 
After the machine has been set, the operator simply 
pulls the lever on top of the headstock from left to 
right to obtain each change from one speed-and-feed 
combination to the next. At the end of the cycle 
the machine is stopped automatically. The spindle 
speeds are obtained through constant-mesh gearing 
and multi-dise friction clutches, and the feeds are 
obtained by the hydraulic action of pistons, which 
move sliding-key shafts through the gears to the 
required positions. The weight of the lathe is 
approximately 6,072 Ib. 

The Ward No. 20 capstan lathe, which is illus- 
trated in Fig. 62, on page 270, provides an increased 
distance—6} in. instead of 54 in.—of the centre 
above the bed, as compared with the No. 2a lathe. 
This increase allows the use of larger chucks, tool- 
holders and die-heads. A 3-h.p. or 4-h.p. two-speed 
motor is built into the lathe, together with electrical] 
control gear. The headstock is driven through a 
single pulley by V-belts, and there are 12 speeds in 
each direction, from 48 r.p.m. to 2,041 r.p.m. When 
arranged for bar work, the lathe is fitted with either 
a l}in. or 1}-in. automatic chuck. The machine 
weighs approximately 2,250 lb. 

Messrs. Charles Churchill and Company, Limited, 
Coventry-road, South Yardley, Birmingham, showed 
some interesting machines and accessories from the 
United States, Switzerland and this country. A 
Goss and de Leeuw automatic chucking machine 
is particularly adapted to boring, tapping, etc., 
two or three ends of-a cock or gate-valve body ; the 
work is not rotated, but is moved to three different 
positions in turn, for the various machining opera- 
tions by rotating tools. A Hall planetary milling 





machine employed a novel principle of machining. 


It will mill threads or circular forms by means of a 
cutter, which rotates in the normal way and also 
simultaneously in a planetary fashion, that is, its 
axis moves round. Thus, a bush which is to be 
bored, to several different diameters is placed over a 
cutter with several diameters, the bush is held sta- 
tionary by a chuck, and the rotating cutter is fed 
radially outwards until it has reached the correct 
radius, when it moves round and bores the bush. 
The accuracy on the machined diameter is 0-00025 
in. A 1-in. six-spindle automatic lathe made by 
the Cone Automatic Machine Company, Incor- 
porated, provides a wide range of feed and speed 
combinations; and a 5-in. single-spindle machine 
made by the same firm has been introduced recently. 
Churchill-Redman machines exhibited included a 
large shaping machine, a hydraulically-operated 
lathe, and a tool-room lathe. A _ British-built 
Churchill-Cleveland hobbing machine embodied a 
number of interesting features. 

Among the smaller exhibits, Messrs. Charles 
Churchill showed abrasive belts made by Durex 
Abrasives, Limited, Arden-road, Adderley Park, 
Birmingham, 8, which are particularly suitable for 

grinding and finishing i surfaces; and a 
novel type of collet chuck, made by the Jacobs 
Manufacturing Company, Hartford, 2, Connecticut, 
U.S.A. The chuck consists of a number of small 
pieces of plate, tapered in shape, and disposed 
evenly around the bar or other workpiece; each 
plate is pressed on to the workpiece by its edge, 
and the plates are separated and held together by 
bonded rubber. A collet action on the outer edges 
of the plates causes the inner edges to bear on the 
workpiece. 

The Churchill-Redman 12-in. swing hydraulic 
centre lathe, which is illustrated in Fig. 63, on 
page 271, has been introduced recently ; it provides 
infinitely-variable spindle speeds from 95 to 800 
r.p.m., and carriage feeds from } in. to 12 in. per 
minute. The chuck and tailstock are also operated 
hydraulically, and there is a hydraulic interlock 
to ensure that the chuck does not open when the 

spindle is revolving. The maximum distance 
between centres is 30in. The bed is in two sections : 
a lower bed, housing the hydraulic unit, and an upper 
bed having ways inclined at an angle of 25 deg. 
towards the rear, to ensure that the resultant of 
the cutting forces is at right angles to the ways. 
It also facilitates the disposal of swarf. The 
maximum allowable horse-power of the main motor 
is 15, and the hydraulic motoris 1}h.p. On engag- 
ing the hydraulic-feed control lever for the carriage, 
the tool is fed automatically to the correct depth, 
at which point the hydraulic feed comes into opera- 
tion ; at the end of the feed the tool is automatically 
withdrawn and the carriage is returned to the 
starting position by a quick power traverse. Adjust- 
able trip stops determine the length of the carriage 
traverse. The machine weighs approximately 
82 cwt. 

The grinding equipment exhibited by Messrs. 
A. A. Jones and Shipman, Limited, Narborough- 
road South, Leicester, included a 10-in. by 27-in. 
precision grinding machine, in which the table 
traverse, feed, and backslide motions are hydrau- 
lically operated, and the work speeds are electroni- 
cally controlled. An outstanding feature is the 
accuracy with which the reversing point of the 
traversing table can be maintained; it is claimed 
that, once this point has been set, it will remain 
within 0-001 in. of its initial position regardless of 
any change in traversing speed. Arrangements are 
incorporated for shockless reversing during shoulder 
grinding, and for automatic sizing. Another 
important feature is the ease with which the various 
controls may be set and coupled together to enable 
the machine to be operated by a single control. 
The machine, a photograph of which is reproduced 
in Fig. 64, on page 271, has a cast-iron bed of 
fish-back design, which is fully triangulated and 
strongly ribbed. The bed rests on three ball- 
mounted feet, provided with screw-jack height 
adjustment ; its top supports the traversing table, 
and is sufficiently long to prevent the latter from 
overhanging at the end of its maximum traverse. 
A hinged panel at the front opens downwards to 
release a collapsible seat, and in the bed co: 
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the electrical contactors and main control gear ; 
these are mounted on sliding trays for ease of 
maintenance, and each compartment is fitted with 
key-locked doors. 

The traversing table travels on V and flat slides, 
which fully support the table throughout its com- 
plete stroke ; the slides are pressure-lubricated, and 
are covered by guards which, by travelling at half 
the speed of the table, reduce the working space 
required. Deep guards also protect the table slides 
at the front of the machine. The upper or work 
table, which supports both headstock and tailstock, 
is arranged for flush fitting on the traversing table ; 
it can swivel through +6 deg., and allows for sine- 
bar setting. Fitted to the tailstock is a lever and 
ratchet device enabling the dead-centre to be 
readily adjusted and clamped. The speed of the 
hydraulically-operated traversing table can be 
infinitely varied from 2 in. to 20 ft. per minute ; 
traverse can be reduced to 0-02 in., the reversing 
being smcoth at all speeds and stroke lengths. 
The traversing handwheel is automatically dis- 
engaged when the table is being power-driven, but 
is re-engaged when power is cut off or stopped. 
A fine hand traverse is also fitted for shoulder 
grinding. Various forms of workhead can be sup- 
plied, but this particular machine was equipped 
with a fixed-base type. This houses a direct-current 
motor which drives the main spindle at speeds 
infinitely variable between 34 r.p.m. and 340 r.p.m., 
speed being adjusted by turning a small knob. The 
self-contained electronic unit for effecting this 
control incorporates rectifying and gas-filled valves 
(Thyratrons) and ensures a practically steady speed 
for a given setting ; any tendency for the speed to 
vary is automatically made to adjust the armature 
voltage accordingly. 

The hydraulically-operated feed can be applied 
with the traversing table moving or stationary ; 
it can be applied automatically or intermittently 
at each end of table stroke, or intermittently 
throughout the stroke. The backslide is roller- 
mounted within a sheet-metal structure, and is 
designed to carry grinding wheels up to 18 in. 
diameter by 4 in. wide. Linear accuracy is ensured 
by the use of a guiding channel located above and 
close to the cross-feed screw. A 5-h.p. alternating- 
current motor drives the wheel-head through 
V-belting and cone pulleys at speeds of 1,200 r.p.m. 
or 1,700 r.p.m. The coolant nozzle is integral with 
the wheel guard, an extension of which covers 
the coolant and hydraulic piping as well as the 
electrical wiring to the motor. A visor automatically 
swings up to meet the guard and cover the grinding 
wheel when the latter is withdrawn from the work. 
The coolant liquid is provided with magnetic and 
mesh filtering, and is contained in a wheel-mounted 
settling tank at the rear of the machine. The unit 
for supplying the oil for lubricating and hydraulic 
purposes is similarly mounted ; it is also equipped 
with magnetic and mesh filters, as well as a pressure 
indicator which can be switched to either the 
lubricating or hydraulic systems. All the various 
controls are within easy hand reach of the operator, 
whether he be seated or standing; a foot control 
is also fitted. Push-buttons and selector switches 
for the electrical controls include a master switch 
and are mounted, together with indicating lamps, on 
a vertical panel which can be swung round to any 
convenient position. The complete machine weighs 
about 3 tons, and covers a floor area approximately 
10 ft. 6 in. long by 5 ft. wide. 

Messrs. David Brown Machine Tools, Limited, 
Britannia Works, Sherborne-street, Manchester, 3, 
were exhibiting for the first time since the firm 
changed its name from Muir Machine Tools, Limited, 
on entering the David Brown organisation. The 
machines exhibited included the MT 15 moving- 
table hobbing machine, the design of which has 
been recently “cleaned up”; the MT30 and 
MT 60 gear-hobbing machines; and the No. 12 
relieving lathe for the teeth of hobs, cutters, taps, 
etc. The most recent addition to the firm’s range 
of machine tools is the S25 gear-shaving machine, 
which is illustrated in Fig. 65, on page 276. It will 
rapidly shave gears from 3 in. to 25 in. in diameter 
by either the “crowding” or “single-sided ” 
method. The illustration shows the machine 
without either the cutter or a gearwheel; the gear- 
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wheel is carried with its axis vertical at the right- 
hand side of the machine, and the cutter is supported 
by the main head, with its axis approximately 
vertical. 

The bed of the machine supports the work-stay 
at one end and a traversing cutter-head column 
at the other end, mounted on horizontal flat guide 
ways and traversed by the handwheel in front 
of the machine. The work spindle is driven; the 
cutter is fed into the workpiece and rotated by it. 
The serrated teeth of the cutter are formed slightly 
obliquely, and the cutter is fed vertically along an 
axis inclined to the axis of the work spindle in order 
to distribute the contact along the face of the cutter 
and so to reduce cutter wear. The cutter can be fed 
automatically or by hand into mesh with the gear, 
and the number of passes of the cutter along the 
face of the gear can be set to a predetermined 
figure by means of an automatic cycle control 
which stops the machine on completion of the cycle. 
The rate of vertical traverse of the cutter is selected 





by change-wheels to suit the speed of the work. 
The work spindle has a flanged upper end which 
acts as a table for mounting work-stands. It is 
driven by a constant-speed 3-h.p. motor through 
worm gearing to a change-speed gearbox. The range 
of spindle speeds is from 60 r.p.m. to 540 r.p.m., to 
give a linear work speed of 400 ft. per minute. The 
final drive to the spindle is by single-helical gears. 
The automatic in-feed mechanism, housed at the 
rear of the bed, comprises a cam and ratchet mechan- 
ism which rotates the in-feed screw slightly at each 
reversal of the vertical traverse of the cutter. 
“* Idling ” passes can be made to give an extra fine 
finish. The cutter head, mounted on vertical ways, 
carries a slide which will accommodate a 10-in. 
diameter shaving cutter; the slide can swivel 
and is set accurately by a scale and vernier. An 
automatic crowning and chamfering device feeds 
the cutter radially into mesh with the work during 
the traverse of the cutter across the gear teeth. 
The maximum width of the cutter is 1} in., and the 
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The head of the broaching tool is inserted in a 


THE MACHINE TOOL AND ENGINEERING EXHIBITION. | holder mounted on a vertically-sliding carriage 


known as the upper slide or tool-handling carriage. 
This is operated by two hydraulic rams at the top 
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of the machine ; the position of the holder on the 
slide can be adjusted vertically by screw to allow 
for different lengths of broach and of stroke. A 
tool puller, for gripping the lower end of the broach 
after it has been pushed down through the workpiece 
on the horizontal work-table, is mounted on the 
lower end of the centrally disposed main slide. The 
upper portion of this slide is clearly seen in Fig. 67. 
For semi-cycle operation, the workpiece is roughly 
located in a removable holder screwed to the work- 
table. It is automatically centred as the tool- 
handling carriage inserts the broach and as the latter 
is gripped by the tool puller. Both slides move 
down together as the work is broached, the tool 
being firmly held at both ends during the major 
portion of the cutting stroke. Before this is finished, 
the carriage releases the broach, which continues to 
be drawn through the work by the main slide. When 
the tool has been pulled right through, the main 
slide stops; the semi-cycle is then completed and 
the work can be removed by hand. A second touch 
on the two push-button heads causes the main 
slide to move upwards to re-insert the broach into 
CARLES CHURCHILL AND ComPANY, LIMITED. | +16 tool-handling carriage, after which both slides 
move upwards together. The main slide stops when 
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the tool puller reaches the work-table ; the carriage 

continues upwards, and lifts the broach clear of the 

work-table before stopping in the loading position, 

and completing the full cycle. Stroke length can 

be varied by altering the position of adjustable cams 
mounted on the left-hand side of the main slide, 
and a switch, operated by a knee-bar, provides emer- 
gency stopping at any instant. The push-button 
heads used for initiating each stroke during semi- 
cycle operation are supported in steel stems which 
project over the work-table ; those used for direct 
control are mounted on a small panel on the right- 
hand side of the machine, and a rotary switch at the 
top of the panel selects the control required. The 
weight of the machine is about 44 tons. It is de- 
signed for cutting speeds up to 15 ft. per minute, the 
upward stroke being variable up to 70 ft. per minute. 

Messrs. A. C. Wickman, Limited, Tile-hill, 
Coventry, showed a large selection of British and 
imported machine tools. The Swiss machines 
included a Hauser combination jig-boring and jig- 
grinding machine, type 2SB, which has a drilling 
capacity of gs; in. to % in., a boring capacity, using 
a special tool, of 2 in., and a maximum grinding 
diameter of 3 in. This is a small pedestal machine, 
with a slide that can be located to within 0-00015 in. 
A Webster and Bennett 36-in. vertical boring and 
turning mill has hydraulic control of the main driv- 
ing clutch and brake, speed change, feed-rate 
change, and the selection of feed and rapid traverse, 
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maximum travel is 12} in. The net weight of the 
machine is approximately 95 cwt. 

Messrs. John Holroyd and Company, Limited, 
Milnrow, Lancashire, exhibited a thread-milling 
machine, which is described below ; a woodworker’s 
tool-grinder; a slab-milling machine; and an 
oil-grooving machine for internal or external 
grooves on bushes, shafts, etc. The thread-milling 
machine, which is shown in Fig. 66, on page 276, 
has been designed for milling multi-start external 
threads by a single cutter, 2 in. to 2} in. in diameter, 
the operation being semi-automatic. The work- 
piece is placed on a mandrel held between the 
centres of fast and loose headstocks, which are 
mounted on a traversing table. The pitch and the 
number of starts are controlled by cams. The 
cutter head is driven by a 1-h.p. motor running at 
1,430 r.p.m., slip change-gears being provided for 
varying the cutter speed. The spindle is of 
hardened steel running in phosphor-bronze bearings, 
with ball thrust washers to take the end thrust ; 
it can be swivelled to suit the angle and hand of 
the thread. The head and backing-out motion 
is provided by a 3-h.p. motor, and slip change-gears 
are used for varying the rotary feed of the work. 
The machine weighs approximately 18} cwt. 

Among the exhibits of Messrs. Weatherley Oilgear, 
Limited, Crossley-road, Heaton Chapel, Stockport, 








exhibited was equipped with a profile-copying 
attachment in which a stylus following a template 
caused the tool-head to rise and fall as it was fed 
across the work. Thenew Wickman bar and chuck- 
ing automatics are provided with five spindles in- 


were various types of hydraulically-operated ma- 
chines for hole and surface broaching, as well as 
those for plastic moulding. A aps, of se 
of their exhibits, a 30-in. stroke, type “ ” vertica: J . 
machine for hole broaching, is reproduced in Fig. 67, a of the oye ay i setting-up have 
on page 276. The machine is designed to accom- Th ore ° q-in rn erve« gr PA a 
modate broaching tools up to 3 ft. 6 in. in length, | “4 ney Fic. 68. ee pag: ma a ch is 
and it can be set either for semi-cycle or for direct fat ih 2 int it a fo one OF a range 
control. In the former case, the downward cutting | ®* S¥¢ f pace + Bak 2 igned for rapid produc- 
stroke is initiated and automatically completed | “0? ° yp erage on —— — 
after simultaneously touching the two heads of a eo ae pees co ce ors 9 = = 
dual-type push button ; this arrangement ensures sag fed radially nstruments, etc. Lhe ty too 
that the machine is not operated by the accidental | °™ e Ans rene as required, by cams, 
touching of one of the push-button heads. A ge bw tock is fed rosea A $ ayo head- 
second touch initiates and completes the upward oe Dae an ; ded f ormed and Stoel 
stroke, thereby restoring the broach to the loading | Meter adjustment is provided for oneae e. Son 
position. Direct control, which is also effected by |* oe A fF th a eg i 9g ag — 
push-buttons, enables the broach to be inched, and att a ™ oe : . eb . — ut longer 
to be started and stopped at any point in its upward “sa high ——— drilli y & steady bush. Attachments 
or downward stroke. The main structural com-|£F high-speed drilling, screwing and slotting may 
ponents, including the work-table bracket, are be — ara bens ons the cycle of operations, 
fabricated from welded steel plates. Hydraulic Th pa 4 eae. ae gerry a the 
power is obtained from a piston-type pump, coupled ve dard oe 2 to . -§ nee ag ae and the 
to a 74-h.p. electric motor running at about 970 jpn fe gory pagan ce , Me —_ 
r.p.m. V-belts from a pulley on the motor shaft | 77, : pete ae “9 i e —_— 
drive the coolant pump, the coolant being contained | “°° op ae Hesse cycle times is 1-8 
in three settling tanks. The motor and pump are | *°°07@S ‘© © minutes. 

housed at the rear of the machine. (To be continued.) 
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SINGLE-DECK TROLLEY-’BUS 
CHASSIS FOR OVERSEAS. 


A TROLLEY-’BUS chassis designed specifically for the 
export market by Messrs. British United Traction, 
Limited, Hanover House, Hanover-square, London, 
W.1, has recently completed its initial road tests. It 
is the prototype of a number of vehicles which will be 
built shortly for Launceston City Tramways, Copen- 
hagen Tramways, Hobart Municipal Tramways and 
Dunedin City Corporation. The vehicle is known by 
the type letters ETB/1 and a general view of the 
prototype chassis is given in Fig. 1, above, while the 
drawings reproduced as Figs. 2 and 3 show the disposi- 
tion of the various units. The frame has been designed 
to accommodate either front, central or rear entrance 
bodies, a suggested body arrangement which employs 
both front and central entrances being illustrated in 
Fig. 6, opposite. Bodies up to 35 ft. in length and 
either 8 ft. or 8 ft. 6 in. wide can be fitted with the 
choice of either left-hand or right-hand control. 

The frame consists of alloy-steel channel-section side 
members which are upswept over the front and rear 
axles. They are tied together by tubular cross mem- 
bers, which are located at the front and rear mountings 
of the springs so that twisting loads on the side members 
are reduced toa minimum. The traction motor is sup- 
ported between the left-hand side member and an 
additional tubular longitudinal member, which runs 
parallel to the right-hand side member. The front 
axle is an I-section alloy-steel beam. It is fitted with 
stub axles swivelling in phosphor-bronze bushes, the 
swivel-pin thrust being taken by hardened steel buttons 
having spherical faces which are fitted at the bases of 
the pins. A Marles cam and double-roller steering box 
is fitted, the box being located on top of the frame. 
The steering ratio is 28-5 to 1, 4-75 turns of the steering 





wheel taking the road wheels from full lock to full lock. 
The minimum turning circle is 62 ft., which, in view of 
the 17 ft. 6 in. wheelbase, represents a creditable 
achievement. This has been accomplished by connect- 
ing the drop arm of the steering box to the front-wheel 
steering arm in two stages, intermediate levers being 
fitted to the chassis frame. On full lock, the backward 
movement of the second drag link is sufficient to clear the 
pemeeny of the tyre as the wheel approaches the frame. 
The traction motor is supported by four resilient 
mounting brackets and is arran so that its axis is 
offset 5 in. towards the left-hand side of the vehicle. 
The drive is transmitted to the rear axles through an 
open tubular propeller shaft fitted with Hardy Spicer 
needle-roller universal joints. The fully-floating rear 
axle is fitted with an offset underslung worm drive. 
The axle casing is formed by a single forging, the spring 
seats and the brake anchorages being pressed on to the 
axle beam. A four-star differential is fitted, with 
renewable-strip thrust wey, ol behind the differential 
Pinions and the axle-shaft bevel wheels. The axle 
shafts have a diameter of 2-375 in. at their inner splined 
ends, and the diameter along the shafts is 1-95 in. ; 
involute splines are used and a noteworthy feature is 
the provision of detachable cast inserts for the oil seals. 
The standard axle ratio is 9-33 to 1, but a ratio of 10-33 
to 1 can be provided as an alternative. Both the front 
and rear axles are held to the chassis frame by semi- 
elliptical laminated springs, the leaves of which are 
4 in. wide; the front, springs are 5 ft. long and the 
rear springs have a length of 5 ft. 2 in. The tension 
sides of all the leaves are shot-blasted in order to 
increase their resistance to fatigue and progressively 
operating rubber buffers are fitted to both front 
and rear springs ; in addition, Luvax-Girling P.9- 
hydraulic dampers are fitted at both the front and the 
rear of the chassis. B.U.T.-Metalastik rubber bushes 





are fitted to the spring and shackle pins ; with this type 
of pin, the rotary oscillation between the pin and spring 
eye is absorbed wholly by the rubber bush. Detachable 
steel-disc wheels, having ten }-in. stud fixings, are used. 
The rims are 20 in. in diameter and 7-33 in. wide with 
a 6-25 in. offset. Twin wheels are fitted to the rear 
axle and all wheels are provided with 11-00-in. x 
20-in. low-pressure tyres. 10-00-in. x 20-in. low-pres- 
sure tyres can be provided as an alternative, but this 
applies to 8 ft. wide bodies only. 

he control pedals are fitted at the base of the steer- 
ing column. The left-hand pedal operates the master 
controller for acceleration and normal running, while 
the right-hand pedal is connected to the master con- 
troller so that two stages of rheostatic braking are 
obtained prior to the application of the air brakes ; 
the second of these two stages, however, is maintained 
concurrently with the progressive application of the air 
brake. This arrangement provides smooth retarda- 
tion and at the same time reduces the wear of the 
brake linings. As already indicated, brake application 
is by air pressure, the actuating cylinders for the front 
brakes being fitted directly to the stub axles, while 
those for the rear brakes are fitted to the underside of 
the rear axle. The control valve for the foot brake is 
fitted under the foot-plate of the drivers compartment 
and is operated directly by the pedal lever. The cam- 
shafts for both front and rear brakes are carried by 
needle-roller bearings, and individual adjustment is 
provided for each set of brake linings by means of a 
hand nut attached directly to each camshaft lever. 
The air compressor has a delivery of 10 cub. ft. a 
minute and is driven by an electric motor bolted directly 
to the compressor crankcase, the armature being carried 
by an extension of the crankshaft. The motor is 
governed to maintain the pressure in the reservoir and 
the fittings include an anti-freezer, a silencer, an air 





ENGINEERING, 





273 _ 








SEPT. 17, 1948. 





SINGLE-DECK TROLLEY-’BUS OHASSIS. 


BRITISH UNITED TRACTION, LIMITED, LONDON. 


pas 


= 8 PN o 


Sd 











Rear View or Cuassis, SHowinc Contractor GEAR. 





strainer and a low-pressure alarm which gives the driver 
both visual and audible wa when the air pressure 
falls below a safe minimum. [If air-operated doors are 
fitted, a supplementary air reservoir is provided. 

The hand brake is of the usual pull-on t and 
operates on the rear wheels only through a mechanical 
linkage, the lever being mounted on the outer side of 
the driver’s compartment. The diameter of the brake 
drums for both front and rear brakes is 16} in.; the 
width of lining is 4 in. for the front brakes and 6 in. 
for the rear brakes, but both linings have the same 
thickness, namely, 3 in. The total braking area for 
the foot brake is 577 sq. in., while that for the hand- 
brake is 342-5 sq.in. During brake tests, which were 
carried out with the air pressure set at 60 lb. per square 
inch, the vehicle was “‘ crash ”-stopped from 30 miles 
an hour in a distance of 50 ft., which gives a retardation 
of 19-4 ft. per sec. per sec., or an efficiency of 60 per 
cent. Using the handbrake alone, the vehicle was 
brought to rest in 72 ft. when travelling at 25 miles an 
hour. 

Several manufacturers of electrical equipment have 
collaborated with Messrs. British United Traction and 
the chassis has been designed to accept equipment 
of the General Electric Company, Limited, the English 
Electric Company, Limited, the Metropolitan-Vickers 
Electrical Company, Limited, and Crompton Parkinson, 
Limited. The electrical equipment of the prototype 
vehicle was supplied by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, and 
comprises a 550-volt motor giving 130 h.p. on one- 
hour rating, together with associated controller, con- 
tactor-type control gear, automatic circuit-breakers, 
etc. As previously mentioned, two stages of rheostatic 
braking are employed and in order to achieve this 
with the minimum amount of control gear and at the 
same time to ensure that the strain on the propeller 
shaft does not exceed a safe value, a compound-wound 
motor is used. When the motor is connected for 
braking, the series winding automatically opposes the 
shunt winding, the latter being excited directly from the 
overhead lines. This arrangement ensures, within safe 
limits, rheostatic braking from maximum speed down 
to 2 miles an hour, and it has been claimed that, with 
this form of braking, the brake linings last seven times 
as long as when braking is performed by air pressure 
alone. It should be pointed out, perhaps, that, although 
this arrangement enforces the use of electric braking 
before the air brakes are applied, it does not prevent 
the driver from passing straight through to the air 
brake if required. 

The traction motor is illustrated in Fig. 4, on this 
page. It is of the four-pole type with four interpoles 
and has been designed for service on 500 to 600-volt 
direct current systems. The motor is class B insulated 
throughout and, wherever eraser. glass insulation 
has been employed. It is floodproof up to shaft level 
and, although not shown in the illustration, a filter can 
be fitted to the air intake if required ; it is understood 
that those trolley-’buses for both Launceston and Ho- 
bart will be so fitted. The frame is a high-permeability 
steel casting of the box type and is provided with lugs 
for fitting the assembly into the chassis. The armature 
shaft is of high-tensile alloy steel, the driving end being 
tapered and screwed for the coupling and its retaining 
nut. The commutator is of the arch-bound type and 
has been designed so that it can be removed from the 
armature shaft as a self-contained unit. Both the 
main and commutator poles are of laminated construc- 
tion and may be secured to the motor frame either by 
bolts or studs. The pers fan is situated at the 
driving end of the motor and is fitted outside the motor 
bearing in order to permit the largest possible diameter 
to be used. The air flows in two separate streams 
through the motor, one stream passing between the 
field coils and through the air gap, and the other 
passes through longitudinal ducts formed in the 
armature. 

Contactor-type control is used, actuated by a master 
controller which, in addition to controlling acceleration 
and speed, incorporates the rheostatic braking control 
and houses the reverser. The contactor gear, which 
is located on the chassis rear overhang, is illustrated 
in Fig. 5, on this page; the contactors are of the 
clapper type and are arranged for mounting on the 
front of the panels with front connections. As will be 
seen from Fig. 2, opposite, the No. 1 main resistance is 
fitted inside the chassis frame ahead of the traction 
motor and the No. 2 main resistance in the rear chassis 
overhang, while the shunt-field resistance is located on 
the outside of the chassis frame opposite the traction 
motor. Generally, a 130-h.p. motor will be fitted to the 
production vehicles, but the transmission has been 
designed so that a more powerful motor may be fitted 
if required. During tests with the prototype vehicle, 
a@ maximum speed of 40 miles an hour was reached 
during a level run, while, on a gradient of 1 in 19 with 
a flying start, the average speed was 30 miles an hour. 
The vehicle was fitted with an axle having a ratio of 
9-33 to 1 and with 11-00 in. x 20 in. standard tyres, 
and the gross weight was 11 tons 6 cwt. 2 qr. 
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CONFERENCE ON BIOLOGY AND 
CIVIL ENGINEERING. 


INTENDED primarily for members and students of 
the Institution of Civil Engineers and others engaged 
on civil engineering work in which the problem of the 
effect of vegetation is an important factor, a conference 
on “ Biology and Civil Engineering ” will be held at 
the Institution, Great George-street, London, S.W.1, 
on Tuesday, Wednesday and Thursday, September 21, 
22 and 23. The conference will be opened at 10.30 a.m. 
on ber 21 by the Rt. Hon. Herbert Morrison, 
M.P., Lord President of the Council, after which two 
— will be presented for discussion, namely, 
“Soil Erosion and Soil Conservation in New Zea- 
land,” by Mr. W. L. Newnham, M.I.C.E., and 
‘* Biology and its Relation to Soil Erosion and Soil 
Conservation,” by Mr. A. J. Healy. The second 
technical session will be held at 2.30 that afternoon, 
when three papers will be submitted, the first, ‘ Soil 
Erosion and Some Problems Connected with its 
Control,” by Mr. J. A. Vorster, M.Sc.; the second, 
‘* The Influence of Vegetation on Floods,” by Mr. F. C. 
Ford Robertson, B.Sc. ; and the third, ‘‘ The Principles 
Governing Transpiration by Vegetation,” by Dr. R. K. 
Schofield and Dr. H. L. Penman. The third session will 
be held at 10.30 on the morning of Wednesday, Septem- 
ber 22, when two papers will be read, entitled, respec- 
tively, ‘‘ The Effect of Vegetation on the Stabilisation 
of Artificial Slopes,” by Mr. A. H. Toms, B.Sc., 
A.M.I.C.E., and “ The Use of Vegetation in Stabilising 
Artificial Slopes,” by Mr. B. J. J. Moran. Two papers 
will be presented in the afternoon, the first by Pro- 
fessor V. J. Chapman, M.A., Ph.D., on “The 
Stabilisation of Sand Dunes by Vegetation,” and the 
second by Mr. J. H. van der Burgt and Mr. L. van 
Bendegom on “The Use of Vegetation to Stabilise 
Sand Dunes.” On the morning of the last day, 
September 23, the fifth session opens at 10.30, when 
Mr. W. H. Ward, A.M.I.C.E., will read a paper on 
“The Effect of Vegetation on the Settlement of 
Structures.” Mr. Ward will be followed by Mr. D. 
Croney, B.Sc., and Mr. W. A. Lewis, B.Sc., who will 
deal with “‘ The Effects of Vegetation on the Settlement 
of Roads.” At the sixth and final technical session, to 
be held at 2.30 p.m. on September 23, two papers will 
be read, namely, “‘ The Influence of Algal Growths on 
Certain Aspects of Civil Engineering Design,” by Lieut.- 
Colonel F. F. W. Mackenzie, 0.B.E., and Dr. F. Green- 
shields, B.Sc., and “‘ Seasonal Fluctuations in Plankton 
Distribution in a Tropical Impounding Reservoir,” by 
D. J. Atkin, B.Se. The Gauktones will be formally 
closed at 4.30 p.m. 

Membership of the conference is open to members 
of any recognised technical society and there is no 
registration fee. Advance copies of papers, which are 
intended only for those taking part in the conference, 
so as to facilitate discussion, are now available gratis. 
The proceedings of the conference, which will include 
all the papers and the discussion, will be published 
in due course, price 12s. 6d., to members of the Institu- 
tion, and 15s. to non-members, postage included. 





INSTITUTION OF METALLURGISTS.—A refresher course 
on “The Mechanical Working of Metals,” is being 
organised by the Institution of Metallurgists at Ashorne 
Hill, Leamington Spa. The course will open on Friday, 
October 1, and the lectures and discussions will continue 
over the week-end. The lecturers will include Dr. Hugh 
Ford, Dr. R. Genders, M.B.E., Dr. E. Orowan, F.R.S., 
Dr. L. B. Pfeil, O.B.E., Professor H. W. Swift, and 
Professor F.C. Thompson. Further particulars may be 
obtained from the registrar-secretary of the Institution, 
4, Grosvenor-gardens, Lendon, S.W.1. 





THE WORKS OF JOHN SUMMERS AND Sons, LIMITED.— 
The early history and development of the firm of Messrs. 
John Summers and Sons, Limited, Hawarden Bridge 
Steelworks, Shotton, near Chester, are given in a brochure 
entitled ‘‘Centinuous Venture.” The firm was estab- 
lished as a “‘ one-man business ” less than 100 years ago 
and at the present time it employs 10,000 men. The 
founder, John Summers (1822-1876) was a maker of 
clogs at Stalybridge and, when visiting the Great Exhi- 
bition of 1851, he bought a machine for making nails 
for his clogs for the sum of 401. Nine years later, he put 
down a mill to make crude steel sheet from which to 
manufacture his nails. His sons carried on the business, 
and, largely owing to the ability and energy of one of 
them, Henry Hall Summers, it grew and prospered. In 
1937, a het strip mill was purchased for “‘ some millions of 
pounds,” and this contributed 2,000,000 tons of steel 
sheet to the war effort. Since then, a cold reversing mill 
and other finishing plant have been installed, and plans 
are well forward for a new melting shop. This is to be 
constructed on a site to the north of the existing works, 
As described on page 241 of our issue of March 12, 1948. 
the level uf the ground has been raised by employing a 
suction dredger to lift sand from the River Dee and 
pump it throngh a long pipeline to the site. 


BOOKS RECEIVED. 


The Shipbuilding Business in the United States of America. 
Editor: Proressor F. G. Fassett, JuNR. In two 
volumes. The Society of Naval Architects and Marine 
Engineers, 29, West 39th-street, New York 18, U.S.A. 
[Price 12-50 dols. the twe volumes. Postage; free in 
the United States ; 1-25 dols. to places elsewhere.) 

La Turbina a Gas. By PROFESSOR VINCENZO RUBBO. 
Societ& Editrice Riviste Industrie Elettriche, Milan, 
Italy. [Price 600 lire.) 

British Empire Trades Index, 1947-48. Classified Trades 
Lists of Principal Business Houses—with Their Cable 
and Postal Addresses, and Telephone Numbers—in the 
British Commonwealth and United Nations. Business 
Dictionaries, Limited, 133-137, Fetter-lane, London, 
E.C.4. [Price 30s. net.] 

Plasticity as a Factor in the Design of Dense Bituminous 
Road Carpets. By L. W. NiysBorr. Elsevier Pub- 
lishing Company, Incorporated, Spuistraat 118, 
Amsterdam-C, Holland. Cleaver-Hume Press Limited, 
42a, South Audley-street, London, W.1. [Price 28s.] 

The Birmingham Exchange. Directory of Members, 
Subscribers and Representatives, 1948. ‘The Secretary, 
The Birmingham Exchange, Stephenson-place, Bir- 


mingham, 2. 

Johannesburg. Twenty-Fifth Annual Report of the 
Electricity Supply Commission for the Year Ended 
31st December, 1947. The Secretary, Electricity 
Supply Commission, Escom House, Rissik-street, 
Johannesburg. 

Engineering Materials. By PROFESSOR ALFRED H. 
WaHire. Second edition. McGraw-Hill Book Com- 
pany, Incorporated, 330, West 42nd-street, New York 
18, U.S.A. [Price 6 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, Lon- 
don, W.C.2. [Price 36s.] 

Architectural Practice and Procedure. A Manual for 
Practitioners and Students. By HAMILTON H. TURNER. 
Fourth edition, revised and enlarged. By Joun H. 
TURNER. B. T. Batsford, Limited, 15, North Audley- 
street, Mayfair, London, W.1. [Price 18s. net.] 

The Genius of Industrial Research. By D. F. KILLEFFER. 
Reinhold Publishing Corporation, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4-50 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 27s. net.] 

Magnetic Control of Industrial Motors. By GERHART W. 
HEUMANN. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 7-50 dols.] 
Chapman and Hall, Limited, 37, Essex-etreet, Strand, 
London, W.C.2. [Price 45s. net.] 

Metal-Cutting Tools. By P. 8S. HouGHTon. Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 25s. net.] 

Ministry of Fuel and Power, and British Intelligence 
Objectives Sub-Committee. Technical Report on the 
Ruhr Coalfield. By a Mission from the Mechanisation 
Advisory Committee of the Ministry of Fuel and 
Power. Volume III. Appendix No.6. Franz Haniel 
Mine. [Price 2s. 6d. net.] Appendix 30. Production 
Statistics for Mines in Flat, Medium and Steep Forma- 
tions. [Price 1s. 6d. net.) H.M. Stationery Office, 
Kingsway, London, W.C.2. 

Department of Scientific and Industrial Research. Solid 
and Laminated Wood Bending. By W.C. STEVENS and 
N. TURNER. H.M. Stationery Office, Kingsway. 
London, W.C.2. [Price 5s. net.] 

Department of Scientific and Industrial Research. Road 
Research Technical Paper No. 10. A Review of 
Available Information in the Significance of Roadstone 
Tests. By F. A. SHERGOLD. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.] 

The Institute of Metals. Symposium on Internal Stresses 
in Metals and Alloys. Held in London on October 15 
and 16, 1947. Offices of the Institute, 4, Grosvenor- 
gardens, London, S.W.1. [Price 42s., post free.] 

The Shipwright’s Trade. By Sm WEsTCcOTT ABELL. 
Cambridge University Press, Bentley House, 200, 
Euston-road, London, N.W.1. [Price 21s. net.] 

La Aeronéutica Nacional al Servicio del Pats. Secretaria 
de Aerondutica de la Nacién, calle Juncal 1116, 
Buenos Aires, Argentina. 

The Annals of the Computation Laboratory of Harvard 
University. Volume VII. Tables of the Bessel Func- 
tions of the First Kind of Orders Ten, Eleven and Twelve. 
Volume VIII. Tables of the Bessel Functions of the 
First Kind of Orders Thirteen, Fourteen and Fifteen. 
By the STaFF OF THE COMPUTATION LABORATORY. 
Harvard University Press, Cambridge 38, Massa- 
chusetts, U.S.A. [Price 10 dols. each volume.] Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 55s. net each 
volume.] 

What About Enterprise? By Jonn Gioac. George 
Allen and Unwin, Limited, Ruskin House, 40, Museum- 
street, London, W.C.1. [Price 10s. 6d. net.] 

Radio Laboratory Handbook. By M. G. Sorocetr. 

Fourth edition... Published for the Wireless World by 

Tliffe and Sons, Limited, Dorset House, Stamford- 

street, London, S.E.1. [Price 12s. 6d. net.] 
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PERSONAL. 


Mr. A. L. Lunn, M.1.E.E., M.I.Mech.E., who has been 
Electrical Engineer (Generation), London Transport 
Executive, since April, 1937, is retiring tomorrow, 
September 18. 

StR WELDON DALRYMPLE-CHAMPNEYS, Br., M.A., 
D.M., F.R.C.P., D.P.H., will take office as chairma of 
the Council of the Roya] Sanitary Institute, 90, Bucking- 
ham Palace-road, London, S.W.1, on October 1. 

Proressors R. G. C. Batson, M.Eng. (L’pool), 
M.I.C.E., M.I.Mech.E., A. F. BurRsSTALL, D.Sc., Ph.D. 
(Cantab.), M.Sc. (B’bam), M.I.Mech.E., and H. W. 
Swirt, M.A., D.Sc. (Eng.) (Lond.), M.I.Mech.E., have 
been appointed university representatives of the National 
Advisory Council for Industry and Commerce by the 
Minister of Education. Dr. HERBERT SCHOFIELD, 
C.B.E., B.Sc. (Lond.), Wh.Ex., M.I.Mech.E., has been 
appointed a teaching-staff rep tative, and SIR ARTHUR 
FLEMING, C.B.E., M.Sc. (Manch.), D.Sc. (L’pool), 
F.Inst.P., M.I.E.E., M.I.Mech.E., an employers’ repre- 
sentative of the Council. 

Mr. E. J. LE Favre, B.Sc. (Eng.) (Lond.), Wh.Sc., 
A.M.1.Mech.E., and Mr. W. J. RosBinson, B.Sc. (Eng.) 
(Lond.), A.M.I.Mech.E., have been appointed senior 
principal scientific officers in the Mechanical Engineering 
Research Organisation of the Department of Scientific 
and Industrial Research. 


Proressor E. A. Auicut, M.Sc., M.E., M.I.Mech.E., 
Head of the Department of Mechanical Engineering, 
University of Toronto, has been awarded the Gzowski 
Medal for the best paper contributed to the proceedings 
of the Engineering Institute of Canada in 1947. 


Mr. R. A. HACKING has agreed to represent the Jron 
and Steel Institute on the Council of the Ebbw Vale 
Metallurgical Society. Similarly, Mr. J. SIncLarR KERR 
has agreed to represent the Institute on the Council of 
the Manchester Metallurgical Society. 

Mr. NOEL NeEwsoMk, former Director of Public Rela- 
tions for the National Coal Board and Mr. A. B. LEEs, 
hitherto assistant editor and machinery correspondent 
of The Farmer and Stock-Breeder, have joined the staff 
of Messrs. Harry Ferguson, Limited, Coventry. 

Mr. J. DEMPSTER SMITH, B.Sc.Tech. (Manch.', 
A.M.1.Mech.E., formerly at the Mechanical Engineering 
Department, Robert Gordon’s Technical College, Aber- 
deen, has been appointed Lecturer in Engineering at the 
Heriot Watt College, Edinburgh. 

Mr. A, M. FRANKAU, M.A., has joined the British Iron 
and Steel Research Association, 11, Park-lane, London, 
W.1, as an assistant mechanical engineer. 


Mr. R. W. Seymour, M.I.Mech.E., has retired from the 
position of chief boiler engineer with the Vulcan Boiler 
and General Insurance Company, Limited, Manchester, 
after holding the position for the past 13 years. 

Mr. V. S. Kixaswoop, who was formerly with the 
Morgan Crucible Company, Limited, has been appointed 
@ lecturer in metallurgy at the Battersea Polytechnic, 
London. 

Mr. A. E. ANDREWS has been placed in charge of the 
ore-dressing section of the research laboratories of the 
General Electric Company, Limited, North Wembley, 
Middlesex. 

Mr. RAYMOND Haynes has obtained the degree of 
B.Met. of Sheffield University with first-class honours in 
non-ferrous metallurgy. The University have also 
awarded him the Mappin Medal for metallurgy, the 
Nestbill Medal for non-ferrous metallurgy, and a George 
Senior Research Fellowship in metallurgy. 

Mr. H. M. HunTER, Public Relations Officer, Railway 
Executive, Scottish Region, has removed his office from 
the Glasgow Central Station to 179, Howard-street, 
Glasgow, C.1. The telephone number, namely Douglas 
2900 (Extension 115) remains unaltered. 


Mr. W. L. Ex.iorr, who has occupied the position of 
works manager to Messrs. Moreland, Hayne and Company, 
Limited, 80, Goswell-road, London, E.C.1, for several 
years, has been appointed a director of the company. 








SouTH-East LONDON TECHNICAL COLLEGE.—The cur- 
rent prospectus of the South-East London Technical 
College, Lewisham-way, S8.E.4, has come to hand. It 
contains particulars of the full-time, part-time day, and 
evening courses in mechanical and electrical engineering, 
building and allied trades. A secondary technical school 
for boys studying engincering and building is also 
provided. In addition to courses preparing students for 
Ordinary and Higher National Certificates and other 
examinations, a series of special evening lectures are 
available in the Electrical Engineering and Applied 
Physics Department. The subjects dealt with include 
“ X-Rays, X-Ray Crystallography and Metallography ”’ ; 
“ High-Voltage Engineering”; ‘‘ Communication Net- 
works”; “Electrical Engineering Economics”; and 
“* A.C. Motor Industrial Drives.” Copies of the prospectus 
and further particulars regarding the special courses 








may be obtained from the Principal of the College. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Steel production has been interrupted 
recently by slight mechanical breakdowns as a result of 
the heavy strain of keeping outputs at the highest possible 
levels, but the reduction has been moderate. Blast- 
furnaces have been operating at the maximum rates per- 
mitted by available coke supplies, a record pig-iron output 
having been achieved by the Colville group in a recent 
week, but the provision of adequate scrap supplies 
remains an acute problem. Fairly regular shipments 
from Germany have been arriving at East Coast and 
West Coast ports; the usual -teady tonnages have been 
forthcoming from industrial areas ; and a fair measure of 
success has attended the campaign for collection in 
remote areas (due largely to supplementary payments to 
cover extra transport charges), but delivery margins at 
the steelworks remain narrow. Steel export business is 
being increasingly handicapped by import licence restric- 
tions, but Colonial orders are now receiving more favour- 
able consideration to offset the contraction in orders from 
hard-currency countries. The various finishing trades 
have well-filled order books on home account, but com- 
pletion of the work is being delayed in many cases by a 
shortage of billets. Tube works are very busy, with a 
large volume of work on hand for home and overseas. 

Scottish Coal.—In the week ended September 4, deep- 
mined outputs were 468,900 tons, compared with 469,500 
tons in the previous week. Fewer unofficial stoppages in 
Lanarkshire were reflected in an increase of almost 8,000 
tons in that area, bringing the total to 187,700 tons; but 
Fife (138,400 tons), the Lothians (73,400 tons) and Ayr- 
shire (69,400 tons) were all lower. The supply stringency 
at the coke-ovens has eased slightly. Electricity works 
have been allocated a supplementary tonnage, and stocks 
there are building up. Gasworks are comfortable at the 
moment, while gas coke is accumulating owing to a poor 
offtake in the domestic market. The export trade has been 
very active, and boats have been getting a good despatch. 
The Danish State Railways have fixed for the shipment 
of 12,000 tons of trebles and doubles this month. Steady 
tonnages have been moving to Finland, Sweden, and Eire, 
and Holland has been taking small tonnages of anthracite 
duff, and the Lothians doubles and singles. Small lots of 
bituminous coal have been loading also for Germany. 

Scottish Coal Exports.—Exports from Scottish ports 
during August totalled 139,824 tons. Details for the 
month, together with the aggregate shipments to the 
various countries for the first eight months of the year, 
given in parentheses, were as follows :—Sweden, 20,361 
tons (222,514 tons); Eire, 40,909 (211,169); Finland, 
34,024 (121,989); Denmark, 19,686 (110,794); France, 
nil (65,980); Holland, 5,617 (33,724); Portugal, 6,485 
(24,519); Spain, 7,149 (16,450); N. and W. Africa, nil 
(9,624); Germany, 4,565 (5,720); Norway, 1,028 
(1,028); Iceland, nil (732); Canada, nil (304). Total 
exports for the eight months were 824,547 tons. Export 
bunkers (including Admiralty and trawlers) to July 31 
were 541,822 tons, and the aggregate of exports and 
bunkers for the first seven months were 1,226,545 tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The Sheffield steelmakers are busily 
employed and are endeavouring to overcome the scarcity 
of some qualities, chiefly high-carbon sheets and bars. 
Rather more steel: slabs and billets have been reaching 
the rolling mills, and the forges also have been operating 
more fully. Steel foundries are busily employed on a 
wide variety of orders on home and export account. 
Schemes of reorganisation and re-equipment have been 
completed in some cases, and are in course of completion 
in others, An arrangement has been concluded for the 
manufacture under licence in the United States by the 
Lebanon Steel Foundry, Pennsylvania, of special steel 
castings by the Firth-Vickers (Sheffield) process to with- 
stand the pressures and high temperatures generated by 
jet engines for aircraft. Provision has been made also 
for an exchange of technical and manufacturing informa- 
tion between the two companies, including data about 
new steels now being developed at the Sheffield works 
of Messrs. Firth-Vickers Stainless Steels, Limited. During 
the war period, there was a constant exchange of informa- 
tion between Sheffield and American makers of steel for 
armaments. All the Sheffield tool factories are actively 
employed, but foreign competition in steels and tools is 
srowing stronger. 

South Yorkshire Coal Trade.—Supplies of coal have 
been shorter because it was considered advisable to close 
all South Yorkshire collieries on Saturday on the occasion 
of the St, Leger race ; there had been some absenteeism 
on other days of the race meeting ; the demand is very 
strong, but the chief needs of industry and the railways 
have been satisfied, as well as those of electricity and gas 
undertakings. There is now a surplus of gas coke and 
n improving state of stocks of furnace coke. House coal 
-- Telatively quiet. Patent fuel is active and firm. 

airly fall supplies have been despatched to the Humber 
Ports for shipment abroad. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers cannot 
accept further orders for supply earlier than over periods 
in the closing quarter of the year, and, in fact, only by 
keeping plants running to capacity limit can they com- 
plete their September commitments by the end of the 
month. Distribution of tonnage for urgent home require- 
ments is large and some increasing in loading materials 
for export is reported. Most native raw materials are in 
fairly good supply, and ample imports of foreign iron ore 
compensate for the continued disappointing yield of the 
Cleveland ironstone mines. The fuel situation is turning 
out less uneatisfactory than was threatened, but stocks 
are not yet accumulating to an extent that dfe required 
for satisfactorily handling winter needs. There is con- 
tinued inconvenient scarcity of cast iron scrap and good 
steel scrap is still wanted in larger quantities. 

Foundry and Basic Iron.—Scarcity of foundry pig 
threatens to be even greater than at present. The 
serious shortage is hampering users’ operations, neces- 
sitating increasing consumption of cast-iron scrap, but 
iron founders manage to maintain, at a very high level, 
the output of much-needed castings. Basic iron furnaces 
are in full blast and turning out tonnage sufficient for 
the actual requirements of the adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East 
Coast hematite makers continue to deal satisfactorily 
with customers’ current needs and provide moderate 
parcels for stock building. Low-phosphorus and medium- 
phosphorus grades of iron are in good supply and steady 
demand. Manufacturers of refined iron have no difficulty, 
just now, in dealing with buyers’ needs. 


Manufactured Iron and Steel.—Outputs of semi- 
finished and finished iron are moving steadily into use 
and all classes of steel are snapped up as they become 
deliverable. Steel semies are in improving supply, but 
re-rollers are still calling persistently for larger deliveries 
of small billets and sheet bars. Finished-steel firms are 
providing heavy quantities of material for home purposes 
and parcels available for export, while still vastly below 
demand, are on a slightly improved scale. Indication 
of conditions favouring greater expansion of production 
is somewhat marked. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


Welsh Coal Trade.—There was a heavy general inquiry 
for Welsh steam coals last week, but market prospects 
for some time ahead were that supplies would remain 
short ; consequently, there was a limit to the volume of 
new business that could be tackled. Among new foreign 
business offering was an inquiry from the Egyptian 
State Railways. These are very old customers for Welsh 
coal, but the trade had been at a standstil! since the early 
part of the war. The inquiry called for prices to be 
submitted in Cairo on October 5 for the supply of 79,000 
tons of Welsh or other coals over the period from 
December to September next. Pre-war South Wales 
deliveries to these railways totalled about 500,000 tons 
@ year. Supplies for export, however, were still very 
restricted, and it was difficult to p'an new business so 
far ahead. Trading with the Argentine went on according 
to the existing agreement, and there has been a better 
activity for Portugal during the past week ; the month’s 
trade in this direction promises to approach the pre- 
holiday level. Occasional cargoes have been planned 
for Italy, and there was a little busi concluded for 
Spain, but, in the latter trade, payment difficulties were 
experienced which restricted the volume of business. 
| Also in consequence of financial difficulties, the French 
market was still completely idle. Bunker demand was 
keen and stem for these sorts were well filled, while 
there was a good programme for the depots. Home 
activities remained brisk and operators’ commitments in 
this direction were heavy for some time to come. The 
iron and steel industry and the essential public-utility 
services regularly absorb large outputs, and there was 
also a good general home demand. Cokes remained 
strongly booked, and patent fuel was steady. Conditions 
showed little change in the iron and steel and allied 
trades of South Wales and Monmouthshire, and works 
generally were still operating at a high level of output. 
Order books were comfortably filled ahead and, although 
there remained a keen demand, fresh business could not 
be freely placed. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, although the demand was good last week, business 
was quiet. This was chiefly due to the fact that makers 
have little to sell for the current quarter and users are 
not yet placing their requirements for the final quarter 
of the year. The export market is also passing through 
a quiet phase and the volume of business transacted last 
week was meagre. Steel sheet makers have well-filled 








order books and new business is not easily placed. 





NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Eé‘tor not later than Tuesday 
moruing in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, September 20, 6.30 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘‘ Modern Milling 
Practice,”” by Mr. J. Henderson. Birmingham Section: 
Wednesday, September 29, 6.30 p.m., Chamber of 
Commerce Building, New-street, Birmingham. ‘‘ Educa- 
tion for Management,” by Lieut.-Col. L. Urwick. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, September 20, 
6.40 p.m., St. Ermin’s Hotel, Caxton-street, 8.W.1. 
“Maintenance of Switchgear and Transformers,” by 
Mr. C. H. Pike. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
September 21, 6 p.m., Caxton Hall, Victoria-street, 
8.W.1. ‘“ Design and Control of Concrete Mixes,” by 
Mr. R. C. Blyth. 

INCORPORATED PLANT ENGINEERS.—-Glasgow Branch : 
Tuesday, September 21, 7 p.m., Engineering Centre, 
351, Sauchiehall-street, Glasgow. ‘‘ Power Transmission 
Problems,” by Mr. C. W. Chapman. South Yorkshire 


Branch: Thursday, September 23, 7.30 p.m., Grand 
Hotel, Sheffield. ‘‘ High-Pressure Lubrication,” by 
Mr. ¥. Maxwell. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Thursday, September 23, 6.30 p.m., Municipal 
College, Portsmouth. ‘‘ Mechanical Engineering Aspects 
of Naval Mining,” by Dr. E. C. Wadlow, presented by 
Mr. J. H. Hardwick. North-Western Administration and 
Production Group: Thursday, September 23, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Some Recent Develop- 
ments in the Technique of Radio-Valve Manufacture,” 
by Messrs. J. W. Davies, H. W. B. Gardiner and W. H. 
Gomm. 

INSTITUTE OF WELDING.—North-London . Branch: 
Thursday, September 23, 7.30 p.m., Polytechnic, 
Regent-street, W.1. ‘‘ Research on Pressure Vessels,” 
by Mr. Nicol Gross. 

INSTITUTE OF ECONOMIC ENGINEERING.—South-London 
Branch: Friday, September 24, 7.30 p.m., “‘ The Grey- 
hound,” High-street, East Croydon. “* Management 
Headaches in Hungary,” by Mr. J. A. Bullock. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Septem- 
ber 28, 5.30 p.m., 85, Minories, E.C.3. Presidential 
Address, by Commander Sir Robert Micklem. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, September 29, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. ‘“‘ Research 
for the Heating, Ventilating and Air-Conditioning 
Engineer,” by Mr. Cyril Tasker. 

Royal AERONAUTICAL SocrETY.—Thursday, Septem- 
ber 30, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1.' British Commonwealth and 
Empire Lecture: ‘‘ Some Economic Factors in Civil 
Aviation, with Emphasis on Civil Aircraft and Their 
Prospective Trends of Development,” by Mr. Peter G. 
Masefield. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—tThe opening meeting of the 1948-49 session of the 
Association of Supervising Electrical Engineers will take 
place at the Lighting Service Bureau, 2, Savoy-bill, 
London, W.C.2, on Tuesday, October 19, when the 
president, Mr. A. G. Ramsey, 0.B.E., chief engineer of 
the Ministry of Works, will deliver his address. At the 
same meeting the Highfield Shield and prizes, the 
Thurston Award and the Silver Cup in the Branch Merit 
Cup Competition will be presented to the winners by the 
retiring president, Mr. H. Nimmo. 





INSTITUTE OF WELDING.—The autumn meeting of the 
Institute of Welding will be held in London on Wednes- 
day and Thursday, September 29 and 30. A discussion 
on “ Technical Training for the Institute’s Associate- 
Membership Examination,” to be opened by Mr. T. R. B. 
Sanders, A.M.I.C.E., will be held at the Institution of 
Civil Engineers, Great George-street, S.W.1, on Wednes- 
day, at 2.30 p..m. A dinner-dance will take place at the 
Café Royal, Regent-street, W.1, on the same day, at 
7 for. 7.30 p.m. Thursday’s sessions will be held at 
the Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, 8.W.1. Dr. H. G. Taylor will speak 
at 10.30 a.m., on “‘ Some Aspects of Welding Research in 
Great Britain and America.” After luncheon at the 
Church House Restaurant, Great Smith-street, S.W.1, 
there will be a discussion, at 2.30 p.m., on “‘ The Training 
of Welders,” which will be opened by Mr. F. Clark, M.B.E., 
Mr, S. W. Carpenter, and Mr. R. J. Fowler. Mr. André 
Goelzer, vice-president of the French Society of Welding 
Engineers, will present a paper on “ Repair and Rein- 
forcement of Metal Bridges by Welding,” at the closing 
session, at 6 p.m. : 
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EXHIBITS AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 
(For Description, see Page 269.) 
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RESEARCH AND RE-SEARCH. 


‘* Frew are gifted with a memory so retentive,” 
wrote Sir Guilford Molesworth nearly 86 years ago, 
in the preface to the first edition of his famous 
Pocket-Book of Useful Formule and Memoranda, 
“as not to require the aid of written formule in 
working Out the numerous calculations constantly 
necessary in the profession of an Engineer.” He had 
himself experienced the want of such a manual, he 
continued, ‘‘ and the consequent necessity of labour 
and search into various sources of information ; in 
which what I needed was frequently either mixed 
up with extraneous matter, arranged in unpractical 
form, or clothed in mathematical terms so abstruse 
as to render it almost valueless.” The difficulties 
which so troubled Molesworth, writing in November, 
1862, seem almost laughable now, in the light of the 
constantly growing accumulation of technical and 
scientific data that is piling up all over the world ; 
yet, even at that date, there had been relatively 
enormous advances in such knowledge since, hardly 
more than 30 years earlier, David Brewster, the 
biographer of Newton and himself a scientific 
pioneer of a high order, had suggested in The 
Quarterly Review the formation of the society which 
was established in 1831 as the British Association 
for the Advancement of Science, whose 1948 
meeting was concluded at Brighton a couple of 
oe 

The British Broadcasting Corporation’s com- 
mentator on the British Association meeting, who 
displayed no small skill in summarising in a few 
minutes its extensive programme of papers on 
scientific achievement, described the Brighton meet- 
ing as being primarily a stocktaking ; which, in a 
sense, British Association meetings always have 
been and should continue to be, since one of its 
principal objects has been to spread the knowledge 
of current science among the commonalty rather 
than to provide the scientists themselves with a 
forum for mutual discussion. In course of time, 
however, the latter aspect seems to have acquired 
a steadily growing importance, with the result of 
an occasional tendency—less marked this year, 
perhaps, than in some others within recent memory 
—to raise the ings on to a plane hardly to 
be reached by the man in the street ; but it is well 
that the pioneers and the practitioners alike of 
science and technology should be reminded at 
intervals of the hard facts. of life, and this function 
can have been rarely discharged more 5) 








: nocessfully 
than it was by Sir Henry Tizard in the presidential 





and propose to conclude it next week. Of necessity 
it has had to be abridged by the omission of the 


969 | introductory paragraphs and a certain amount of 


compression of the historical references; but it 
will be felt, we believe, even by those who read 
‘only the condensed report, that the address is one 


41} of the most significant that have been delivered in 


the whole series of such discourses. It is appro- 
priate that this should be so, for the present time 
is assuredly one of the most critical periods that 


| have ever confronted the British or any other 


people, and it is only by a proper appreciation of 
the seriousness of present circumstances that the 
nation as a whole can be brought to exert that 
community of effort and co-ordination of its common 
sense that are essential, not merely to progress, but 
to survival. ‘“‘ People forget,” said Sir Henry, 
“that since the 1930’s the population of the world 
has increased by some 300 million people.” That 
increase is continuing, and it is this fundamental 
fact which underlines so heavily his earlier obser- 
vation that ‘‘ all social progress must depend on the 
power of science and technology to increase the 
productivity of industry.” 

It is a primary function of the British Association 
to take broad views, and not to allow their discus- 
sions to degenerate into mere parochialism; but 
the fact that the British Isles form one of the most 
congested, portions of the land area of the world 
thrusts British economic conditions into a promin- 
ence which contains nothing of narrow insularity. 
If a solution can be found to the problems which 
beset. Britain, the whole world must benefit ulti- 
mately, for the same problems are tolerably certain 
to repeat elsewhere if the same process of develop- 
ment continues. There was a time, not so long ago, 
when it was the fashion to declare that the main 
difficulties of the human race had their origin not 
in insufficient production, but in deficiencies of 
distribution ; but, while distribution must become 
more difficult, for purely physical reasons, as 
attempts continue to ensure that all peoples shall 
enjoy equal advantages and equal amenities, it is 
coming to be realised more fully that production, 
even of the bare necessities of life, is still inadequate 
and must fall farther and farther below the desired 
level of general consumption unless it can be 
caused to increase at a rate greater than the rate 
of increase of the world’s population. 

Not the least interesting feature of Sir Henry 
Tizard’s address lies in his choice of illustrative 
examples, and among these there are few more 
theught-provoking than his comparison of the 
natural advantages and the material progress of 
the United States, Canada, Switzerland and Sweden 
with those of the United Kingdom. It is not sur- 
prising, as he says, that the United States and 
Canada should have surpassed Britain in wealth 
and productivity before the recent war; with their 
great natural resources and their abundance of 
cheap power it would have been more surprising 
if they had not done so. “It is by no means so 
easy to explain,” he continued, ‘‘ why Switzerland, 
which in 1885 a national income per head 
about two-thirds of that of the United Kingdom, 
should have equalled us in prosperity by 1939; 
or why the industrial productivity of Sweden, a 
country which has no coal, should have been rising 
so much more rapidly than ours in the years between 
the wars.” He suggests that the reason is to be 
found in their higher average standard of technology, 
and of scientific education among the industrial 
executives; and he deduces that “it is not the 
general expansion of research in this country that 
is of first importance for the restoration of its 
industrial health, and certainly not the expansion of 
Government research, remote from the everyday 
problems of industry. What is of first importance 
is to apply what is already known.” 

Basically, as Sir Alfred Egerton pointed out in 
his Thomas Hawksley Lecture to the Institution of 
Mechanical Engineers some eight years ago, the 
factor which limits the population that the earth 
can support is the rate at which it can convert into 


fuel (including food, which, of course, is merely a 
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form of fuel for chemical combination) its constant 
intake of solar energy. That limit has not been 
reached yet, but meanwhile there is another limiting 
factor, the significance of which does not seem to be 
generally appreciated; namely, man-hours of 
useful productive effort. In theory, an increase 
in the world’s population of 300 millions in 15 years 
or so should be an immense asset in that it provides 
an enormous increase in available man-hours; in 
practice, it does not appear to work out that way, 
but this is probably because, for many of the 
practical applications of economics, it is a mistake 
to take too broad a view. That science knows no 
frontiers is axiomatic and that trade between 
communities is world-wide is a self-evident fact ; 
but communities do not depend exclusively on their 
world-wide trade and the extent that they do depend 
upon it is largely the result of the availability of 
facilities, and thus is of recent growth. Even now, 
a very large part of the every-day requirements of 
most communities is probably drawn from a rela- 
tively limited radius, and they could draw a still 
larger part from within that limited radius if they 
were forced to do so, as Britain was forced during 
the war years. 

The question arises, therefore, whether sufficient 
attention is being given, in present circumstances, 
to the importance of time. If the population of 
these islands is at or near its practicable maximum 
(ignoring, for the moment, the effect of the increasing 
average age of the population), increased produc- 
tivity can only be achieved by everyone working 
for a larger proportion of his or her life aggregate 
of employable hours, or by using those hours more 
productively, either by employing more generated 
power per head or (which is the same thing to a 
great extent) by making a fuller use of scientific 
and technical knowledge. At present, the average 
ability to apply such knowledge is obviously not 
very high and, at the same time, the general tendency 
is to work fewer hours per head than formerly and 
to fritter away more time in non-productive 
activities. 

Suggestions have been made on many occasions 
that someone (unspecified) should contrive (by 
some means not defined) to impose some sort of 
scientific truce ; that the onward march of science 
should be deliberately halted—as though such 
a thing could be done—in order that mankind 
should have a breathing space for adjustment to 
the changes that science has wrought already. 
Sir Henry Tizard’s proposal, however, is much 
more practical in essence, even though there are 
many difficulties—largely psychological, perhaps— 
in the way of its fulfilment ; and it has the advantage 
that, to a great extent, it is designed to counter a 
problem that is measurable by cold arithmetic. 
Many of the comparative statistics of productive 
and non-productive employment are available 
already and they show all too clearly the increased 
numbers of the population who, hard and long 
though they may work, do not produce a pound of 
food or a calorie of warmth to add to the common 
stock. Meanwhile, we possess already the means 
to add 20 per cent. in five years to the food produc- 
tion of the United Kingdom, if only the available 
knowledge were to be applied. Mr. A. G. Street, 
in one of his novels, pictured a national crisis which 
ended in every man, woman and child in the British 
Isles going on to the land and digging, literally, 
“for dear life” in order to avert starvation. The 
picture does not seem quite so fanciful now as it 
did when the book was written ; but such measures 
could never approach in efficiency the alternative 
that Sir Henry has outlined. Heis particularly well 
placed to take a broad view of the general position 
and to make a clear distinction between research, in 
its commonly-accepted sense, and the re-search that 
he recommends among the knowledge already ac- 
quired and stored away; since December last, he 
has been chairman of the Government’s Industrial 
Productivity Committee (not to be confused with the 
Anglo-American Council on Productivity, referred to 
on page 279) as well as of the Scientific Advisory 
Committee. It is to be hoped that he may succeed 
in persuading his colleagues on both committees 
that the re-examination and application of existing 
knowledge should have priority over new séarches 
for the philosopher’s stone. 





THE SELECTION OF 
ENGINEERING STUDENTS. 


THERE is little doubt that ability in pure mathe- 
matics is an inborn characteristic, like musical 
genius. Most people cannot compose music and, 
equally, most cannot think in abstruse mathematical 
terms. The two specialised abilities are not, how- 
ever, directly comparable. Mathematics has long 
been an every-day tool in physics and engineering, 
and is rapidly penetrating into the field of biology, 
but the operations of the tool, although incompre- 
hensible to the non-mathematical, are confined to 
specific and well-worked fields. For abstruse 
investigations, specialist workers are necessary, and 
it is not unusual for large engineering firms to 
employ mathematicians per se to deal with the more 
complicated problems which may arise. Their 
function is not in any way to control design or 
investigation, but to solve mathematical problems 
which may be beyond the range of an engineer, 
even one of good average mathematical ability, or 
which, lying outside his more usual range of activity, 
would demand more time than he could justly 
spare. 

These introductory remarks are not intended to 
indicate that an engineer does not require a mathe- 
matical training, as possibly some engineering stu- 
dents would desire. So far is that from being the 
case that, unless an engineer is equipped with a 
fundamental understanding of mathematical proce- 
dure, he will not be able even to state his problem 
to his pure-mathematical colleague. The bearing 
of this matter on the subject indicated in the title 
of this article is that, although a schoolboy showing 
unusual mathematical promise will not necessarily 
make a good engineer, as is sometimes supposed, 
yet a mathematical training is a necessary part of 
his preparation for professional life. It is not 
unusual to encounter young students who assert 
that they ‘‘cannot learn mathematics.””’ Man 
cases of this kind are parallel with those of students 
who contend that they cannot learn enough elemen- 
tary French to pass a college-entrance examination. 
Most people cannot compose music, but they can 
learn to play the piano if they like to take the 
trouble. The same thing applies to mathematics and 
French. Most people cannot become mathemati- 
cians in any proper sense, neither can they become 
linguists, but they can learn enough elementary 
mathematics and French to furnish working tools. 
It is difficult to specify the mental requisites of an 
engineering student, but on the negative side it is 
certain that one incapable of understanding an 
elementary geometrical problem had better not 
attempt to become an engineer. 

Many reasons determine that a schoolboy shall 
enter on an engineering career. A common one is 
that family tradition and connections offer oppor- 
tunities for entrance and promise for the future ; 
another is that a boy finds radio and flying fasci- 
nating subjects; a third is that his parents think 
he must be a mechanical genius because he mended 
the perambulator. The application of these or other 
reasons in practice does not always result in a boy 
choosing wisely. In the 15th annual report of 
the Engineers’ Council for Professional Develop- 
ment, it is stated that ‘‘ the high mortality rates of 
engineering students in college [is] one of the 
distressing characteristics of engineering education 
of the past twenty years.” This is American 
experience, but even in connection with the famous 
Ziirich technical college, to which it might have 
been assumed that only promising students would 
obtain an entry, the late Professor Stodola wrote in 
Gedanken zu einer Weltanschauung vom Standpunkte 
des Ingenieurs, “‘ year in and year out, about 30 per 
cent. of the students prove incapable of gaining a 
diploma, no matter what changes may be made in 
lectures, teaching methods and regulations’ (our 
translation). 

The requirement that an engineer shall be able 
to handle at least a little elementary mathematics 
is a slender specification from which to determine 
that a schoolboy is a suitable candidate for an engi- 
neering career. Much more is required. The 
Engineers’ Council for Professional Development, on 
which all the major American engineering societies 











are represented, has a Committee on Student 
Selection and Guidance, some account of the acti- 
vities of which are given in the report which covers 
the year ended September 30, 1947. With a view 
to the guidance of schoolboys who may be contem- 
plating entering the engineering profession, a poster 
has been prepared, setting out conditions and 
requirements, for display in “‘ high schools,” which 
in Great Britain may be interpreted as public 
and secondary schools. The first information given 
appears to be of a negative character ; it is pointed 
out that a boy who selects engineering as a course 
of study is likely to he disappointed if he is “ princi- 
pally interested in romantic adventure,” is “ unwill- 
ing to think about complicated problems,” is 
“inclined to shun work,” and “feels that the 
world owes [him] a living.” 

This, no doubt, is admirable advice, but it is not 
clear that it has a specific engineering bearing. 
There are very many professions and cccupations 
in which the opposite of these negative qualifica- 
tions would be valuable. Something more specific 
is contained in a section of the poster which begins 
with the advice that a boy should “analyse care- 
fully [his] qualities-to ascertain whether [he] may 
hope to succeed in engineering pursuits.” To ask 
a boy to analyse his own qualities appears hardly 
fair, but the requirement is followed by some 
definite inquiries which can be answered in the 
positive or negative. These include the question 
whether he is inclined to read scientific literature 
without being told to do so. An activity of this 
kind, pursued with reasonable ardour, may be taken 
as definite evidence that a boy has a scientific 
bent. In addition to the poster, a booklet entitled 
Engineering as a Career has been prepared and 
circulated. 

These preliminary hortatory activities, which ave 
designed to help schoolboys in deciding whether 
they should become engineering students, are 
followed up by a ‘‘ measurement and guidance 


Y | project.” This covers various activities, including 


specialised examinations for graduates in various 
branches of engineering, but from the point of view 
of the present article the most important part of 
the project is the Pre-Engineering Inventory. The 
purpose in this is to furnish guidance to prospective 
engineering students who have completed their 
secondary education. A series of examinations and 
tests has been aevised and was employed by 39 
engineering colleges for fieshmen in the autumn of 
1946. The colleges were to provide reports on the 
academic records of each freshman class. At a 
large number of engineering colleges, pre-matricu- 
lation tests were applied. The nature of the tests 
and examinations is not described in the report, 
but it is clear that they cover a wide range, as the 
test subjects cover not only such matters as 
‘General Mathematical Ability” and ‘‘ Compre- 
hension of Mechanical Principles,” but ‘‘ General 
Verbal Ability,” “‘ Technical Verbal Ability” and 
‘“‘ Understanding of Modern Society.” Subjects of 
these latter classes are introduced, presumably, for 
the purpose of ascertaining if the student has 
attained a reasonable standard of general education. 

In the absence of particulars, the precise nature of 
some of the tests is not altogether clear, and it is 
not easy to imagine a dividing line between general 
and technical verbal ability. The tests as so far 
applied have shown good correspondence between 
the student qualifications, which they are designed 
to measure, and later performance in college courses. 
The matter is being pursued, and the number of 
engineering colleges taking advantage of the tests 
is increasing. It is realised that further experience 
in the application of the tests is desirable and that 
that experience may result in their modification and 
improvement. The conclusion so far reached is 
that “the proper use of such examinations may do 
much to provide the vital statistics so necessary in 
any complete evaluation or reorganisation of engi- 
neering education.” Incidentally, the report throws 
an interesting light on the scale of engineering 
educational facilities in the United States, for it is 
stated that, in the year ended June 30, 1947, the 
Measurement and Guidance Project in Engineering 
Education carried out 32,098 examinations of 
individual students, and that 25,559 of them were 
based on the use of the Pre-Engineering Inventory. 
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NOTES. 


Tue GAUGE AND Too. Makers’ AssocraTIONn. 


Some forceful criticism of the Government’s 
expressed intention to nationalise the British steel 
industry were made by the Rt. Hon. Viscount Bruce 
of Melbourne at the sixth quarterly luncheon of the 
Gauge and Tool Makers’ Association, held in London 
on Tuesday, September 14. Lord Bruce was the 
principal guest of the Association, whose President, 
Mr. F. W. Halliwell, M.I.Mech.E., occupied the 
chair. The only hope of national prosperity, said 
Lord Bruce, lay in a balanced state of trade, but 
there was no hope of balancing trade unless the 
people themselves understood the need for such a 
policy; at present, they did not. Some industries 
were Obviously suited to public ownership, but 
others, equally clearly, were not suited. The funda- 
mentals of British industry were coal, transport and 
steel. Coal must be taken completely out of the 
realm of controversy and the National Coal Board 
must be driven to do their job with efficiency, 
because everything depended on it. The steel 
industry had been put on an efficient basis already, 
however, and to nationalise it now would be to 
strike a heavy blow at every other industry in the 
country, because steel was a product which had to 
face competition in the markets of the world. 


THE INTERNATIONAL CONGRESS OF APPLIED 
MECHANICS. 


The Seventh International Congress of Applied 
Mechanics was concluded on September 10, so 
far as the formal programme was concerned, by the 
banquet held on the evening of that day in the 
Connaught Rooms, London, W.C.2; though it 
has-been followed by a series of excursions to various 
works, laboratories, etc., which has continued 
throughout the present week. As was stated in 
our preliminary notice, on page 231, ante, the 
proceedings Opened with an informal sherry party 
in the Imperial College Union on the evening of 
Sunday, September 5, when the members were 
received by the Rector (Sir Richard Southwell, 
F.R.S.) and Lady Southwell. The reception at 
the Senate House on September 8 by the Vice- 
Chancellor of the University of London, Professor 
Lillian M. Penson—not Professor D. Hughes Parry, 
as was incorrectly stated in our previous note— 
afforded to many of the delegates their first oppor- 
tunity to inspect this notable building, which was 
occupied by the Ministry of Information during the 
war and still has not recovered fully from its damage 
by enemy action ; though it was much less severely 
damaged than Guildhall, where the Lord Mayor 
of London (Sir Frederick M, Wells) and Lady Wells 
received them on the following evening. On the 
Friday evening, however, at the Connaught Rooms, 
they were able to assemble in circumstances 
which provided no reminder of the war, except, 
perhaps, the general advantage that was taken of 
the option to dine in lounge suits instead of more 
formal dress—a practice which might well be made 
standard for such international conferences, since so 
many travellers are obliged in these days to handle 
their own baggage at stations and ports. Sir 
Richard Southwell, as President of the Congress, 
occupied the chair and, in proposing the toast of 
“The Congress,” observed that he was one of the 
small remaining band (many of whom were sitting 
at the top table) who had been present at all of the 
preceding congresses—first in Delft in 1924, and 
subsequently in Ziirich, Stockholm, Cambridge 
(England), Cambridge (Massachusetts), and Paris. 
All had followed the same general pattern, but the 
details of each had been left to the local hosts 
and organisers, so that each had its own special 
flavour. The next meeting, he disclosed, would be 
in 1952, in Istanbul, when the President would 
be Professor K. Erim,~<of Istanbul, and the 
secretary would be Professor C. Koning, of Amster- 
dam. The London meeting had been a very success- 
ful one; 872 members registered, 720 of them 
attended, and 230 papers were accepted. It was 
at such meetings as these that international under- 
standing was established—not those at which 
the first day was usually spent in international 
Tecrimination ; and he felt that the proceedings of 
the week had proved that they could be sanguine 


about the future. The only other toast, that of 
“The Imperial College,” was proposed by Professor 
J. Pérés (France), who expressed the gratitude of 
the visitors from overseas for the welcome extended 
to them in London. Professor J. C. Hunsaker 
(United States), who seconded the toast, spoke of 
the close academic alliance between the Imperial 
College and the Massachusetts Institute of Tech- 
nology and referred to the pending retirement of 
Professor Southwell, who was ‘‘ leaving his respon- 
sibilities as Rector to return to those studies which 
for so long had been his ‘ relaxation ’.” Sir Richard 
Southwell, in his response, acknowledged the 
assistance given by the various organisers who had 
undertaken the administrative arrangements, and 
the support given by the firms and institutions 
who were to receive the members during the ensuing 
week, and who had supported the Congress in other 
ways, instancing particularly, in addition to those 
previously mentioned, the Royal Society, the 
Institution of Mechanical Engineers, and Messrs. 
Unilever, Limited. 


Hypro-ELEctrio DEVELOPMENT IN NorTH WALES. 

Speaking at a conference of the British Electricity 
Authority and the chairmen of the Area Boards, in 
Llandudno, on Thursday, September 2, Lord 
Citrine said that important works for developing 
the water-power of North Wales were in hand. At 
Dolgarrog, 3,400 additional acres of catchment 
areas were being developed to yield 9 to 11 million 
kWh per annum in a year of average rainfall. The 
preliminary surveys necessary for this purpose had 
been completed and constructional work, which 
would involve 14 miles of tunnel and 1} miles of open 
channel, would begin about March, 1949. At 
Maentwrog, some 14} square miles of additional 
catchment area were being developed to yield 
about 20 million kWh per annum. This would 
involve about eight miles of open channel. A pre- 
liminary survey of other water-power resources in 
North Wales had also been made, and had revealed 
the potentialities of six major and a number of minor 
schemes, with an aggregate output of more than 
520 million kWh in an average year. This was 
five times the present water-power yield in the area 
and corresponded to a saving in coal of 350,000 tons 
per annum. Investigations into these schemes, 
however, had not proceeded beyond the preliminary 
stages and technical difficulties, in some cases, might 
affect adversely the economics of the projects. 
Moreover, owing to the capital outlay on water- 
power stations being some four or five times that 
necessary for coal-burning stations, their use would 
not necessarily mean very cheap electricity. Water- 
power development in North Wales, however, 
should be more than sufficient to meet local 
requirements and even, in the long run, to provide 
a surplus for export to Merseyside and the Midlands. 


CONFERENCE ON Dust in INDUSTRY. 

The Society of Chemical Industry have organised 
a conference on “‘ Dust in Industry,” to be held at 
the University of Leeds from September 28 to 30. 
The programme has now been completed and the 
conference opens on Tuesday, September 28, at 
9.30 a.m. Four papers will be presented in Session I, 
which deals with ‘‘ Physical Characteristics and 
Estimation of Dust ” and includes descriptions of 
methods employed in iron and steel foundries and 
the explosives and gas industries; the chairman 
of the session will be Professor H. V. A. Briscoe, 
A.R.C.Se., D.Se., F.R.I.C. Session II of the 
conference will be held on Tuesday afternoon, 
at 2.30. It also contains four papers, concerning 
** Practical Aspects of the Dust Problem. Part I,” 
the chemical and cotton industries and dust elimina- 
tion being specifically dealt with, and the chairman 
being Mr. J. M. Leonard, M.I.Chem.E. “‘ Practical 
Aspects of the Dust Problem. Part II,” is the 
title of Session III, the chairman of which will be 
Mr. A. V. Hussey, O.B.E., A.C.G.I., M.I-Chem.E. 
There are three papers in this section, which deals 
with the dust problem in flour milling and in the 
photographic industry, and with surface area 
measurements in dust control. It will be held on 
Wednesday, September 29, at 9.30a.m. Session IV 
will be held at 2.30 that afternoon under the chair- 
manship of Lt.-Colonel Sir Reginald Thomas, 





C.B.E. There are to be six papers in this section, 





which concerns “Fire and Explosion Hazards ”’ 
in various circumstances in a number of industries. 
On the next day, September 30, at 9.30 a.m., 
Session V will consider ‘‘ Health Hazards” under 
the chairmanship of Professor E. C. Dodds, M.V.O., 
D.8c., M.D., F.R.S. The eight papers to be pre- 
sented are concerned with dermatitis, silicosis, 
pneumokoniosis, and other diseases. The sixth 
and last session of the conference will be held at 
2.30 on the afternoon of Thursday, September 30, 
when Mr. S. Robson will take the chair. The 
chairmen of each of the preceding five sessions will 
sum up the work of their respective sessions. 
Members of the Society of Chemical Industry may 
obtain a set of preprints of the papers for 10s. 6d. ; 
others will be admitted to the conference on pay- 
ment of 2]. 2s. for a set of the preprints. Persons 
wishing to attend are requested to advise the general 
secretary of the Society, 56, Victoria-street, London, 
8.W.1, as soon as possible. 


Tue ANGLO-AMERICAN COUNCIL ON PRODUCTIVITY. 


When Sir Stafford Cripps announced, some two 
months ago, his agreement with Mr. Hoffmann, the 
United States administrator for the Marshall Aid 
plan, to set up a joint Anglo-United States Council 
on Productivity, the proposal aroused a considerable 
amount of criticism; by no means all of it came 
from the Opposition benches in the House of Com- 
mons, nor was its volume appreciably lessened by 
the subsequent statement that it had been discussed 
by the General Council of the Trades Union Congress 
and by the Grand Council of the Federation of 
British Industries. We commented on the scheme 
at the time in an article on page 133, ante, and have 
seen no occasion since to modify the views then 
expressed. For a time, public interest was more or 
less diverted from the subject by other affairs, in 
Berlin and elsewhere, but the preliminary arrange- 
ments went forward and, in due course, the F.B.I. 
announced that their nominees for membership of 
the Council would be their President, Sir Frederick 
Bain, M.C., deputy chairman of Imperial Chemical 
Industries, Limited; Mr. A. R. Baines, C.B.E., 
chairman and managing director of Messrs. William 
Baines’ Sons, Limited, and chairman of the Wool 
Industries Research Association; Sir Peter Ben- 
nett, O.B.E., M.P., chairman of Messrs. Joseph 
Lucas, Limited, and a member of the Motor Industry 
Advisory Council; Mr. C. B. Clegg, chairman and 
managing director of Messrs. E. Clegg and Son, 
Limited, and chairman of the Rochdale and District 
Master Cotton Spinners’ and Manufacturers’ Asso- 
ciation ; Sir Maurice Denny, Bt., K.B.E., chairman 
of Messrs. William Denny and. Brothers, Limited, 
and a member of the Executive Board of the Ship- 
building Conference ; and Sir Greville i ’ 
chairman and managing director of the Churchill 
Machine Tool Company, Limited, and a member of 
the Engineering Advisory Council. The Trades 
Union Congress nominated Mr. G. H. Bagnall, 
Mr. Lincoln Evans, Mr. Will Lawther, Mr. Andrew 
Naesmith, Mr. Jack Tanner, and Mr. Tom William- 
son; and now the personnel of the Council have 
been completed (with one exception, still to be 
appointed) in a statement issued on September 13 
by Mr. Thomas K. Finletter, the United States 
Minister in charge of the Economic Co-operation 
Administration’s mission to Great Britain. Mr. 
Finletter’s announcement, which mentioned that 
the Council would hold their first meeting in London 
during the fourth week in October, disclosed that 
the United States nominees are Mr. Philip H. Reed, 
chairman of the General Electric Company; Mr. 
Ernest R. Breech, executive vice-president of the 
Ford Motor Company; Mr. Ira Mosher, president 
of Ira Mosher Associates and a former president of 
the National Association of Manufacturers ; Mr. J. 
Spencer Love, president of the Burlington Mills 
Corporation; Mr. L. 8. Buckmaster, president of 
the United Rubber Cork, Linoleum and Plastic 
Workers of America; Mr. Harvey N. Brown, 
international president of the International Asso- 
ciation of Machinists ; and Mr. Lee Minton, president 
of the Glass Bottle Blowers’ Association. It is 
stated that Mr. Philip Reed will be chairman of the 
American side of the Council. No announcement 
has been made yet regarding the chairmanship of 
the British side, or of the full Council. 
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THE BRITISH ASSOCIATION 
MEETING AT BRIGHTON. 


THE meeting of the British Association for the 
Advancement. of Science, which terminated at 
Brighton on Wednesday, the 15th instant, is only 
the. second to. be held by the Association in the 
famous Sussex i the first having been 
held there as far back as 1872 under the presidency 
of Dr. W. B. Carpenter, F.R.S., a famous botanist, 
zoologist and physiologist. At this year’s meeting, 
of which Sir Henry Tizard, K.C.B., F.R.S,, was 
President, the Royal Pavilion was used for the 
reception room and for several of the sectional 
meetings, the extensive accommodation required 
for the inaugural meeting having been provided in 
the Dome. The Royal Pavilion, it may be noted, 
was designed in its present form by John Nash and 
was used as the marine palace of the Prince of Wales, 
who was Prince Regent from 1811 to 1820, and 
afterwards King George IV. The Royal Stables 
and Riding House adjacent to the Pavilion are known 
respectively as the Dome and the Corn Exchange. 
The attendance at Brighton was not quite so 
numerous as is usual at these meetings, the number 
of membership tickets issued just prior to the 
inaugural meeting having been 1,668. It is prob- 
able, however, that an appreciable number of 
members arrived later. 

At the inaugural meeting on Wednesday, 
September 8, the members were given a civic 
welcome in cordial terms by the Mayor of Brighton, 
Councillor P. F. Friend-James, O.B.E., who referred 
to the long interval between the first and second 
visits of the Association to the town, and expressed 
the hope that they would return for the third visit 
after the least practicable delay. 

Sir Henry Tizard then delivered his presidential 
address, entitled ‘‘ The Passing World,” which was 
enthusiastically received by the members. As we 
commenced to reprint the address in slightly 
abridged form, on page 256 of last week’s issue, there 
is no need to comment on it here. The vote of 
thanks to the President was proposed by Sir John 
Russell, formerly Director of the Rothamsted 
Experimental Station, who, it was announced, will 
be President of the Association at its meeting in 
Newcastle-on-Tyne next year. Sir John, after 
expressing his appreciation of the address, pointed 
out that Sir Henry had modestly refrained from 
discussing at any length the aspect with which he 
was so closely concerned, namely, the changed 
attitude of the community and the Government 
towards scientific research. The Government, he 
added, were spending this year nearly 70I. million 
on their own research and development schemes, a 
sum which was not far short of the total national 
budget for 1885, the year which Sir Henry had used 
for the “‘ backsight ” in his address. In addition, 
large sums were spent on research by industrial 
concerns and the universities. Sir Henry was one 
of the chief co-ordinators of this work, as chairman 
of the Government’s Advisory Council on Scien- 
tific Policy and of the newly established Committee 
on Industrial Productivity. After a brief acknow- 
ledgment by the President, the meeting terminated. 

Before commencing our report of the proceedings 
of Section G (Engineering), which will be our main 
concern, we may mention some of the other items 
which formed part. of the general programme. An 
illustrated lecture on ‘‘ The Weald and the Progress 
of the Field Sciences ” was delivered by Professor 
S. W. Wooldridge on Thursday evening, Septem- 
ber 9; and on Saturday evening, September 11, 
the Division for Social and International Relations 
of Science held a session on “Science Across the 
Frontiers.” Dr. C. H. Desch, F.R.S., chairman of 
the Division, presided, and the principal speakers 
were Dr. Julian Huxley, F.R.S., Dr. Joseph Need- 
ham, F.R.S., Professor Pierre Auger and Dr. Paulo 
Carneiro. On Sunday, September 12, the Rt. Hon. 
Viscount Samuel, P.C., G.C.B., G.B.E., delivered an 
address to the Association on “‘ Science and Philo- 
sophy.” Professor J. D. Bernal, F.R.S., delivered 
an evening lecture on ‘‘ Waves and Beaches ” on 
Monday, September 13. In addition, a number of 
public lectures to audiences of adults and children 
residing in Brighton and the district were provided. 





In connection with the scientific programme of the 
meeting, a number of exhibitions were arranged by 
different sections. Of these, we may mention that, 
of the two held under the auspices of Section A 
(Physics), with the co-operation of the Scientific 
Instrument Manufacturers’ Association, one illus- 
trated industrial applications of electronic devices. 
In connection with Section B (Chemistry), Dr. C. H. 
Desch arranged an exhibition to illustrate new 
developments in the industrial applications of metals 
and alloys, on which a discussion was held in 
Section B, on Friday, September 10. 

Of the various social events during the meeting, 
we should mention a civic reception given by the 
Mayor and Mayoress of Brighton on Friday, Sep- 
tember 10. The reception was held in the Corn 
Exchange, with a concert in the Dome and dancing 
in the Royal Pavilion. Another interesting event 
was @ conversazione to which the members were 
invited by the Brighton and Hove Natural History 
Society and the Brighton and Hove Archeological 
Society. This was held in the Royal Pavilion on 
Tuesday, September 14. 

The officers of Section G this year were as follows : 
President, Wing Commander T. R. Cave-Browne- 
Cave, C.B.E. ; Vice-Presidents, Mr. O. V. S. Bulleid, 
Sir William Halcrow, Dr. E. Hughes, and Mr. H. 
Pryce-Jones ; Recorder, Professor Willis Jackson ; 
Secretary, Mr. D. H. McPherson ; and Local Secre- 
tary, Mr. P. E. Sleight. The Section met in the 
Royal Pavilion and the proceedings commenced on 
Thursday morning, September 9, the first item being 
the delivery of the presidential address to the 
Section by Wing Commander Cave-Browne-Cave. 
The address was entitled ‘‘ The Young Engineer; ” 
we commence to print it, in abridged form, on page 
287 of this issue. 


Tue Youne ENGINEER. 


An innovation in the proceedings this year was 
the discussion of the address, and the remainder 
of the first morning session was utilised for this 
purpose. Sir William Halcrow opened the dis- 
cussion. He was, he said, a great believer in a 
young man having a good general education at 
school, without specialising ; he should study the 
classics, literature, languages, etc., and start life 
on the foundation of a good general education. 
All young men should have interests which differed 
widely from their work. After expressing agreement 
with the President’s statement that there was a 
general and natural tendency for engineers to use 
less engineering science as they advanced to positions 
of more general responsibility, Sir William said 
that, in his experience as a civil engineer, he had 
found that common sense entered very largely into 
the decisions he had had to make. Much civil 
engineering work might be regarded as an exact 
science, but other branches were now being solved 
by the aid of scientific study. He made special 
reference to models, on which more and more 
reliance was being placed in arriving at the right 
decisions in work concerning hydraulics, estuaries, 
rivers, etc. There were some fine research labora- 
tories for hydraulics in Delft (Holland), Pittsburg 
(U.S.A.), and Grenoble (France). In this country, 
under the organisation of the Department of 
Scientific and Industrial Research, a new hydraulics 
research organisation had been set up. With 
reference to the President’s submission that an 
adequate description of engineering and its various 
branches should be available at schools, he pointed 
out that the Council of the Institution of Civil 
Engineers had produced recently a useful booklet 
covering all the points on which a student might 
desire information. He felt, however, that too 
much reliance should not be placed on examination 
results in judging a man ; some young men who were 
not at home with paper work had done extremely 
well in practical civil engineering. 

Vice-Admiral (E) Sir Denys Ford, Engineer-in- 
Chief of the Fleet, spoke on the experience of the 
Royal Navy, which, he said, was one of the largest 
trainers of engineers and technicians, The training 
for the Royal Navy was very much on the lines 
proposed in the address. Regarding the selection 
of candidates for naval engineer officers, he said 
they must first compete in open examination, and 
there must be selection on the basis of engineering 








aptitude, intelligence, leadership, etc. They were 
required to take education up to university standard, 
Sir Denys gave particulars of the course for engineer 
officers, during which a year was spent at sea, and 
at the end of the year the young officer had to 
select the class. of engineering he desired to follow, 
He then attended the Royal Naval Engineering 
College for a specialisation course, made up of equal 
proportions of theory, design, research and Operation, 
and repair. About 20 per cent. of the most gifted 
men were given a post-graduate course of about two 
years duration in the class of engineering selected, 
The next class was that of the artificer or skilled 
workmen. A four-years’ course was given to 
apprentices, the first requirement being crafts :nan- 
ship. For the lower ratings, who had to operate 
and serve the machinery, it was necessary to cut 
down theory to a minimum consistent with a 
thorough knowledge of the machinery with which 
the men would have to deal. The initial training, 
however, must be sufficiently comprehensive to 
enable the more ambitious men to rise. 

Air Marshal Sir R. Victor Goddard, who followed, 
emphasised the President’s remarks on the integra- 
tion of national service training with engineering 
training, and said that some compromise was 
necessary on the lines laid down. He welcomed the 
proposal that the universities should agree to release 
certain engineering students for their national 
service training after their first year, when they 
might go to the technical training college at Halton. 
In time of peace, the Royal Air Force could get 
adequate numbers of the best men in the country, 
but nowadays the greater part of the trainees were 
conscripted men. In general, the Air Force could 
only afford to give those men four or five months 
of training, as, after six months of useful work and 
one month of leave, their year ended. 

Mr. K. R. Evans, the next speaker, referred to 
the question of obtaining practical experience at an 
early stage in the training of the engineer. He said 
that, some 20 years ago, the Metropolitan-Vickers 
Electrical Company had decided to recruit those 
who wished to qualify and to encourage them for 
their own good and for that of the country. A few 
university professors at that time had welcomed the 
scheme, but others did not. As a member of the 
Institution of Electrical Engineers Education and 
Training Committee, he was aware that, at the 
present time, professors at universities and teachers 
in the technical colleges welcomed men who had 
had practical training. He agreed with the Presi- 
dent’s remark that, if a gap of a year in his academic 
work was going to wreck a student’s knowledge of 
mathematics and science before he proceeded to 
apply it, his knowledge must be in such a volatile 
form that it was of little real value. If there were 
any doubt on the matter, however, employers 
could release the student for one day a week for 
continuation studies; and most firms of repute 
did this. 

Mr. C. A. Hankey, who said that he had to 
advise large numbers of persons as to the best 
procedure to follow in shaping their future careers, 
thought that the object of university education was 
to fit a man for his work in later life. He had been 
impressed, however, by the large number of students 
who had little idea of the branches of engineering 
they would like to follow. This applied to many 
men who had taken a prominent part in university 
activities and to ex-Service men who had held 
responsible positions in the Services. It had been 
said, he continued, that young men should be 
informed, as early as possible in the course of their 
engineering training, regarding the prospects and 
opportunities available in the profession, so that 
they could decide on the work for which they were 
best suited. In this connection, much useful work 
was being done by the University Appointments 
Board, but many young men did not avail them- 
selves of the Board’s help. Regarding the best time 
for national service, one of the most difficult require- 
ments to meet was that of officers for the technical 
arms, and university graduates in engineering pro- 
vided one of the most fruitful sources of recruit- 
ment for this service. He felt that, if military 
service were given after the intermediate year and 
before proceeding with Parts 1 and 2, the young 
men would generally be too immature to become 
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officers, and would be insufficiently trained on the 
engineering side. Under the National Service Act, 
young men in the 1929 and following age groups 
would be permitted to do their national service at 
practically what age they chose. If too many 
potential engineers did their national service at too 
early an age, however, difficulties would arise in the 
Service Departments. From the point of view of 
young engineers, however, there was a good deal to 
be said for doing national service at a later stage, 
after they had taken their degrees. 

Dr. W. Abbott, O.B.E., who continued the dis- 
cussion, said the engineering industry took about 
30,000 new entrants each year. That figure included 
about 1,200 graduates and 1,500 men with Higher 
National Certificates, and the bulk of the 2,700 
achieved professional status ultimately. He be- 
lieved that there were two types of individuals 
likely to be leaders in the engineering profession 
eventually, and one of these was better in the 
university right away; the other was better in 
industry right away. The ‘Churchills” were of 
the latter type. Some held that the “ Churchills ” 
might be the better for university training, but he 
held the view that they might equally well be ruined 
thereby. Those who entered industry at 16 or 18 
years of age and who took their education concur- 
rently were those to whom the technical colleges 
should pay great attention. Technical colleges 
undertook graduate work, but he thought their 
particular duty was the care and education of those 
already in industry. At the present time, half the 
young apprentices received their education wholly 
during the day-time, which was a good and entirely 
new development. In many cases, the release time 
amounted to two whole days a week, which would 
give them as much time as they would have in the 
universities. 

Sir Henry Tizard, F.R.S., President of the 
Association, who had entered the meeting during 
the discussion, was invited to speak by Wing 
Commander Cave-Browne-Cave. He said that, in 
his opinion, it was better for young men to do their 
national service training between school and uni- 
versity, and that was especially true in the case of 
those who entered the university through scholar- 
ships or exhibitions. Such men were very often 
overworked when they came up, and were tired out, 
but after discipline and training in the Services, 
they would enter the universities fresher. There 
was not an adequate supply of the men who could 
translate the advances of science into practical 
engineering, and Sir Henry asked whether sufficient 
inducement was given to the best products of the 
best technical schools to go to a university. In this 
country, there was little inducement for the best 
scientific men to obtain engineering qualifications 
and training. At one time, the Department of 
Scientific and Industrial Research had offered large 
numbers of research studentships to men from 
the Navy, who had taken a good degree in science, 
to do two years’ research work ; but there was no 
emolument or prize, so far as he knew, to induce 
such men to spend two years on engineering educa- 
tion. He hoped the policy had been changed, and 
that research studentships would be open to men 
having high degrees in science to devote themselves 
to higher engineering education. That, he believed, 
would improve matters rapidly. 

The time available having elapsed, Wing 
Commander Cave-Browne-Cave then adjourned the 
discussion until the morning of Wednesday, 
September 15. 

In the afternoon a party of members visited the 
works of Messrs. C.V.A. Jigs, Moulds and Tools, 
Limited, at Hove, another party visiting the South- 
wick power station of the British Electricity 
Authority. Adjoining the latter, a new station is 
under construction and the members were able to 
mspect the piling for the foundations in progress. 


MEASUREMENT OF STRESS AND PRESSURE. 


Another innovation at this year’s meeting was the 
delivery of papers in the evening at a time judged 
to be convenient for the staff of local engineering 
firms, since the younger members would not be 
able to attend the morning meetings of the sec- 
tion. The first of these lectures was delivered by 
Mr. J. G. G. Hempson, of Messrs. Ricardo, in the 


—— 


evening of Thursday, September 9, and was entitled 
“An Engineer’s Problems in the Measurement of 
Stress and Pressure” ; the lecture will be reprinted 
in an early issue of ENGINEERING. The meeting was 
well attended, a circumstance which suggests that 
the innovation was appreciated. 

After the lecturer had been introduced by the 
chairman, Wing Commander Cave-Browne-Cave, 
Mr. Hempson delivered his lecture and demonstrated 
some of the apparatus referred to. In particular, he 
demonstrated the measurement of stresses in a 
vibrating steel cantilever, measured by strain 
gauges connected through an amplifier to a cathode- 
ray oscillograph ; other apparatus for the measure- 
ment of stresses and pressures was also shown. 

The first speaker in the discussion that followed 
was Dr. J. A. Pope, who said that methods of mea- 
suring instantaneous values of stress by converting 
movement into electrical energy were essential for 
the advancement of engineering science, and he 
fully appreciated their value, but advancement in 
many branches of engineering technology would 
depend on an improvement of those methods. As a 
mechanical engineer, he was waiting for an oscillo- 
graph which would never go wrong, for when such 
an instrument got out of order he, personally, could 
do nothing to correct it. He thought the reliability 
could be increased by a more generous design of 
components. He suggested that manufacturers of 
such apparatus were too much concerned with 
keeping down the cost of their instruments, and 
felt that they should endeavour to produce really 
reliable instruments independently of cost. It 
seemed that there was a tendency to disregard the 
older optical methods in favour of the electrical, 
but there were many problems for the solution of 
which the former were more straightforward and 
reliable. 

To this the author replied that there was a ten- 

dency, perhaps more in the United States than here, 
to use experimental methods mainly on account 
of their novelty and not because they were the 
most appropriate. Lack of reliability was probably 
mainly due to considerations of cost, for reliability 
could be increased to almost any extent. There 
was also a tendency to make instruments too com- 
pact. At his works, the policy was to divide 
apparatus into as many units as possible and to 
make them interchangeable. There was a firm 
rule never to attempt to service the units in use, but 
to remove a defective unit and replace it with a 
serviceable one before looking for the cause of the 
trouble. The difficulty with some of the optical 
and mechanical methods of measurement was lack 
of flexibility. A mechanical or optical indicating 
instrument usually had to be designed round a 
particular application, and it was not easy to apply 
it to a different problem without a considerable 
delay. 
Mr. L. Bainbridge-Bell, the next speaker, agreed 
with Dr. Pope’s remarks on lack of reliability, and 
with the view that it was chiefly due to “ miniaturi- 
sation.” Referring to a particular oscillograph on 
the market, he said he had tried to draw a wiring 
diagram for the amplifier and to discover where the 
components were, and had had to take off the front 
panel and the lid before he could obtain access to 
the components. If the manufacturers had left a 
little extra space inside the apparatus, many of the 
components could have been attended to without 
having to take off the lid. A more generous pro- 
vision of test points would also be helpful, together 
with a handbook to indicate where to test. Mr. 
Bainbridge-Bell also referred to a method whereby 
three quantities were shown on a tube, apparently 
simultaneously, what appeared to be a perspective 
representation being shown on the tube with the 
three co-ordinates reflected in three directions. 

To this Mr. Hempson replied that “ miniaturisa- 
tion ” was a source of trouble, but it could be satis- 
factory if properly carried out. He felt that, for 
industrial equipment, any component should be 
removable without disturbing any other. 

Dr. E. Hughes said the lecture indicated how 
essential it was for the mechanical engineer to have 
a sound training in electrical engineering. This, he 
added, confirmed the point made in the presidential 





address to the Section, namely, that the training of 
an engineer should be on a very wide basis. 





The only other speaker in the discussion, Dr. A. S. 
Leah, said he had had considerable experience with 
indicator diaphragms which had to be very carefully 
designed. Variations of calibration were due to a 
number of factors, one of which was the lack of 
suitable materials for the diaphragm. _Difficul- 
ties due to uneven temperature on a diaphragm 
could be overcome by using Invar. The tempera- 
ture of the housing which held the diaphragm varied 
with the temperature in the room in which it was 
situated, but this difficulty could be overcome by 
making the diaphragm flexible by corrugation. If 
the effects of temperature differences could be taken 
into account in the design, an excellent indicator 
could be provided. Optical systems had only a 
relatively low frequency response, but had high 
accuracy of calibration. It seemed, therefore, that 
mechanical and optical methods should be borne 
in mind for particular purposes, but for general 
applications, involving a high range of frequency of 
response, the cathode-ray unit had the advantage. 

Mr. Hempson, in responding, endorsed the remarks 
of the previous speaker to the effect that the 
diaphragm presented a difficult problem. Distor- 
tion of the diaphragm, except that it changed 
its rate, did not affect the system adversely, but 
merely caused an initial zero shift. If the dia- 
phragm temperature were kept between 100 deg. 
and 150 deg. C., he had not found any great change. 
The material which his organisation had found to be 
most suitable for diaphragms of all kinds was 
beryllium-copper. It could be handled and ma- 
chined in the soft condition and precipitation- 
hardened by the usual methods without much dis- 
tortion. A yield point in the region of 50 to 60 tons 
per square inch could be obtained, and, below that, 
the material showed very little departure from 
Hooke’s law. He did not regard the diaphragm as 
one of the more troublesome links in the chain. 
Electrical drifts, the behaviour of photo cells or 
lamps, or dielectrics, were usually more troublesome 
than the diaphragm, assuming that the usual pre- 
cautions were taken. 

The chairman, in concluding the discussion and 
commenting on Dr. Pope’s remarks, said there was 
an important distinction between an instrument 
which could be used by ordinary engineers and one 
which could be developed and adapted by experts 
to meet all demands. When a man such as the 
author developed a device which could be used for 
something hitherto impossible, it was important to 
convince manufacturers that it was worth while to 
produce it in a form in which it could be used by 
people who did not wish to modify it or carry out 
any adjustments. There was a great demand for 
such instruments. Congratulating and thanking 
Mr. Hempson for his lecture, the chairman said the 
information he had given was of the greatest value. 
If a firm or organisation needed to use equipment 
of the kind that had been discussed, the proper 
course was to engage an expert who could not only 
use it, but could also develop and improve it. 


(To be continued.) 





GLOUCESTER TECHNICAL COLLEGE.—Part-time day 
and evening courses at the Technical College, Gloucester, 
prepare students for Ordinary and Higher National 
Certificates in Mechanical Engineering and for Ordinary 
Certificates in Electrical Engineering and in Building. 
Courses in the Science Department lead to the National 
Certificate in Chemistry and to London University 
examinations in science subjects. Full-time, part-time 
day, and evening courses in languages and other subjects 
are also avai'able in the Commerce Department. Copies 
of the prospectus giving details of the above courses are 
obtainable from the Principal of the College. Classes are 
due to commence on Monday, September 27. 





NORTHAMPTON POLYTECHNIC, LONDON.—Particulars 
of the part-time day and evening courses in engineering 
available at the Northampton Polytechnic, St. John- 
street, London, E.C.1, are contained in a recently-issued 
prospectus. The Polytechnic prepares students for 
National Certificates in Engineering, Applied Physics 
and Chemistry, the London University Degree in Engin- 
eering and other examinations. The prospectus, copies 
of which may be obtained from the secretary of the 
Polytechnic at the above address, contains full par- 
ticulars regarding courses ef study, time tables, prizes 
and grants open to students, tuition and examination fees 
and other matters. The 1948-49 session begins on 
Monday, September 27. 





282 


ENGINEERING. 





SEPT. I 


7, 1948. 





FLYING DISPLAY OF BRITISH 
AIRCRAFT. 


(Continued from page 259.) 


As mentioned on page 258 of our issue for last week, 
the display of jet-propelled aircraft was by no means 
limited to military machines; in addition to the 
Nene-Viking already described, an Avro-Tudor civil 
aircraft fitted with four Rolls-Royce Nene turbo-jet 
engines was on exhibition. This aircraft, which has 
been designated the Tudor VIII, is illustrated in Fig. 7, 
on this page, where it is shown in flight; it has been 
produced by Messrs. A. V. Roe and Company Limited, 
Greengate, Middleton, Manchester, in conjunction with 
Messrs. Rolls-Royce, Limited, of Derby. The Tudor 
VIII is based on the well-known Tudor IV and has been 
developed in order to investigate flight at high speeds 
and altitudes; as a consequence, the fuselage is not 
fitted out for carrying passengers, but contains instru- 
ments and recording apparatus. As will be seen from 
the illustration, the four Nene engines are fitted within 
two streamlined nacelles, there being two engines in 
each nacelle. The aircraft has a span of 120 ft., a 
length of 85 ft. 3 in. and a height of 24 ft., the wing area 
being 1,421 sq. ft. The fuselage has a diameter of 
10 ft., and at the maximum all-up weight of 80,000 lb. 
the cruising speed at 25,000 ft. is 350 miles an hour. 
The rate of climb at sea level is 2,930 ft. per minute 
and the service ceiling is 44,000 ft. The Tudor VIII was 
only completed immediately prior to the exhibition, so 
it is not possible to publish a complete description of 
the machine at this stage. 

Another interesting new aircraft, also exhibited for 
the first time, was the Hermes IV passenger liner 
constructed by Messrs. Handley Page, Limited, 
Cricklewood, London, N.W.2. This aircraft is of 
particular interest as 25 have been ordered by the 
British Overseas Airways Corporation for use on their 
Empire routes, the aircraft having been specifically 
designed for this purpose. The Hermes IV is illus- 
trated in Fig. 8, on this page, from which it will be seen 
that it is a four-engined low-wing monoplane, fitted with 
a tricycle undercarriage. It has a length of 97 ft., 
a span of 113 ft. and a wing area of 1,408 sq. ft. The 
fuselage is both pressurised and sound-proofed and, 
although it can be fitted with seats for 63 passengers, 
it has been decided by B.O.A.C. to fit seating accommo- 
dation fer only 40 passengers, thus giving greater 
comfort and allowing the provision of large dressing 
rooms, an important consideration for aircraft employed 
on Empire routes. It is fitted with four Bristol Her- 
cules type 763 engines, each of which develops 2,100 h.p. 
at take-off. The engines drive reversible-pitch pro- 
pellers which, in addition to reducing the wear on the 
brakes, reduce the landing run by as much as 40 per 
cent. The three undercarriage legs are fitted with twin 
wheels and tyres, and the nosewheel can be steered 
through 170 deg., thus facilitating movement on the 
ground. During the design of the aircraft, particular 
attention was paid to safety ; for instance, it is impos- 
sible to take off with the control surfaces locked, as 
the parking locks for ailerons, rudder and elevator 
are interconnected with the engine throttles so 
that they are released automatically once the fast 
taxying position is reached. Furthermore, the control 
mechanism has been arranged so that it cannot be 
reversed inadvertently. With the same object in 
view, maintenance has been made as simple as 
possible by designing the aircraft so that access can 
be gained to such services as hydraulic or electrical 
circuits from the exterior of the machine. 

The maximum take-off weight for the Hermes IV is 
82,000 Ib. and the maximum landing weight, 75,000 Ib. 
The maximum level speed is 357 miles an hour at 
20,000 ft., the corresponding cruising speed being 
312 miles an hour. The rate of climb at sea level is 
1,020 ft. per minute and the service ceiling is 25,000 ft. 
When flying at a speed of 298 miles an hour at an alti- 
tude of 25,000 ft., the payload for a range of 2,000 miles 
in still air is 13,700 lb. The maximum-capacity pay- 
load for the 40-seat version is 12,752 lb. and for the 


63-seat version, 17,000 lb., which is the structural limit. | As 


The maximum range in still air is 3,625 miles. 

As in the case of the Tudor VIII, the Hermes [V 
was completed only just in time to appear at the 
exhibition, so that further details must await a 
later description. Two more versions of the Hermes 
are in the course of development, however, the 
Hermes V and the Hermes VI. The Hermes V will 
be fitted with Bristol Theseus gas turbines and a 
prototype aircraft should be ready to fly in 1949. It 
has been estimated that the Hermes V will have a 
rate of climb of nearly 2,000 ft. per minute and a 
cruising speed of 338 miles an hour. Apart from the 
power units, the Hermes V will be identical with 
the Hermes IV. The Hermes VI is a development 
of the Hermes IV and involves considerable structure- 
weight reductions; as a consequence, it will have a 
range of 3,900 miles. 

essrs. Percival Aircraft, Limited, were exhibiting 
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the new feeder-line aircraft illustrated in Fig. 9, on 
this page. It has been designated the Prince, and is 
intended to carry from eight to ten passengers at cruis- 
ing speeds up to 180 miles an hour over a range up to 
800 miles. The design is based largely on the Mer- 
ganser, a description of which was given on page 306 
of our 164th volume (1947) ; but the Prince is fitted with 
two Alvis Leonides engines in place of the Merganser’s 
Gipsy engines, and, in consequence, is somewhat larger. 
will be seen from the illustration, the Prince is a 
high-wing monoplane fitted with a tricycle under- 
carriage. The high-wing form of construction gives 
easy access to the passenger saloon and, in addition to 
giving the passengers an uninterrupted view of the 
ground when flying, avoids glare from the wing. 

The Prince is of metal construction throughout. 
The fuselage is made in two portions, namely, the nose 
portion, which includes the pilot’s cabin, and the 
combined passenger saloon and tail portion. The wings 
are built up from light alloy and comprise one main 
spar and one subsidiary spar, the latter supporting 
the ailerons and flaps. Both wings are attached directly 
to the fuselage, no centre section being employed ; 
this is accomplished by fitting upper and lower lugs 
at the inboard end of each spar, the lugs being pinned 
to two light-alloy forgings which extend across the 
fuselage and act as main frames down to shoulder 
height. Each wing carries a 55-gallon flexible-bag 








“ Prince’’ Feeper-Line ArrorarFt; Messrs. PerctvaL AIRCRAFT, LIMITED. 


type of tank between the engine and fuselage, and a 
35-gallon tank of similar construction in the portion 
outboard of the engines; the leading edges are 
designed to accommodate TKS de-icing units. N.A.C.A. 
slotted-type flaps are fitted and servo trimming tabs 
are fitted to each aileron, the port tab being adjustable 
from the pilot’s seat. The tail plane, elevators, fin and 
rudder are also of light-alloy construction, and, like 
the main plane, the leading edges of the tail plane and 
fin are designed to take T.K.S. de-icing units. The 
tricycle undercarriage is completely retractable, each 
main unit comprising an oleo-pneumatic leg which 
folds upwards and rearwards into the nacelle fairing 
by pneumatic retraction. The track of the under- 
carriage is’ 16 ft. 6 in. and pneumatically-operated 
brakes are fitted to each main wheel. The nose-wheel 
unit is of the non-steerable self-centring type and is 
capable of being rotated through 360 deg. It com- 
prises an oleo-pneumatic leg with twin wheels, arranged 
to fold backwards into the nose of the fuselage. Tyre 
pressures are limited to 40 lb. per square inch, thus 
making the aircraft suitable for use on grass airfields. 
The two Alvis Leonides type 501/4 nine-cylinder 
radial engines are fitted to. the leading edge of the 
wing. The type 501/4 engine has a bore and stroke of 
4-80 in. and 4-41 in., respectively, the maximum 
take-off rating at sea level being 505 brake horse-power. 
The engines are arranged to drive 9-ft. diameter 
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de Havilland all-metal constant-speed feathering and 
braking propellers, the blades of which are fitted with 
de-icing equipment. Each engine forms a complete 
power plant, which is carried by a welded tubular 
mounting; this, in turn, is attached to the fire wall 
at four points. Each air intake incorporates an air 
filter which can be brought into operation when 
required, the intake assemblies being protected by 
automatic back-fire valves. 

The Popes saloon is exceptionally large for this 
PR of aircraft, having a length of 15 ft., a width of 
5 ft. 6 in., and an unobstructed height of 6 ft.; this 
provides 65 cub. ft. of space for each passenger, more 
than is commonly found on larger aircraft. The 
main entrance door is on the port side at the rear of the 
cabin and has a height of 5 ft. 2 in. and a width of 
2 ft. 4 in.; the entrance is so constructed that, when 
loading freight, the width can be increased to 4 ft. 2 in. 
by opening an additional door. The toilet compartment 
is at the after end of the passenger cabin and has been 
designed so that it can be removed when the aircraft 
4s required for the carriage of freight. The luggage 
stowage is aft of the toilet compartment and has a 
capacity of 55 cub. ft.; it is reached through a door 
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adjacent to the passenger entrance. To permit the 
carriage of heavy freight, the floor of the main passenger 
saloon is designed for concentrated loads. 

The Prince has an overall length of 42 ft. 11 in., an 
overall height of 16 ft. 1 in., a span of 56 ft., and a wi 
area of 365 sq. ft. The all-up weight is 10,650 Ib., 
which gives a wing loading of 29-20 lb. per square foot. 
The maximum s at sea level is 210 miles an hour, 
and, at an altitude of 5,000 ft., 222 miles an hour. The 
cruising speed at an altitude of 10,000 ft. and at 35 per 
cent. take-off power is 140 miles an hour, this figure 
increasing to 177 miles an hour at 50 per cent. take-off 
power. The rate of climb at sea level is 1,050 ft. per 
minute and, at 10,000 ft., 1,150 ft. per minute, while the 
service ceiling is 24,000 ft. At an altitude of 10,000 ft. 
and at 35 per cent. take-off power, the aircraft has a 
range in still air of 800 miles, this figure falling to 710 
miles at 50 per cent. take-off power. The stalling speed, 
with flaps down and engines off, is 76 miles an hour. 

The introduction of jet-propelled aircraft has given 
rise to new tage in training, the stage between 
elementary flying training and squadron service 
having assumed much greaterimportance. As a conse- 
quence, many types of training aircraft have been 


developed during the past few years, several of which 
were exhibited at Farnborough. One of these, the 
Athena, is illustrated in Fig. 10, on this page; it is 
manufactured by Messrs. A. V. Roe and Company 
Limited, Middleton, Manchester, and, as will be seen 
from the illustration, is a low-wing single-engine 
monoplane. It can be fitted with an Armstrong- 
Siddeley Mamba or a Rolls-Royce Dart propeller- 
turbine engine ; alternatively, it can be supplied with 
a Rolls-Royce Merlin piston engine. The aircraft 
illustrated, however, is fitted with a Mamba engine, an 
illustrated description of which was given in ENGINEER- 
ING, vol. 165, page 583 (1948). 

The cockpit of the Athena is designed to accommo- 

date two pilots sitting side by side and a passenger 
seated behind the first pilot, an arrangement which 
allows two pupils to be instructed at the same time ; 
the fuselage, therefore, is somewhat wider than usual. 
This component is assembled in two halves, the joints 
being on the vertical centre line. It is of monocoque 
construction except at the cockpit opening, where 
bending loads are taken by two longerons and the 
floor members. Pressed channel-section formers are 
notched to receive angle-section stringers and the pre- 
formed skins are riveted to both formers and stringers. 
The fin is integral with the tail-end structure, which, 
pocely speaking, is of similar construction to the 
uselage. A fireproof bulkhead separates the power 
plant from the cockpit. The jet pipe passes through 
the bulkhead and exhausts low down and on the star- 
board side of the fuselage, approximately midway 
between the wing and tail. The wing is built in five 
sections, namely, a centre section, two outer sections 
and two wing tips. It is of two-spar pressed-rib light- 
alloy construction, the skin being riveted in spanwise 
strips to the ribs and spar booms. Frise-type ailerons 
with spring-tab control and split trailiag-edge flaps 
are fitted, and these are of all-metal construction. 

The cockpit canopy, which can be jettisoned, pro- 
vides a good field of view in all directions, and is 
fitted with a two-stage amber screen for simulation 
of night-flying conditions during the day time. Push- 
pull light-alloy tubes are used throughout for the 
main flying controls, and chain-and-cable operated 
longitudinal and directional trimmers are controlled by 
a single unit in the cockpit. The undercarriage has 
a track of 12 ft. l in. The main wheels of this unit 
are mounted on cantilever struts to the centre-section 
front spar, and fold upwards and inwards into the 
leading edge, the complete undercarriage being enclosed 
by doors when in the retracted position. The tail wheel 
is steerable and is linked to the rudder control ; it can 
be disengaged, however, by manipulation of a lever 
in the cockpit. 

The Athena has a length of 35 ft. 10 in., a height of 
12 ft. 3in. and a span of 40 ft., while the wing area is 
270 sq. ft. The maximum cruising speed at sea level 
is 249 miles an hour and, at an altitude of 20,000 ft., 
256 miles an hour. The maximum speed at sea level 
is 282 miles an hour, this figure increasing to 291 miles 
an hour at an altitude of 20,000 ft. The rate of climb 
at sea level is 2,640 ft. per minute and, at an altitude 
of 20,000 ft., 1,220 ft. per minute, the estimated service 
ceiling being 34,800 ft. The stalling speed with flaps 
down is 80 miles an hour and the diving speed with 
dive brakes, 325 miles an hour. 

Another all-purpose advanced service-training ma- 
chine, the Balliol, is illustrated in Fig. 11, on this page ; 
it is manufactured by Messrs. Boulton Paul Aircraft, 
Limited, Wolverhampton, and, av will be seen from the 
illustration, it is a low-wing single-engine monoplane. 
Three different types ef the Balliol are available, the 
Mark I fitted either with an Armstrong-Siddeley Mamba 
or a Rolls-Royce Dart propeller turbine engine; the 
Mark 2, which is fitted with a Rolls-Royce Merlin 
engine ; or the P 108, with a Bristol Mercury engine. 
The aircraft illustrated, however, is fitted with a 
Mamba engine, which, as on the Athena, is arranged to 
exhaust through a discharge orifice situated in the lower 
starboard portion of the rear fuselage. Side-by-side 
seating is provided for the instructor and pupil, and, 
on the Mark 1 and P 108 versions, a third seat is pro- 
vided for a second pupil. Amber filters for simulating 
night-flying conditions are provided. The windscreen 
filter is located behind the instrument panel and 
brought into use by a pneumatic ram. Naval require- 
ments are covered in the design, the outer wings being 
arranged to fold, while the undercarriage has ample, 
shock-absorbing qualities for deck landing; provision 
is made also for fitting an arrester hook. 

Orthodox constructional methods have been used 
throughout the structure and all joints on wings, engine 
mounting, tail plane, fin, etc., are fitted with replace- 
able bushes to provide for wear. The main structure is 
of light-alloy stressed-skin construction except at the 
nose portion of the fuselage which is built up from 
light-alloy and steel tubes. The undercarriage com- 
prises two single-cantilever oleo-pneumatic legs which 
retract into the leading edge of the wing inner sections. 
The legs are retracted pneumatically, but a mechanical 





release of the up-lock is provided for emergency lowering 
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by gravity should the normal mechanism fail. The 
tail wheel is steerable and is connected to the rudder 
control ; this can be di at will from the cockpit 
and the tailwheel can be locked in the fore-and-aft 
position for take off. Fuel is carried in thtee crash- 
proof tanks, one in the fuselage and one in each inner 


wing. 

The overall length of the Ralliol Mark 1 is 36 ft. 6in., 
the height 12 ft. 6 in., the span 39 ft. 4 in. and the wing 
area 250 sq. ft. The maximum continuous cruising 
speed is 269 miles an hour at an altitude of 10,000 ft. 
and 272 miles an hour at 20,000 ft., while the maximum 
speed at 20,000 ft. is 307 miles an hour. The time 
taken to reach an altitude of 15,000 ft. is 8-40 minutes 
and the service ceiling 36,750 ft. 

The difference between the performance of the two 
training aircraft just described, and modern jet-propelled 
fighter aircraft, however, is still considerable and to 
bridge this gap, the Gloster Aircraft Company Limited, 
have evolved the Meteor Trainer. This aircraft is 
illustrated in Fig. 12, on page 283, which shows it in 
flight and it will be apparent that it is similar to this 
firm’s well-known Meteor fighter. It is fitted with full 
dual controls, the instructor and pupil being seated in 
tandem beneath a single Perspex canopy- hood. 
The aircraft is fitted with two Rolls-Royce Derwent 
Mark V turbo-jet engines, the take-off rating of which 
is 3,500 Ib. thrust at 14,600 r.p.m. Stressed-skin con- 
struction is employed throughout, the fuselage being 
built round four main longerons, while both main and 
tailplanes are of conventional two-spar high-speed 
section. 

The aircraft has a span of 37 ft. 2 in., an overall 
ns of 43 ft. 6 in. and a height over the rudder of 
13 ft. At sea level the maximum speed is 585 miles an 
hour and the maximum cruising speed 530 miles an 
hour, these figures falling to 530 and 470 miles an hour 
respectively at an altitude of 40,000 ft. The rate of 
climb at sea level is 7,920 ft. per minute and at an alti- 
tude of 40,000 ft., 1,550 ft. per minute ; the absolute 
ceiling is 48,500 ft. At an all-up weight of 14,000 lb., 
the total distance required at take off to clear a 50-ft. 
obstacle is 2,350 ft., and at landing 2,800 ft. The range 
at sea level is 250 miles and at 40,000 ft., 520 miles ; 
a drop tank can be fitted, however, which increases the 
range at sea level to 385 miles and at 40,000 ft. to 
820 miles. 

(To be continued.) 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ FutTaLa.”—Single-screw cargo vessel, built by 
Messrs. William Denny and Brothers, Limited, Dum- 
barton, for the British India Steam Navigation Company, 
Limited, London, E.C.3. Main dimensions: 380 ft. by 
54 ft. by 37 ft.; deadweight capacity, about 7,250 tons 
on a loaded draught of 24 ft. 6 in. Triple-expansion 
engine supplied by Messrs. Rankin and Blackmore, 
Limited, Greenock, with three oil-burning boilers, 
developing a service speed of 114 knots. Launch, 
August 19. 


M.S. “‘“Ker Yar Vor.”—Single-screw trawler, built 
and engined by Chantiers et Ateliers Augustin Normand, 
Le Havre, France, for Messrs. Quéré, Jégo and Company, 
Lorient. Main dimensions: 105 ft. by 23 ft. by 13 ft. 3in. 
Penhoét-Normand-M.A.N. Diesel engine, giving a speed 
of 10} knots. Launch, August 20. 


M.S. “ BRITISH LIBERTY.”—-Single-screw tanker, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. Main dimensions: 
490 ft. by 61 ft. 9 in. by 34 ft. 1 in.; deadweight 
capacity, about 12,300 tons on a draught of 27 ft. 7 in. 
Four-cylinder opposed-piston Doxford oil engine, of 
3,300 b.h.p., developing a speed of 114 knots. Launch, 
September 2. 


S.S. “* PELENs.’”’—Single-screw liner, carrying 29 first- 
class passengers, together with general and refrigerated 
cargo, built and engined by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for Messrs. Alfred Holt 
and Company, Liverpool, 2. Main dimensions; 478 ft. 
(between perpendiculars) by 68 ft. by 38 ft. 6in.; dead- 
weight capacity, about 11,000 tons. Parsons-type tur- 
bines witb double-reduction gearing, with two Foster 
Wheeler water-tube boilers. Launch, September 3. 


M.S. “ Cap JuBy.”—Single-screw trawler, built and 
engined by Chantiers et Ateliers Augustin Normand, Le 
Havre, France, for Mr. Emile Noél, Locmaria Groix, 
Morbihan, France. Main dimensions; 105 ft. by 23 ft. 
by 13 ft.3 in. Penhoét-Normand-M.A.N. Diesel engine, 
giving a speed of 103 knots. Launch, September 3. 


M.S. “ HALLVEIG FRODADOTTIR.””—Single-screw traw- 
ler, built by the Goole Shipbuilding and Repairing Com- 
pany, Limited, Goole, for the Icelandic Government. 
Main dimensions: 170 ft."by 29 ft. 6 in. by 15 ft. 6 in. 
Diesel engine of 1,200 b.h.p., supplied by Messrs. Ruston 


LABOUR NOTES. 
THe ‘80th annual meeting of the Trades Union 
Congress, which was held in Margate, closed on Septem- 
ber 10, after having been in session for five days. 
During this period, Congress disposed of an agenda 


which origi contained 86 resolutions and ten 
amendments. is long agenda was, however, reduced 
to more manageable proportions by the T.U.C. general 


council, a meeting of which took place at Margate 
during the week-end preceding the meeting of the 
main . Some 860 delegates, from 188 unions 
having a total membership at the end of 1947 of 
7,791,000, had been appointed. This huge membership 
figure of the constituent unions established a record, 
and was an increase of over 250,000°on the total for 
the end of the previous year. It included nearly 
one and a quarter million women members. 





The future of the iron and steel industry was con- 
sidered by Congress on September 8, when.a resolution 
was introduced by @ representative of the Amalgamated 
Union of Foundry Workers, which ‘weleomed the 
Government’s assurances that legislation for the 
industry’s nationalisation would be placed on the 
Statute Book during the present Parliament, but asked 
for immediate nationalisation measures by Government 
decree, as a pre-requisite to the prompt re-organisation 
and ¢é ion of steel production. The proposer 
said that foundry production, which had achieved 
a record during the first six months of 1948, would 
be limited in the future by lack of raw materials, not 
by man-power shortage. He added that the present 
owners could not be trusted to re-organise the industry, 
in view of their record between the wars. Mr. F. W. 
Elms, representing the Amalgamated Engineering 
Union, seconded the resolution and emphasised the 
importance of the industry by stating that the iron and 
steel supply affected directly the employment of some 
two ‘and ‘a half million persons in the engineering 
and shipbuilding industries. 





An amendment to the ‘resolution was moved by 
Mr. Lincoh Evans, of the Tron and Steel Trades 
Confederation, and-seconded bya representative of the 
National Union of Blastfurnacemen, Ore Miners, Coke 
Workers and Kindred Trades. This amendment 
rejected resort to Government decree, emphasised that 
the Government should take special care in determining 
the future of so complex an industry, and expressed 
appreciation of all sections of the industry—including 
rank and file, technicians and managements—whose 
efforts had attained new high levels of production. 
Mr. Evans said that those who criticised what the 
industry had achieved since the war ended, overlooked 
the existence of the Iron and Steel Board, which had 
been established by ‘the Government to see that 
production and improvement schemes were carried out. 
During the past two years, schemes had been approved 
which would cost more than’170 million . If the 
industry was in a position to produce 20 million tone 
in 1949, and it would require magical means to enable 
it to do this, who could guarantee that the industry 
would receive the necessary five million tons of ore and 
scrap, and the eight million tons of coal? After some 
discussion, the amendment was carried by a large 
majority. The main resolution, incorporating the 
amendment, was then passed with little opposition. 





The Congress debate on wages, profits, and prices 
occupied almost the whole of Thursday’s session. 
Two resolutions were laid before the delegates. The 
first had the support of the general council and, after 
the discussion, was carried on a show of hands by an 
overwhelming majority. This resolution sort to 
maintain the purchasing power of wages. It asked for 
effective Government action to control prices, to 
continue and, if necessary, extend cost-of-living 
subsidies, to review the incidence of purchase tax on 
articles for domestic use, and to limit profits. It was 
moved, on behalf of the National Union of Tailors 
and Garment Workers, by Dame Anne Loughlin, who 
said that the- upward trend of prices and profits since 
March justified a vigorous Government control of 
prices. The only alternative would be to press for 
wage increases. Dame Loughlin referred to the 
serious consequences on the industries concerned, of 
the removal of the subsidies on leather, cotton and 
wool, and said that stocks were piling up because of 
high prices, not because of coupon shortage. 





The second resolution on wages and prices, which 
‘was proposed by Mr. W. C. Stevens, of the Electrical 
Trades Union, was in conflict with the first resolution 
and with the general council’s own reports on the 
economic situation. After stating that trade-union 
support of the Government’s wage policy depended on 
prices and profits being reduced, and that the steps 


‘under any previous peace-time ‘Government. 


lution demanded the limitation of profits and dividends 
by statute. It also alleged ‘that ‘wages were insuflicient 
to maintain a reasonable standard of living and asked 
Congress to declare that it could not support a polivy 
to stabilise them at their present levels. ‘ 





During the debate on these resolutions, Mr. Arthur 
Deakin, of the Transport and General Workers’ Union, 
said that the rank and file agreed that the reduction 
of prices, which resulted in increasing the real value 
of wages, was the correct policy. Workpeople were 
anxious to avoid here the conditions which devaluation 
had in other ng poe countries. Mr. L, 
George, of the Association of Engineering and Ship- 
building Draughtsmen, asked Congress to support the 
Government’s policy and said that employees generally 
were better off at the present time than they had been 
Some 
people were worse off, but wo ple did not come 
into this class. The second resolution was lost, on a 
eard vote, by a majority of over three million votes. 





According to the Ministry of Labour and National 
Service, the official index figure of retail prices for all 
items fell by two points to 108, during the four weeks 
ending on July 13.- The figure for food only fell by 
five points, during the same period, also to 108. A 
substantial decline in the prices of potatoes was 
responsible for the fall in elk tentenems. The figures 
for all items and for food only were 108, in each case, 
on May 11, but, during the four weeks ending on June 
June 15, they rose to 110 and 113, respectively, thereby 
establishing a high record. The official index replaces 
the old cost-of-living index, and was instituted on 
June 17, 1947. It is based onthe average level of 
retail prices at that date, which are taken as 100. 
The cost of living thus rose b og cent. during the 
twelve months ending June 15, 1948. 





Changes in rates of wages in the United Kingdom, 
reported to'the Ministry of Labour and Nationa! Ser- 
vice as taking effect during July, have benefited some 
1,158,000 persons, whose full-time have been 
increased, at a total cost of about 128,000/. weekly. 
Of this sum, about 69,0001. resulted from the operation 
of sliding-scale arrangements for adjusting the cost of 
living, and about 49,0001. from direct negotiations for 
increases between employers and employees or their 
unions. In addition, during the same month, ap- 
proximately ten thousand persons employed in land 
drainage and in the button-making industry had their 
normal weekly hours of work reduced from 48 to 45. 
Their hourly rates of pay were increased so as to pro- 
vide about the same weekly wage as previously. Men, 
youths and boys in the iron-ore mining industry in 
Cumberland received small increases, due to the rise 
in the cost of living. 


Eighty-five disputes involving stoppage of work arose 
during . In addition, ten sto’ . which com- 
menced re July, continued into that month. Some 
eps ga were involved in these 95 disputes and a 
total of over 28,000 working days were lost during the 
month. Coal mining was responsible for 63 stoppages 
in progress during July, whereby 7,000 working days 
were lost by 4,700.miners. In the metal, engineering 
and shipbuilding industries, there was a total of twelve 
stoppages ; 12,000 working days were lost and 4,70) 
persons were involved, the same number as in the case 
of the coal-mining industry. Twelve stoppages, 
directly involving 1,200 persons, arose out of demands 
for higher wages and 22 stoppages, directly involving 
3,400 persons, on other wage questions. Three strikes 
arose on questions of trade-union principle. During 
the first seven months of this year, there have been 
1,140 sto , involving 323,300 persons and causing 
the loss of 1,610,000 working days. 








Britain’s efforts to provide social security for all, in 
spite of severe post-war economic difficulties, are 
referred to in the quarterly report of the General 
Federation of Trade Unions for the period ending 
June 30. The Federation’s general secretary, Mr. 
George Bell, writes: “Britain, through Parliament, 
has brought into operation the greatest scheme of 
social insurance the world has ever known, and this at 
a time when the economy of the country is sorely in 
need of expansion. It has been done in advance of 
some public and professional opinion, but, relatively 
speaking, without any serious opposition. The cost 
will be heavy. Although the cost of national insurance 
is wisely spread over persons employed, self-employed, 
employers and the State, it is always necessary to 
remember that all the contributions ate paid from the 
current earnings of the citizens, this is, from national 
income.” Mr. F. Worthington, J.P., a member of the 
management committee for twelve years, has been 








and Hornsby, Limited, Lincoln. Launch, September 4. 





already taken had ‘not ee vented a fall in wages in 
relation to prices and profits, which'were rising, the reso- 


elected chairman of the Federation. 
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FUEL AND POWER ECONOMY, WITH 
SPECIAL REFERENCE TO HEAT 
PUMPS.* 


By Prorsssor 8. J. Davizs and F. G. Warts.t 


We are all forced to-day to consider the economical 
use of fuel and energy, owing to their high costs and 
restricted supply, and in this fact lies the primary 
reason for writing this paper. A second reason is 
to be found in the requirement that, in order to keep 
up our national standard of life, our labour force 
must be employed to the best advantage; for this, 
low-grade manual work must be reduced and high-grade 
productive work encouraged, and this can best be 
brought about by a wider application of mechanical 
equipment. The authors hope to show, therefore, 
firstly, that considerable economies may be brought 
about in many thermal operations by the adoption of 
mechanical aids such as heat pumps and, secondly, 
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that a better utilisation of labour would follow this 
adoption. 
eat pumps work on the same cycles of operation 
and employ the same organs as refrigerators, and are 
thus, similarly, reversed heat engines. It will be 
recalled that, in a heat engine using a liquid and its 
vapour as working substance (a steam engine for 
example}, heat Q, is taken in by the working substance 
(in the boiler) at an upper pressure P, and temperature 
T,; mechanical wel is done during the expansion 
in the engine to a lower pressure P, and temperature 
T,, and heat Q, is rejected (in the condenser) at these 
lower levels, the cycle being completed by a compression 
stage (boiler feed pump) in which the work done on the 
working substance is less than that done by the sub- 
stance in expanding. In an ideal engine, W, the net 
work done = Q,— Q,, so that the overall efficiency of 


Entropy, 


conversion of heat to work iso = ores which has 
Q: = Ww T, = Ts 


its highest value when a = — oe 
In the reversed ideal cycle, all these relationships 


* Evening lecture delivered before Section G of the 
British Association at Brighton on Monday, September 
13, 1948. Abridged. 

t Of King’s College, London. 
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continue to hold, but the practical functions of refri- 
gerators and heat pampe, respectively, are different. 
Refrigeration may efined as the removal of heat 
from a body colder than its surroundings. The object 
is thus to have Q,, the heat “‘ refrigerated,” as high as 
possible for a given expenditure of mechanical work, W. 


Qs _ Qs Ts called the 


T io — = > 
hus the ratio W-Q-@ -T, 
Coefficient of Performance, is the criterion of its 
operation. In heat pumps, it is desirable that Q,, 
the heat delivered at the upper temperature, should be 
as high as possible in relation to W ; so that the ratio 
1 Qi T, F 
w 0-0, 1-7, which may be termed the 
“ Performance Energy Ratio,”’* is the criterion. 
Although air and other gases, in certain circumstances, 
may be used as the working substances of heat pumps, 
the great majority of actual heat pumps use liquids 
and their vapours, and discussion will be limited to 
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installations of this type. The or of such installa- 
tions are thus the same as those of vapour-compression 
refrigerators, shown diagrammatically in Fig. 1. They 
are four in number, two heat exchangers, a compressor, 
and a regulator or throttle valve. In one heat 
exchanger, the evaporator, the working substance is 
at the lower pressure P, and receives heat from a 
medium at low temperature; in the other, the con- 
denser, the working substance is at the higher pressure 
P, and rejects heat to a cooling medium at a high 
temperature. The increase in pressure from P, to 
P, is effected by a mechanical compressor, either of the 
reciprocating-piston type or of rotary form, as in 
centrifugal or turbo compressors. The fall of pressure 





* In the United States, the term Coefficient of Perform- 
ance is used both for refrigerators and for heat pumps, 
clearly an undesirable custom. Dr. O. Faber employs 
the term “‘ Advantage ” (Proc. I. Mech.E., 1946, vol. 154, 
page 144). Mr. J. A. Sumner proposed “ Reciprocal 
Thermal Efficiency ” (Proc. I. Mech.E., 1948, vol. 158, 
page 22). The French use “ Coefficient of Amplifica- 
tion.”” None of these expressions, however, indicates that 
a ratio is in question; Performance Energy Ratio is 
preferred, since what is measured in actual cases is the 
ratio of those quantities of energy which determine the 
performance of a heat pump. 





t= 123°F. 
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285 
from P, to P, takes place during the flow of the working 
substance through the throttling valve or regulator. 
Pumps to circulate the heat-supplying and _ heat- 
receiving media may be auxiliaries. 

In refrigeration installations, the heat-supplying 
medium may be brine which conveys heat from the 
cold rooms and delivers it to the working substance 
in the eva tor. To effect the heat transfer, the 
brine must be at. a lower temperature than the contents 
of the cold room and at a higher temperature than 
the working substance in the evaporator. If the cold 
room is at 30 deg. F., say, the temperature of the brine 
may be 20 deg. F. and that of the working substance 
in the evaporator, 10 deg. F. In the condenser, the 
heat-receiving medium is usually air or water at or 
about atmospheric temperature, 60 deg. F., say, so 
that the temperature of the working substance must 
be higher than this to bring about a transfer of heat 
to the water and a saturation temperature of 90 deg. F. 
may be assumed. The necessary pressures, P. and P,, 
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in the evaporator and condenser, respectively, are the 
saturation pressures of the working su ce corre- 
sponding to the desired temperatures ; they are depen- 
dent, respectively, on the temperature in the cold 
room and on the temperature of the available heat- 
receiving medium in the condenser. 

In the case of heat pumps, the values of the upper and 
lower temperatures are determined by the practical 
conditions of the application, while the n corre - 
sponding saturation pressures depend on the icular 
working substance adopted. As an illustration of the 
simple application of a heat pump to space-heating, the 
installation shown in Fig. 2 will be taken.* This was 
built by Messrs. Escher Wyss, of Ziirich, for a market- 
gardener in Switzerland. The medium supplying 
heat is ground water, drawn from a depth of 23 ft. 
at temperatures ranging, throughout the year, from 
50 deg. to 54 deg. F. This water is pumped through 
the evaporator of the heat pump and, after giving up 
heat to the working substance and suffering a fall of 
temperature of about 7 deg. F., is discharged to waste ; 
this circuit is shown by a plain pipe. The medium 
receiving heat is the hot water of the heating system 
of the greenhouses. This water is circulated by the 





* H. Miller: Bulletin de Vl Association Suisse des 
Electriciens, No. 18, page 539 (1946). 
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hot-water pump, being drawn from the heating system 
at 104 deg. F., passed through the condenser, in which 
it receives heat from the working substance sufficient 
to raise its temperature to 122 deg. F., and delivered 
back to the heating pipes or radiators ; this circuit is 
shown by a plain pipe, the circuits with dotted lines 
connected to these pipes being referred to later. The 
working substance used was ammonia and its circuit is 
shown by a thick firm line. The ammonia is drawn, as 
vapour at low pressure, from the top of the evaporator 
into the compressor, compressed to the upper pressure 
and delivered to the condenser, in which it gives up heat 
and is condensed to liquid. It next passes to the 
regulator, in which it suffers a fall in pressure by throttl- 
ing and then enters, as a very wet vapour, into the 
evaporator, where it receives heat from the ground 
water and is vaporised, completing the ey Typical 
data for the installation are given in Table I, below. 
Before going on to consider this installation in detail, 
it is convenient to complete the comparison of typical 
conditions of operation of refrigerator and heat-pump 
installations. The saturation temperatures in the 
evaporator and condenser of the refrigerator were 


TABLE I.—Heat-pump Installation of Fig. 2. 





Ground-water Temperatures. 


Evaporator. . ..| Inlet 50deg.F.| Outlet 43 deg. F. 
Hot-water Temperatures. 

Condenser .. ..]| Inlet 104 deg. F. | Outlet 122 deg.F. 
Ammonia Temperatures. 

Evaporator. . a ..] Inlet 40 deg. F. |Outlet> 45 deg. F. 

Com ne sit --| os >45 deg. F. 0B 33 dew. F. 

Condenser .. >» 203 deg. F.| ,, f> 123 deg. F. 

Ammonia Pressures. 

Evaporator. . .| 73-3 Ib. per sq. in., abs., giving a 

saturation temperature of 40 deg. 

Condenser .. .| 299-7 Ib. per sq. in., abs., giving a 


—— temperature of 123 deg. 





taken as 10 deg. F. and 90 deg. F., respectively. For 
ammonia, the corresponding saturation pressures are 
38-5 lb. and 180-6 lb. per square inch abs., respec- 
tively, giving a pressure ratio of 4-7:1; while the 
corresponding values for the heat pump are 73-3 Ib. 
and 299-7 lb. per square inch abs., respectively, 
giving a pressure ratio of 4-09:1. The orders of the 
pressures in the heat pump thus rule considerably 
higher and represent a higher loading of the running 
gear. The actual saturation temperature ranges, 
(90 — 10) = 80 deg. F. and (123 — 40) = 83 deg. F., 
are about the same. Actually, with ammonia, the 
working pressures are seen to be very high; with 
Freon 12, for example, the corresponding pressures 
in the heat pump are 51-7 lb. and 178-5 Ib. per square 
inch abs., respectively. Apart, however, from the 
higher working pressures, following the higher tempera- 
tures of the working range of the heat pump, compared 
with those of the refrigerator, there is little difference 
in the conditions of operation, and the introduction of 
heat pumps involves little that is new in practical 
experience. 

In the installation of Fig. 2, the ground water 
necessary is 110 gallons per minute and a motor of 
1-5 kW is sufficient to drive the ground-water pump. 
The power required for the compressor is 35 kW, 
while a small motor suffices for driving the circulating 
pump for the hot water. The installation has replaced 
a direct-heating electric boiler and a set of three coal- 
fired boilers. In its first year of service it was subjected 
to certain conditions by the suppliers of electrical 
power: at the daily peak load of the supply, from 
10.30 a.m. to 12.0 noon, all electricity was cut off, 
and, in order to bridge this interval, the three boilers, 
indicated in Fig. 2 were left in circuit, as shown by 
the dotted lines, but without firing, to serve as hot- 
water accumulators; the gap was bridged without 
difficulty. .The control of the heat pump is fully 
automatic and is achieved through the medium of 
thermostats mounted on the supply and return pipes 
of the heating system. 

In the last year of operation before the installation 
of the heat pump, 196,240 kWh of electrical power 
and a quantity of coal not given in the article were 
consumed. With the heat pump in service, this was 
reduced to 65,000 kWh and nocoal. Leaving the saving 
in coal out of account, this represents an overall 
196,240 . 
65,000 3-02. This 
means to the owner a saving of over 135,000 kWh 
(as well as the coal) per annum, which, at 1d. per unit, 
is about 5631. ; against this must be placed the interest 
on the capital expended and any increase of main- 
tenance. In order to obtain an idea of the scale of 
this installation, it may be assumed to be in operation 
continuously during half the year. The mean rate of 
heat delivery by the original electric boiler is then seen 
to be 153,400 B.Th.U., or 1-534 therms, per hour. 

Further light is thrown on the conditions of operation 


performance energy ratio of 








of heat pumps of this type by consideration of the 
temperature-entropy diagram corresponding to the 
og of Table I. This is given by ABCDEFA in 

ig. 3, and, in deriving it, the following assumptions 
were made: (1) the dryness fraction of the ammonia 
leaving the evaporator at A is 0-975; (2) the com- 
pression is isentropic, shown by the vertical line, A B; 
(3) the liquid in the condenser is cooled to the lowest 
temperature of the hot water, the rejection of heat 
being given by BCDE; (4) expansion through the 
regulator is at constant total heat, so that Hy = Hy; 
(5) all pressure losses due to the circulation of the 
ammonia are neglected ; (6) physical equilibrium and 
homogeneity throughout in the working substance ; 
(7) all heat losses and gains are neglected. The values 
of total heat, in B.Th.U. per pound,* and entropy are 
otter for points A, B, C, D, E and F, and of dryness 
traction for points A and F. Lines showing the ranges 
of temperature of the hot water and of the ground water, 
respectively, have also been added. Certain correspond- 
ing points, such as A, B, E and F, have been added to 

ig. 1 


The performance energy ratio from this diagram 
Heat delivered Hg —Hg 695-160 535 

Work done Hz —H, 695-610 85 
With the same saturation temperatures, 123 deg. and 
40 deg. F., the performance energy ratio of the corre- 





=6-29. 





sponding Carnot cycle 
T; 123 + 460 583 _ 4 
T,-T, 123 —40 83 : 


The value 6-29 is thus only 10-3 per cent. lower than 
7-03, the highest value of the performance energy 
ratio ideally possible with this range of pressure and 
temperature. 

If, instead of following the isentropic line A B, the 
isentropic line A'C is followed, in which the vapour 
after compression is dry saturated at C, the dryness 
fraction at A! is 0-886 and the total heat 562 B.Th.U. 
per pound. The cycle is A1C DEF A and the per- 
formance energy ratio is now 

Ho—Hg 634-160 474 

Ho-H,l 634-562 72 
which is greater than 6-29. Superheating the vapour 
thus leads to a reduction of the performance energy 
ratio; this is to be expected since, as the diagram 
shows, superheating involves a deviation from the 
Carnot cycle. Consider also the effect of not cooling 
the liquid below the saturation temperature. The 
cycle is now A! C D F' A, in which Hp = Hy = 182-6, 
the dryness fraction at F being 0-179 and the entropy 
0-3807. The performance energy ratio 
Ho —Hp 634 —182-6 451-4 
Ho-Hyl 634 = 562 72 
which is less than 6-58, the value for A'C DEF A. 
Under-cooling the liquid is thus clearly desirable. 
Whatever the conditions at D, E and F, the work of 
compression, Hy — H,? or Hg — Hy, as the case 
may be, remains unchanged. The heat delivered 
should be as great as ible and incomplete con- 
densation, as at point D', should not be accepted in 
any circumstances, even if practical conditions prevent 
cooling the liquid below its saturation temperature. 

While consideration of the temperature-entropy 
diagram is essential to the full discussion of the cycles 
of heat pumps and refrigerators, it is much more 
convenient in calculations to use pressure-total heat 
diagrams, such as that given for ammonia in Circular 
No. 142 of the U.S. Bureau of Standards. The cycle 
ABCDEFA of Fig. 3 is replotted, as a matter of 
interest, on this basis in Fig. 4. 

Considering now the stages involving heat transfer 
in the condenser and evaporator, respectively, it is 
seen that the mean temperature in the hot-water 


123 + 104 _ 113-5 deg. F.; 20 that the 


mean difference of temperature at which most of the 
heat is transferred in the condenser is 123 deg. — 
113-5 deg. = 9-5 deg. F. The mean temperature of 
the ground water passing through the evaporator is 


50 = = 46-5 deg. F., so that the difference of 


temperature for heat transfer in that case is 46-5 deg. 
— 40 deg. = 6-5 deg. F. Without the need for such 
temperature differences, the working temperatures 
would be 113-5 deg. and 46-5 deg. F., which give a 
performance energy ratio on the Carnot cycle of 
113-5 + 460 573°5 
113-5 — 46-5 717 
improvement of 6 per cent. A similar improvement 
would follow to the actual cycle. For high valuesof 
performance energy ratio, the heat exchangers must 
thus be designed to give the smallest practicable 
difference between the temperatures of the circulating 
fluids and the saturation temperatures in the con- 
denser and evaporator, respectively. 





= 6:58, 





= 6-26, 


system is 





= 7-45, against 7-03, an im- 





* Data for ammonia are taken from the U.S. Bureau 
of Standards Circular No. 142. 
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In actual installations, deviation from the conditions 
assumed in deriving the diagram of Fig. 3, especially 
those due to undesirable heat losses and gains, and 
hydraulic losses in the compressor and in the pipe 
lines, lead to lower actual values of performance 
energy ratio than those found under the idealised 
conditions. In particular, the work of compression, 
since this determines the denominator of the ratio, ig 
of great importance ; its value, expressed in B.Th.U, 
per pound of working substance, will be less for a 
piston compressor than for one of rotary type, but 
detailed discussion is not possible here. It suffices to 
say that the choice of one type or the other will be 
determined by the volumes of vapour to be dealt 
with after the evaporation stage; these volumes will 
depend on the capacity of the installation and on the 
specific volume of the working substance as vapour 
at the lower pressure. Steam, for example, except in 
very small installations, would certainly require a rotary 
compressor. 

While, as will be seen, considerable information is 
available concerning the overall practical performance 
of heat-pump installations, few reliable and compre. 
hensive data are published upon which a detailed com- 
parison between the theoretical and actual performance 
of the heat pump proper may be based. The following 
data are taken from a test reported by Professor H. G. 
Venemann.* This tést was made at Purdue University 
on a York refrigerator installation, in which the working 
substance was ammonia. The necessary data, converted 
to the notation of Figs. 3 and 4, are: ty = 11-6deg. F.; 
t, = 20 deg. F., so that the vapour entering the com- 
pressor is slightly superheated; tg = 200 deg. F.; 
to = tp = 89-8 deg. F.; tg = 89 deg. F. The upper 
saturation pressure, corresponding to tg and tp, is 
200 lb. per square inch abs., and the lower saturation 
pressure, corresponding to ty, is 40 lb. per square 
inch abs. Heat delivered to the condenser, 36,420 
B.Th.U. per hour; indicated horse-power of the 
electrically-driven compressor, 3-25; brake horse- 
power, calculated from the motor characteristics, 4-25 ; 
electrical input to motor, 4,100 watts; horse-power 
equivalent to isentropic compression in the com- 
pressor, 2-72. 

Converting the heat delivered to horse-power gives 
14-32; the electrical input, converted to horse-power, 
is 5-5. The following are thus the various values of 
performance energy ratio: the corresponding Carnot 
heat-pump cycle, 

89-8 + 460 549-8 7-03: 
89-8 — 11-6 78-2 . 
+39 


theoretical, based on isentropic compression, = 





2°72 
5-27; internal, based on indicated horse-power, 
pa = 4-41; of the machine, regarded as a heat 
+39 
pump, pee = 3-37; overall, including all losses, 


32 


hydraulic, thermal, mechanical and electrical, Se = 
‘o 
2-61. The efficiency relative to isentropic conditions 


is thus = = 0-837; the mechanical efficiency of the 


compressor is 3 = 76-5 per cent. ; the efficiency of 
the motor is 77-3 per cent. 

Two factors should be taken into account in judging 
these results. Firstly, the cycle is for a refrigerator, 
and thus the temperature range is lower on the scale of 
temperature than would be the case in a normal heat- 
pump installation ; with the same range, this gives a 
lower value of the upper temperature, T,, and thus a 
lower value of the Carnot performance energy ratio ; 
it gives, correspondingly, relatively lower values of 
all other performance energy ratios. Secondly, the 
installation is a small one, the compressor, for example, 
having a bore of 54in. and a stroke of 5 in., and, running 
at 194 r.p.m., would deliver less than one-quarter of the 
heat delivered by the installation in Fig. 2; losses of 
all kinds are thus relatively greater than in a larger 
installation, especially as regards the mechanical 
efficiency of the compressor and the efficiency of the 
electric motor. The results, nevertheless, throw con- 
siderable light on the results to be expected from 
actual heat-pump installations. 

It is interesting at this point to consider the position 
of this development in Great Britain, Switzerland and 
in the United States. As is well-known, Lord Kelvint 
was the first to propose a reversed heat engine as 
means of heating. The first known actual heat pump 
installation in this country, however, was that of 
Mr. T. G. N. Haldane, who used this to heat his own 





* Refrigeration Theory and Application, page 61. 
Nickerson and Collins, Chicago. 

+ Proc. Philosophical Society, Glasgow, vol. 3, page 
269 (1852). 

t Jl. I.E.E., vol. 58, No. 402, page 666 (1930). 
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house. The maximum electrical input of his motor 
was 5 kW, which, with an estimated mechanical 
efficiency of 60 per cent., gave values for the overall 
performance energy ratio which, with a constant 
evaporation temperature of 20 deg. F., ranged from 3, 
with a condensing temperature of 90 deg. F., down to 2 
as this was raised to 120 deg. F. In the discussion on 
Haldane’s paper, Mr. J. C. Stobie reported on the use 
of a Copeland refrigerator in Australia to heat water. 
This was, however, on a very much smaller scale than 
in Haldane’s installation. The next installation to be 
reported was that of Mr. 8. B. Jackson,* who, with a 
motor of 4 h.p., recorded an average seasonal per- 
formance energy ratio of 4-2 from 1938 to 1941, when 
his installation was unfortunately destroyed by bomb- 
ing. By far the most important practical development 
is that of Mr. J. A. Sumner, of Norwich, reported at 
length to the Institution of Mechanical Engineers.t 
This is of interest and importance, not only because 
it is the first large-scale heat-pump installation in this 
country, but also because the circumstances in which 
it was carried out made it possible for reliable data 
concerning its operation to be collected. The Norwich 
experiment has thus a special value in connection with 
the application of heat pumps to space heating under 
the climatic and other conditions in this country. 

The building heated is the stores and workshops 
building of the Norwich Electricity Department. This 
building, of 500,000 cub. ft., with 21-6 per cent. of 
its wall and roof area taken by windows, adjoins the 
River Wensum, from which the necessary low-tempera- 
ture heat is derived. The hot water is supplied to the 
radiators at 120 deg. F. In the heating season of 
1945-46, the mean overall performance energy ratio, 
that is, of heat delivered to electricity consumed, was 
found to be 3-45. The mean rate of heat delivery 
found necessary was 500,000 B.Th.U. (5 therms) per 
hour, or about three times that of the installation of 
Fig. 2, with a maximum value of 8 therms per hour. 
The building was opened in 1940 and for five years 
heat was iy my by coal-fired boilers and careful 
records were kept. On the basis of his experience, 
Sumner put forward the date now given in Table IT. 


TABLE II.—Comparative Annual Costs of Heating a Large 
Building. 

Seasonal total heat supplied : 20,000 therms. Coal of 
heating value 12,000 B.Th.U. per lb. at 65s. per ton. 
Average combustion efficiency, 55 per cent. Cost of 
electricity : (a) loads on peak, 41. per kVA plus 0-6d. per 
kW-hour; (b) loads off peak, 0-6d. per kW-hour. 
Average performance energy ratio, 4 : 1. 
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Heat Pump. 
| Coal-Fired | 
— Boilers. | | With 
Alone. | Thermal 
| | | Storage. 
! u aie | 
| 
Capital cost, £ .. «sl 1,500 4,000 | 4,500 
Annual capital charges, £ 225 | 20 =| 3815 
(15 per cent.)| (7 per cent.) (7 per cent.) 
Cost of coal or elec- 440 601 367 
tricity, £ 
Attendance, £ .. “s 230 —_ _ 
(including | 
coal and ash 
handling) 
Repairs and mainten- 150 50 50 
ance, £ 
Replenishing working _ 25 25 
substance, £ oe 
Total annual cost, £ 1,045 956 765 
Cost per therm 12-5d. 11-5d. 9-1d. 








The third column of Table II is of particular interest, 
since provision of thermal storage enables the heat 
pump to be run only during the off-peak periods of the 
electricity supply undertaking, and, apart from lowering 
the cost of heat materially, has the beneficial effect of 
improving the load factor of electricity supply. 

In considering these data, therefore, there are two 
points of view to be borne in mind, that of the con- 
sumer and the national one. For the consumer, in 
addition to the financial saving must be added the 
improved cleanliness of his installation, following the 
absence of coal and ashes from his premises, and there 
is the fact that he need not employ a stoker. From 
the national point of view, coal is consumed under 
skilled direction and with high efficiency at the 
central power station, with much less atmospheric 
pollution per ton; further, there is a desirable reduc- 
tion in the employment of low-grade labour. Lastly, 
as a result of the combination, less coal is consumed ; 
Sumner -estimated that, with a performance energy 
tatio of 4, the coal consumed at the power station 
was 9-1 Ib. per therm instead of 16-6 Ib., as recorded in 
his exhaustive observations; to this must be added 
the reduction of transport costs for fuel and ashes. 

(To be continued.) 
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THE YOUNG ENGINEER.* 


By Wina-Commanprer T. R. Cavze-Browne-CavE, 
C.B.E. 


WuEN I went to Southampton in 1931 as Professor 
of Engineering in the University College, it was natural, 
owing to my past experience in the Royal Navy and 
the Royal Air Force, that I should approach the 
subject of engineering education from the point of 
view of the user rather than from that of the academic 
engineer. I have had, therefore, many opportunities 
of discussing how far the engineering graduate and 
apprentice have developed the knowledge and charac- 
teristics which will give them the most satisfactory 
start in industry or practical work. I pro to use 
this experience to review the qualities which seem to 
be important for the young engineer; and then to 
examine the processes by which these qualities may 
best be developed. 

The engineer must be able to devise realistic methods 
of test, which will give conclusive information without 
undue cost or delay. He must recognise the need for 
the systematic collection and investigation of observed 
facts. He must be able to build up a complete sequence 
of explained steps and from them to diagnose causes. 
He must have a good appreciation of the degree of 
accuracy which is necessary in his work, while considera- 
tions of cost and efficiency must run through the whole 

rocess. To control or perform his work he must 
ow, and thoroughly understand, the essential 
principles of engineering science, so that he applies 
them instinctively. This knowledge must be d 
on practical experience and creative inventiveness so as 
to enable him to devise new methods of overcoming 
difficulties as they arise. He should have a consider- 
able amount of manual engineering skill, particularly in 
the more difficult operations. He must also acquire 
skill in human relationships, in order to achieve an 
effective understanding and co-operation with his 
seniors, equals and subordinates. He must aim at 
being able to settle down quickly and become an effec- 
tive and useful member of a team. He must develop 
an accurate imagination, so as to enable him to predict 
the way in which each step of a proposed undertaking 
is likely to work out. This is necessary so that he 
can anticipate difficulties and provide means of avoiding 
or remedying them. 

Examining this specification in greater detail, and 
studying the process by which these essential qualities 
may be developed, it may be pointed out that there 
is a general tendency for engineers to use less science 
as they advance to positions of responsibility. For the 
younger men and those who are engaged in design and 
development, however, the principles of engineering 
science are essential; and the technique of applying 
them must be available in reliable form. Much of the 
knowledge which the young engineer has to use for 
really important applications is not included in his 
formal training; he must therefore derive the assist- 
ance he requires from books and technical publications. 
The art of using these sources of information for the 
solution of important problems is one which ought to 
form a definite part of his training. 

In most colleges there is a tendency to swamp the 
basic principles of engineering science with a quantity 
of current practice. This may be misleading, owing 
to difficulty in keeping it up to date. Current practice 
should therefore be taught only in so far as it provides 
the best examples to illustrate basic principles and 
these examples should be modern, realistic and interest- 
ing. Owing to the addition of new material without 
the removal of old, many syllabuses have become 
much too long for all except the quickest stuaents. 
The result is that the average student can find no 
time for thinking and discussion. It must be realised 
that the engineering student will require later a great 
deal of knowledge which was not included in his degree 
course ; therefore he must be taught the art of learning 
for himself. It is better to carry each of the main 
subjects of engineering science to a stage at which the 
student has a general standard of fundamentals rather 
than to a higher stage in those subjects which he 
thinks he is most likely to want, as it is very difficult 
for him to decide what subjects are likely to be used 
in his future career. Specialisation, to the exclusion of 
matters of more general knowledge, is often decried. 
This very sound principle ought also to be applied, 
however, within the subject of engineering itself. 
Narrow specialisation in engineering is worse than 
narrow specialisation on engineering. An engineer’s 
knowledge must be judged not by the result of his final 
examination, but by the knowledge he can recapture 
three or four years later, when he wants to use it. Few 
men can remember a subject for a year or two with such 
completeness and accuracy that they can apply it with 
confidence to problems of greater complexity than those 
of the artificial type set in examinations. 





* Proc. I. Mech. E., vol. 158, page 40 (1948); and 
Journal I.H.V.E., vol. 14, No. 137, page 231. 
Tt Proc. I. Mech.E., 1948, vol. 158, page 22. 





* Presidential address to Section G of the British 
Association, delivered at Brighton on Thursday, Septem- 
ber 9, 1948. Abridged. 











This leads me to the conclusion that courses of 
instruction should be based upon text-books, which 
must be chosen with a view to future use. These text- 
books should be supplemented by the lecturer with 
notes or corrections, which will give the student a 
command over his subject greater than if he relied on 
memory and incomplete or incorrect notes. If authors 
and publishers would aim at this continued usefulness 
in their standard text-books, and would publish periodi- 
cal addenda, as is done very well and simply in Service 
manuals, to bring them up to date with current devel- 
opments, the value of the books would be greatly 
increased. Many of them are unsatisfactory for 
future use because they are aimed too directly at the 
type of question which can be set in an examination. 
It is unfortunate, but natural, that books of this type 
should be best sellers. It must be realised, however, 
that they do not make the greatest contribution to the 
effective application of engineering science. 

A great deal of new work is published in the form of 
lectures, discussions and articles in the technical Press 
long before it can be included in text-books. The 
young engineer may be able to keep reasonably well 
in touch with articles in the technical Press on subjects 
in which he is interested, but he is greatly dependent 
on being able to find up-to-date information on any 
subject which he requires unexpectedly; he must 
make himself familiar, therefore, with technical libraries. 
The short courses of special lectures given at the 
universities and technical colleges are also valuable, 
and it is desirable that these facilities should be 
extended. The engineering institutions are another 
most important channel through which new technical 
information is published and, in addition, they provide 
opportunities for meeting men interested in a particular 
subject from widely differing points of view. All 
these sources of information are of importance in 
helping the engineer to acquire, and to keep available, 
the expert knowledge upon which depend the efficiency 
and safety with which he can do the work for which 
he has been trained. 

Technical investigation is an essential process of 
engineering, and its technique depends upon a combina- 
tion of the systematic analysis of the requirements with 
the more artistic inspiration which shows a promising 
method of meeting those requirements. A great deal 
may be learned from a critical study of the methods 
by which valuable investigations have been carried out. 
Sometimes these resulted from sheer weight of experi- 
mental data and statistical analysis; sometimes from 
a stroke of genius which appreciated the vital issue 
and cleared it by a single simple experiment. The art 
of devising experiments and tests which will give 
conclusive results is of immense value ; in some men, 
it really constitutes brilliant genius. This art is 
usually learned by practical experience, but there is 
no reason why it should not be taught, to some extent, 
by a critical study of past cases. 

In addition to scientific and technical qualities, the 
engineer must develop skill in human relationships. 
As he seldom works as a single unit, his effectiveness 
— upon his co-operation with his superiors, his 
colleagues, and those who are working more or less 
definitely under his direction. When the qualities 
of energy, enterprise and determination are also 
included, it is not surprising to find how valuable 
many engineers, who have not attained an honours 
degree, have proved to be. Such a degree is a con- 
venient, but not wholly satisfactory, test of the candi- 
date’s knowledge of engineering science. It is not, 
however, a good test of the other qualities, which are 
at least as important in a great deal of engineering work. 
Its possession should be demanded, therefore, only for 
those appointments in which this standard of engineer- 
ing science is really necessary. 

Most people say that the art of establishing good 
human relations cannot be taught by lectures. Lectures 
can, however, be used to point out that these relations 
are very important in engineering and that they can be 
learnt by observing good and bad examples. Once 
the student has realised the importance of these rela- 
tions, his own critical observations will teach him a great 
deal and will go on doing so for many years. Descrip- 
tions of good and bad technique can also be given in 
lectures and perhaps some general principles laid down. 
In some men, skill in human relationships seems to be 
innate. In others, undoubtedly it has been developed 
at school by a friendly critic who took the trouble 
to study the boy’s methods and suggest improve- 
ments. The same procedure is the most effective in 
later life. The young engineer must have responsi- 
bility to work out his own methods, making his own 
mistakes, but it is very useful to have a friendly critic 
ready to make suggestions. 

It is only on comparatively rare occasions that a 
young engineer is able to do what he knows to be 
technically sound without having to explain it to his 
subordinates, his colleagues or his seniors. Any 
valuable conclusion which he reaches will be quite 
useless, however, unless he can explain it to others and 
convince them that his is the right course of action. 
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The theuabin may be made sabato or in a written 
report. Clarity of explanation, illustration and general 
arrangement are important in these communications. 
His manner and the occasion he chooses may have a 
great influence on the result achieved. Like many 
other attributes, this one may be partly innate, but 
it is = of great improvement by careful prac- 
tice. Clarity and effectiveness of expression vary 
enormously between individuals, but they govern a 
coefficient by which every technical plan must be multi- 

lied before its effective value can be determined. 

hey are powerful and dangerous weapons. An 
unskilled discussion may lead to failure or perhaps defi- 
nite error and animosity. mssion provides 

@ competitive stimulus to both participants which, if 
well used, may bring valuable results. 

Although science and technology may indicate the 
normal method of solving an engineering problem, the 
knowledge of what is practically ible and reasonable 
under existing conditions must be acquired by experi- 
ence. While it is unnecessary for the engineer to 
develop the skill of the craftsman in each of the many 
trades which he will subsequently have to direct, he 
ought to make a point of doing with his own hands all 
the more difficult processes with which he is likely to 
be concerned. In no other way can he acquire that 
instinctive appreciation of practical difficulties which 
will make his designs reasonably easy to carry out and 
maintain. The advantages of practical experience 
and some craftsman’s skill are that they are more 
appreciated by subordinates than scientific qualities. 
They also give the engineer the knowledge and out- 
look which will enable him to learn by critical observa- 
tion rather than personal operation. Personal experi- 
ence of manual work should be acquired while the stu- 
dent is young and in part before he embarks upon a 
degree course. 

The student’s year of national service also might be 
introduced before he starts a degree course. This year 
might be carefully designed to develop the fitness, 
mental and physical agility and courage which are as 
important in engineering as in the fighting services, and 
might provide some preliminary practical experience 
which will be very useful in later civilian training. From 
the engineering point of view, such an arrangement has 
the advantages of giving some practical engineering 
experience when it is most necessary, and providing 
some mental relaxation during a long course of mathe- 
matical and scientific training. From the military point 
of view, the period of training at the age of about 18 
seems most likely to lead to the discovery of the 
enthusiastic technical officer for a future emergency. 
When the engineer has taken his degree he must 
obtain such practical experience as will enable him to 
understand the useful application of his science and to 
choose the particular engineering work for which he 
is best suited. The period iately after the 
degree course should be devoted to on which will 
best make good the deficiency of practical experi- 
ence. Perhaps, however, the most critical step in the 
engineer’s career is the appointment he obtains when 
he is about 28 or 30 oa of age. This must be such 
as to afford means of applying his qualifications rather 
than of extending them. 

This review of some of the qualities which are 

important to the engineer provides a background 
t which the education and training avail- 
able may be examined. Engineering education 
should stimulate the desire to go on learning. The 
amount of knowledge taught in the process is only 
part of the benefit. If a course forms part of the 
student’s general engineering education, it must not be 
crammed so full that there is no time for thinking and 
discussion ; quality will not be improved merely by 
increasing the academic load. This catalogue of desir- 
able qualities is long and their relative importance 
varies according to the type of engineering work which 
is to be undertaken. For research, a knowledge of the 
principles of engineering and an ability to find and 
digest the appropriate published knowledge are, per- 
haps, the chief requirements. Technical development 
requires, in addition to engineering science, a clear 
understanding of practical limitations and an instinc- 
tive grasp of practical difficulties. Design may depend 
on conventional practice or upon inventiveness; it 
must be linked with good practical experience of pro- 
duction and use. Production depends upon technical 
knowledge of processes and materials, upon administra- 
tive skill, upon the handling of men. In a great 
deal of engineering apes % the human factor and adminis- 
trative problems may outweigh technical and scientific 
difficulties. 


(To be continued). 





LUXEMBOURG IRON AND STEEL INDUSTRY.—The 
blast-furnaces of Luxembourg produced 200,250 tons of 
pig iron during May, compared with 210,625 tons in 
April. The May production of steel was 182,607 tons, 
against 200,811 tons in April. 
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STEAM ENGINES, BOILERS, ETC. 


599,983. Stuffing Box. W.M. Kermode, of Bradford, 
Yorkshire. (1 Fig.) September 27, 1945.—This invention 
concerns a steam joint between pipes and stuffing boxes, 
of the type in which groups of elastic metal packing rings 
ate arranged in housings located between an outer casing 
and an internal cylindrically-surfaced element, the hous- 
ing of each group being axially spring-pressed against 
spherical, conical or radial bearing surfaces. Part of 
a stuffing-box casing 10 encloses a tube or pipe element 
11. Groups of rectangular-section elastic metal packing 
rings 12 and 13 are enclosed by housings 14 and one or 
more of the groups are axially spring-pressed towards 
an abutment 15 by means of two rings 16 and 17, the 
ring 16 having a conically-surfaced recess for reception 
of the ring 17, which is resilient and slit at one point in its 
circumference. By virtue of its resilience and circum- 
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ferential discontinuity the ring 17 is capable of increasing 
or decreasing in circumference and, consequently, it is 
capable of a limited degree of axial movement into or 
out of the recess of the ring 16 to maintain an axial 
pressure against other groups of packing rings, such as 
rings 18 and 19 enclosed by a housing 20. A housing 21 
adjacent to the bottom of the stuffing box conically 
engages with a continuous ring 22 which carries two lead 
grummets 23 on its radial surface 22a, complementary to 
the radial surface 10a at the bottom of the stuffing box 
10. A pipe 24 is connected to the casing 10 at 10b 
and leads off any steam that may enter the annular 
space 25 between the ring 16 and the housing,20, by way 
of the slit in the ring 17, to a condenser or some part 
of the system under lower pressure or vacuum, thereby 
preventing any steam escaping from the joint into the 
atmosphere. (Sealed.) 


MOTOR ROAD VEHICLES. 


601,433. Change-speed Mechanism. Singer Motors, 
Limited, of Coventry, Warwickshire, and L. J. Shorter, of 
Coventry, Warwickshire. (3 Figs.) January 19, 1946. 
—This invention is a change-speed mechanism for a 
motor vehicle, the object of which is to prevent the load 
on the gear teeth of the slidable element from forcing 
it axially until it is out of mesh. The drawing shows 
part of a layshaft 12 which is driven from the driving 
shaft (not shown) through a constant-mesh gear pair 
in the normal manner, and which is journalled by a 
bearing 13 on a fixed shaft 14. The layshaft 12 is formed 
integrally with the first-speed pinion 18, and fast on 
splines 19 on the layshaft is the driving second-speed 
pinion 20. This is continually in mesh with a gear 21, 
which is freely mounted at 22 on the driven shaft 23 
of the gearbox, and it carries a ring of dog-clutch teeth 24 
and a male cone surface 25. Mounted to slide upon the 
splines 27 of the driven shaft 23 is a hub member 28 
which is externally splined to have a sliding and driving 
engagement with splines 29 of a slidable element 30 
provided with an external peripheral groove 31 engaged 
by an actuating striking fork 32. The internal splines 29 
of the slidable element can co-act, in one position of the 
slidable element, with the dog-clutch teeth 24 to lock 
the driven gear 21 to the driven shaft 23 by way of 
the hub member 28. This gives second speed. The 
element 30 is formed with external gear teeth 33 which, 
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speed) can mesh with the teeth of the pinion 18. The 
hub member 28 also carries a female conical friction 
surface 34 which can co-act with the male conical fric. 
tion surface 25, in appropriate conditions, to cause the 
gear 21 to revolve in synchronism with the hub member, 
The parts are shown in their neutral position, in which 
the slidable element 30 and the hub member 28 are 
biased axially against movement with respect to one 
another by means of a number of spring-pressed balls 36 
engaged with an annular groove 37 formed in the inner 
Patent | PTiphery of the slidable element. Moving the slidable 
element 30 to the left will cause engagement of the conical] 
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surfaces 25, 34, and thereby induce synchronism. A 
further axial thrust applied in the same direction will then 
depress the balls and cause the slidable element to move 
into engagement with the dog-clutch teeth 24, when 
second speed will be entrained. The hub member 238 is 
formed with a portion 38 which is screw-threaded and en- 
gaged with the thread of a nut 39. The latter is slidably 
splined on the driven shaft 23 and can co-act with the 
inner race ring 40 of the bearing 41 for the driven shaft 
to limit the movement of the hub member to the right. 
The nut has a flange 42 of a size to co-act with the adja- 
cent end of the slidable element 30 whereby the hub 
member is located against moving to the left. (Accepted 
May 5, 1948.) 


MISCELLANEOUS. 


600,000. Diaphragm for Fluid-operated Mechanism. 
Alfred Bullows and Sons, Limited, and G. B. Boyce, both 
of Walsall, Staffordshire. (2 Figs.) September 27, 
1945.—-In some forms of fluid-operated mechanisms of 
the type having a movable part to which it is required 
to impart only a short movement by fluid pressure, it is 
customary to employ a hollow body having its interior 
divided into a pair of compartments by a flexible dia- 
phragm, fluid being admitted to one or either side of uhe 
diaphragm. Usually the edge of the diaphragm is clamped 
between separate parts of the body, with the result that 
che diaphragm is subjected to undesirable stresses when 
the fluid pressure is applied. The object of the invention 
is to avoid the disadvantage above-mentioned. The 
drawing shows a double-acting pneumatically-operated 
mechanism embodying the invention. A hollow body a 
consists of a pair of parts which are secured together by 
screws 6. These parvs are shaped internally to form a 
circumferential groove c for accommodating the peri- 
pheral margin of the diaphragm d, made from leather, 
rubber, or other like flexible material, the width of the 
groove being approximately equal to the thickness of 
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the diaphragm. The opposite faces of the groove are 
curved to a shape which will allow the adjacent marginal 
part of the diaphragm to bend freely when displaced 
from its central position. The diaphragm has secured 
to its centre a short plunger e which extends through 4 
gland fin one of the body parts, and the opposite faces 
of the diaphragm are clamped between a pair of metal 
dises g, which are held in position by collars h on the 
plunger, the inner faces of the discs being suitably 
shaped to allow the desired freedom of flexure of the 
diaphragm. When compressed air is admitted through 
pipe connections ¢ to cither side of the diaphragm for 
actuating the plunger, the diaphragm is flexed, but, as 
its marginal part is free to bend and slide radially in 
relation to the body, no undesirable stresses are set uD 
in the diaphragm. The required fluid-tight joint be- 
tween the diaphragm and the body is ensured by the 
pressure of the marginal part of the diaphragm under 
the action of the compressed air against one or the other 





in the other position of the slidable element (for first 


of the side surfaces of the groove in the body. (Sealed.) 
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THE DESIGN AND CON- 
STRUCTION OF THE 
ANDERSON RANCH DAM. 


By Exuis L. Armstrona. 
(Continued from page 266.) 


MarertAL for the impervious centre zone of the 
dam was obtained from Dixie pit, located on the 
high flat 14 miles downstream from the left abut- 
ment. The material, which was transported to the 
dam by means of a conveyor belt, had ideal charac- 
teristics for use in the centre zone. It was classified 
as a sandy clay loam and averaged about 88 per cent. 
passing a }-in. screen, 36 per cent. passing a 200- 
mesh screen and 16 per cent. clay (smaller than 
0-005 mm.). It was placed, on an average, with 
12-5 per cent. moisture, and a wet density of 138 lb. 
per cubic foot was obtained, corresponding to a dry 
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made to Fig. 25, on page 300, which illustrates the 
general arrangements. This view shows the placing 
of material in the cut-off trench about 30 ft. below 
the original river level. The material was dumped 
from the conveyor belt, down the slope which can 
be seen on the left of the illustration. It was then 
loaded into bottom-discharge trucks and trans- 
ported to the placement area, where it was levelled 
by bulldozers and consolidated by sheeps-foot rollers. 

The impervious and semi-pervious materials were 
placed in 8-in. layers, moistened as necessary, and 
rolled 12 passes with a ballasted sheeps-foot roller, 
designed by the Bureau of Reclamation, having two 
5-ft. sections and weighing 20 tons. The surface of a 
lift that had become smooth from truck travel or 
had dried out was scarified and moistened before a 
new lift was placed in order to ensure bond between 
the layers. All rocks of over 5 in. maximum dimen- 
sion were removed before rolling. Some of the 
20-ton rollers are shown in Fig. 26, on page 300. 
Along the cut-off walls and the abutment contacts, 


























the travel of construction plant. 

The pervious zone material was placed in 12-in. 
layers and compacted by sluicing and travel of the 
construction equipment. The rock fill was placed 
in 3-ft. horizontal layers and was given a 2-ft. surface 
covering of lava rock to provide uniformity in the 
appearance of the slopes. The riprap rock consisted 
of well-graded durable lava rock, ranging in size 
from half a cub. ft. to half a cub. yard and larger. 
It was placed on the slope keeping pace with the 
embankment placing. Some hand work was neces- 
sary to ensure uniform distribution of the larger 
rock and to dress up the slope. 

The impervious material in the Dixie borrow area 
was located about 1,200 ft. above river level at the 
dam. Because of the cost and difficulty of con- 
structing haulage roads from the pit to the site of the 
dam, and because of the large quantity of material 
involved, the contractor decided to install a con- 
veyor belt to transport the material. The main 
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Fic. 22. Panoramic Vizw oF Work, JUNE, 1946. 


density of 123 lb. per cubic foot. The resistance-to- 
penetration needle reading averaged about 1,100 lb. 
per square inch. The average percolation rate 
through the material as placed was about 0-05 ft. 
per annum. 

Materials for the semi-pervious and pervious zones 
were-obtained from the Whipple pit, a delta deposit 
located just upstream from the dam, and from the 
slide area excavation on the left abutment, above 
the crest elevation. Materials were also obtained 
from the foundation excavations, when suitable. 
The semi-pervious material averaged 44 per cent. 
larger than } in. and had an average wet weight as 
placed of 145-7 lb. per cubic foot. The moisture 
content was 10-5 per cent. of the dry weight, which 
was 132 Ib. per cubic foot. The average percola- 
tion rate through the material as placed is about 
20-0 ft. per annum. The pervious material was 
largely free-draining sand and gravel, averaging 
64 per cent. larger than } in., and had an average 
dry density, as placed, of about 115 lb. per cubic 
foot. The percolation rate of the material as placed 
is in excess of 800 ft. per annum. 

Before passing to a detailed description of the 
construction of the embankment, reference may be 


the material was compacted by air-power, paving 
breakers, fitted with tamping feet 4-in. square, and 
with a specially-constructed roller. A drum from 
one of the regular rollers was cut in half and the 
halves mounted on a stationary axle and a box- 
member tongue. In this way, side framing was 
eliminated and the roller could be used close to 
walls and elsewhere in areas inaccessible to the 
standard rollers. This special roller is illustrated 
in Fig. 27, on page 300. 

In the bottom of the cut-off trench and up the 
abutments in the area between the cut-off walls, 
and for a distance of 25 ft. outside those walls, the 
rock was carefully cleaned by hand and with air 
and water jets before embankment material was 
placed. Outside this region the foundation ‘pre- 
paration was made with care to ensure a stable 
foundation. In some areas where the abutment 
contact was against rough broken rock, the material 
was puddled against the contact. The area under 


by levelling and rolling before the filter blanket was 





the rock-fill section of the embankment was prepared 


placed. Free-draining coarsely-graded sand and 
gravel material was used to form the 6-ft. thick 
filter blanket. The material was placed in 12-in. 


part of the conveyor consisted of rubber belting 
36 in. wide riding on troughing steel rollers spaced 
at 4-ft. intervals. The length of the belt totalled 
more than two miles, and it was driven by 150-h.p. 
electric motors arranged with regenerative braking. 
The energy due to the lowering under gravity of 
450 tons of material through a vertical distance of 
about 725 ft. in 20 minutes, or less, was used to 
return power to the line, the motors serving as 
generators and acting as brakes to control the speed 
of the belt. 

At the pit, the material was excavated by two 
5-cub. yard electric shovels which dumped into a 
30-cub. yard hopper at the end of a “ pendulum” 
belt feeder which hada span of 145 ft. A general 
view of the belt feeder is given in Fig. 28, on page 
300, and a drawing of the whole arrangement is 
reproduced in Fig. 21, on this page. In the general 
view, the discharge end of the feeder is in the fore- 
ground and part of the conveyor belt, which it feeds, 
can be seen. The electric shovels are in the back- 
ground. The 145 ft. long truss which carried the 
feeder belt was connected at the discharge end to 
a circular turntable indicated by a in Fig. 21. This 
was mounted on a framework carried by Caterpillar 
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tracks, one on each side of the conveyor belt. The 
arrangement is shown in Figs. 21 and 28. The 
Caterpillar tracks enabled the whole arrangement 
to be moved sideways as the borrow pit was 
gradually dug out, and the turntable allowed the 
truss to be swung about the discharge point as 
centre in order to increase the area of excavation. 
The truss was connected to the turntable by a 
horizontal pin joint, shown in Fig. 21, which enabled 
it also to swing in a vertical plane. The range of 
movement was such that excavation could be 
carried out 30 ft. above, or 30 ft. below, the level 
of the conveyor belt. 

The hopper into which the electric shovels dis- 
charged cannot be well seen in Fig. 28, as it is in 
the background, but the arrangement is shown in 
Fig. 21. The hopper was mounted on four pivoted 
steel wheels with dual rubber tyres, and had a 
drawbar connection, shown at 6, which enabled it 
to be moved sideways by either of the electric 
shovels. The bottom of the hopper was formed by 
a manganese-steel chain fé@der c, driven at a speed 
of 45 in. per minute and discharging its load on to 
the feeder belt through an adjustable gate d. Between 
the gate and the belt there was a chopper roll e 
which reduced any over-size lumps of material to 
6 in. in diameter, or less. The 60-in. feeder belt was 
driven from the discharge end through gearing 
shown at f, and was provided with a take-up 
mechanism g. It discharged on to the conveyor 
belt between two 30-in. diameter feeder rolls h, 
which directed the stream of material on to the 
centre of the belt. As will be clear from Fig. 21, 
the various motions of the pendulum feeder were 
electrically driven, control being exercised from the 
cabin +; & is a transformer house. 

The two-mile long main conveyor belt, 36 in. in 
width, was arranged in six flights. The first ex- 
tended 1,762 ft. from the edge of the Dixie pit, 
through two tunnels, one 700 ft., and the other 
900 ft., in length, and had a difference in elevation of 
the ends of 103 ft. The second flight crossed an 
arroyo (a small gulley) on a high trestle and had a net 
drop of 81 ft. in a distance of 1,530 ft. The belt 
dropped down to cross the arroyo and then rose 
again to meet the next transfer point. This necessi- 
tated hanging a 16,000-lb. weight on to the belt at 
the low point to maintain uniform tension in the 
belting under different loadings. The third flight 
covered a distance of 1,340 ft., 1,100 ft. of which 
was through a tunnel; it lowered the material 
through 166 ft. and transferred it to the fourth 
flight, which lowered the material a further 100 ft. 
in its length of 758 ft. The fifth flight was 890 ft. 
in length and had a difference in elevation of the 
ends of 165 ft. The sixth dropped 108 ft. in a length 
of 620 ft., and delivered the material across the 
excavation which had been made for the construc- 
tion of the spillway to the top of the left abutment 
of the dam. The span across the excavation was 
crossed, by a timber truss and two cantilever arms. 
The conveyor can be seen in the panoramic view 
of the work in June, 1946, which is given in Fig. 22, 
on page 289. The embankment is shown under 
construction on the left, there being about 100,000 
acre-ft. of water stored in the reservoir at this 
stage. The tunnel outlet portal is just to the 
right of the centre of Fig. 22, and the concrete 
plant and storehouses can be seen on the river bank 
with the zigzag access road down the canyon side. 
The conveyor belt with the bridge over the spillway 
excavation is above. 

To backfill the cut-off trench, the material was 
transferred from the top of the left abutment by 
a chute and three belt flights zigzagging dewn the 
abutment. After the completion of the cut-off 
trench backfill, however, it was found that the 
material was cohesive enough to be dumped directly 
down the abutment without segregation. The 
abutment belt flights were consequently abandoned, 
and the sixth flight of the main conveyor was 
altered to give two discharge points over the abut- 
ment, one upstream and one downstream from the 
centre of the dam. At embankment level, the 
material was loaded into bottom-dump trucks by 
5-cub. yard electric shovels and transported to its 
location in the embankment. Periodically the 
discharge points were changed to permit the 
compacted embankment to be built up under the 
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stockpile areas. The 36-in. conveyor belts travelled 
at a speed of 550 ft. per minute, and had a capacity 
of 900 cub. yards per hour. 

The construction of the belt system presented 
many difficulties because of the steep inaccessible 
hillside location. Much of the construction material 
had to be manceuvred by hand down the hill as 
access roads could be built only partly. Owing 
to the danger of slides, any excavation to provide 
working benches had to be kept toa minimum. The 
conveyor structure was designed to allow for settle- 
ment along the hillsides, by providing a sub- 
structure supporting an adjustable superstructure 
which carried the belt. A walkway was constructed 
along each side of the belt for operation and main- 
tenance work and the entire belt was roofed over. 
An automatic electrical control system was installed 
to control speeds and the operation of each flight, 
to prevent piling up in the event of trouble at any 
point along the line. The conveyor was built mainly 








from second-hand materials as it was impossible to 
get new supplies. 

During the first season of operation, a number of 
revisions were made in the conveyor system. It 
was originally designed with two storage piles along 
the belt in order to provide for a uniform loading 
at all times. High vertical drops were also placed 
at some of the transfer points and a water-spray 
system was installed at the drops to increase the 
moisture content of the material as necessary. 
Because of the tendency of the material to pack, 
however, it became necessary to eliminate all surge 
piles and to reduce the drops at the transfer points 
to a minimum. Damage to the lower belt from the 
heavy impact caused by the high drops at the 
transfer points was excessive and was eliminated 
by the reduction in the height of drop. The ma- 
terial in place in the borrow area contained very 
nearly the required moisture content, and it was 
found that water, when needed, could best be 
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added by jets discharging into the material as it 
was dumped from the belt down the abutment. 
Other revisions ineluded modification of the loading 
hopper to provide a more even discharge of material 
and to allow of easier loading for the two shovels. 
Few delays were experienced after these revisions 
were made and the system proved to be efficient. 
The Whipple borrow area, located just upstream 
from the dam, consisted of delta-deposited sands and 
gravels about 50 ft. in depth, capped by torrential 


outwash of large basalt boulders and silty clay, | ing 


varying in depth from 5 ft. near the river to 40 ft. 
near the upper limits of the area. Three types of 
shovel cuts were made in the pit. An upper cut of 
the capping alone produced an impervious material 
for the centre zone of the embankment and basalt 
rock for riprap. To produce semi-pervious material, 
the capping and the underlying sand and gravel 
were combined in one cut. Materials from both of 
these cuts were processed through a screening plant 
consisting of a “‘grizzley”’ to take out the large 
rocks, the remaining material being transported 
by conveyor belt into a revolving screen which 
extracted all rock over 5 in. in size. The screen 
was located over large bins which dumped into 
trucks for transporting to the embankment. The 
sand and gravel in the lower part of the pit were 
hauled directly to the pefvious zone of the dam. 
With the start of reservoir storage before the 
embankment was completed, it became necessary to 
locate @ new source of pervious, semi-pervious, and 
riprap material for the dam. 

The excavation for the spillway at the top of the 
left abutment was begun soon after the contract 
for the construction of the dam was let, and by the 
spring of 1942 most of the excavation at the top 
of the abutment had been completed. Large cracks 
however, appeared at the point about 350 ft. above 
the excavation and threatened a major slide. After 
a series of observations and a number of studies, 
a plan was adopted for flattening the slope by remov- 
ing 550,000 cubic yards of material. This material 
was excavated during 1943 and was dumped down 
the abutment downstream from the embankment 
area to form a large stockpile. The excavated 
material was granite ; some of it was quite hard and 
required blasting, and some was decomposed to 
such an extent that it could be excavated by 
shovels. Dumping the material down the abut- 
ment provided an excellent separating process. 
The rocks at the bottom were used in the rock fill ; 
farther up the slope, the material was used for the 
pervious section of the embankment and that near 
the top of the stockpile proved an excellent semi- 
pervious material. The whole of the excavated 
material was placed in the embankment. 

In July, 1945, another slide of major proportions 
developed in the area, despite the unloading that 
had been accomplished. In view of the need for 
additional pervious and semi-pervious material 
coincident with the inundation of the Whipple 
borrow-pit, the final slope in the slide area was 
designed to provide the additional material needed 
to complete the embankment. From diamond- 
drilling of exploration holes in the area and a series 
of stability studies of the slope, an excavation plan 
was evolved which would provide a permanently 
exposed rock slope in firm granite, this formation 
existing below the broken and partly decomposed 
granite in which the slide occurred. The top of 
the cut was located about 470 ft. above the crest 
of the dam and a 1 : 1 slope proceeded downward for 
275 ft. where a 20-ft. berm was provided. From 
this berm to the elevation of the crest of the dam, 
the cut was made on a 2:1 slope. The excavated 
material, when processed through a screening plant, 
yielded excellent pervious and semi-pervious 
materials for the embankment as well as rock for 
the rock-fill section. 

The excavation was worked down the slope with 
power shovels on benches. Most of the material 
required blasting, an average of } lb. of 40 per cent. 
powder per cubic yard of material being used. 


End-dump trucks transported the material to the 
hopper of the processing plant from which it was 
transported by other trucks to the embankment 
of the dam. The processing plant was located 
approximately 1,000 ft. upstream from the axis of 





the dam and at about crest level. 


It was designed 








for an operating capacity of 900 cubic yards per 
hour and attained that capacity in service. The 
plant was well designed and performed exceptionally 
well; the shut-down time due to breakdowns 
or repair work, amounted to less than 2 per cent. 
of the operating time. A total of 1,200,000 cubic 
yards of slide-area excavation material was processed 
through the plant. 

A general view of the screening plant is reproduced 
in Fig. 23, opposite, together with a drawing show- 
its arrangement, Fig. 24. The end-dump 
trucks discharged into the tapered hopper a, Fig. 
24; one of them can be seen discharging in 
Fig. 23. The tapered hopper led to the receiving 
hopper 6, which had a capacity of 90 cubic yards. 
This was provided with a travelling chain-feeder 
bottom, driven by a 150-h.p. motor through 
reduction gear, and discharged, through a short 
steel chute c, to a revolving screen d. This was 
6 ft. in diameter and 25 ft. long and was set at 
a slope of 34 to 1. It was placed directly over a 
16 ft. by 20 ft. 6 in. bin, e. This was divided into 
two compartments by a partition f, to the top of 
which a movable gate g was hinged. As the raw 
material travelled down the revolving screen, the 
finer particles were discharged on the right of the 
partition f, the coarser passing on to fall into the bin 
on the left of the partition. Oversize rock passed 
through the screen and fell into the bin h from which 
it was discharged to trucks by the chain-feeder ¢. 
The swinging gate g at the top of the dividing 
partition f was adjusted as necessary to ensure ade- 
quate separation of the finer semi-pervious material 
from the coarser pervious material. The proportion 
of each of these in the raw mix naturally varied 
from time to time. Material from bin e was drawn 
off through tapered funnel discharges 1 and k, 
provided at their lower ends with air-operated roller 
flap gates, and was collected by trucks run in below 
as shown in Fig. 24. Semi-pervious material 
passed to funnel k and pervious material to funnel l. 
The whole plant was controlled from a cabin at 
the top which can be seen in both illustrations. 

Material for the rock-fill section of the embank- 
ment was obtained from the excavation for the spill- 
way and outlet works, and from the oversize in the 
slide-area ewcavation. Basalt rock for the 3-ft. 
thickness of riprap on the upstream face, and the 
2-ft. cover on the rock fill, was obtained from the 
screening plant in the Whipple borrow area. After 
this area was inundated by the reservoir, rock was 
obtained from a heavy talus slope deposit about 
half a mile upstream from the dam on the right-hand 
side of the canyon. As this supply became ex- 
hausted, additional rock was obtained from blasting 
the 150-ft. vertical cliff above the slope. Two 3-ft. by 
5-ft. tunnels, located 80 ft. apart, were driven into 
the rock face a distance of 70 ft. Drifts driven at 
right angles to these tunnels provided pockets for 
holding the explosives. These drifts were packed 
with approximately 62,000 lb. of 40 per cent. 
strength powder. The tunnels were then stemmed 
with sacked tunnel detritus. The resulting blast 
produced the 100,000 cubic yards of broken basalt 
required to complete the embankment of the dam. 


(To be continued.) 








Untrep Kinepom CoaL Exports.—Exports of coal 
from the United Kingdom, including bunker coals, 
exceeded 8,000,000 tons during the first 29 weeks of the 
present year. This is over 2,500,000 tons greater than 
the total for the corresponding period of 1947. 





Sm Joun Cass TECHNICAL INSTITUTE.—Day and even- 
ing students are prepared, at the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, for 
either the internal or external degree examinations 
of the University of London in science and metallurgy, 


including the B.Sc. (General) and (Special) and the B.Sc. | P 


(Engineering) Metallurgy degrees. Post-graduate courses 
leading to the M.Sc., Ph.D. and D.Sc. degrees are also 
available, and, in addition, candidates are prepared for 
the associateship of the Royal Institute of Chemistry 
and the Institute of Physics, and for the licentiateship 
and associateship of the Institution of Metallurgists. 
The Sir John Cass Institute houses a Department of 
Navigation for sea-going apprentices and navigating 
officer3, and a School of Arts and Crafts. Copies of the 
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Fine-Grained Alluvial Deposits and Their Effects on 
Mississippi River Activity. By PROFESSOR HAROLD N. 
Fisk. In two volumes. Mississippi River Commis- 
sion, Corps of Engineers, Waterways Experiment 
9 Vicksburg, Mississippi. [Price 2-50 dols. the 
set. 

Tuts work is one of great value to the river engineer, 
especially since the work of Inglis and others on 
meanders has come to the fore. It is a study 
organised by Professor Fisk, of the Louisiana State 
University, at the request of the Mississippi River 
Commission, and covers the very difficult subject 
of the variation in alluvium and its effects on 
meanders. The text is contained in the first volume, 
a modest quarto of 82 pages, which is packed with 
the essential facts. The second volume is a double 
folio of 74 plates. Fifteen of these are plans showing 
the alluvial nature of the sediments in the bayous 
from Cairo, Illinois, to Baton Rouge, 30 illustrate 
the geological profiles of 296 cross-sections, 13 deal 
with special studies, and the remainder are de- 
scriptive. 

The Mississippi is one of the very great rivers of 
the world and its rivals, the Amazon, Nile and 
Yangtze, cannot compare with it in respect to 
developed economic value. The flood plain, with 
which alone this study is concerned, extends over 
eight degrees of latitude and has an average width 
of 75 miles. The average discharge in the middle 
of the flood plain is 560,000 cusecs, and the maxi- 
mum, over 2,400,000. The natural maximum 
variation of level at the head of the plain is 45 ft., 
increased by dyking to about 60 ft. These figures 
are very similar to those found in the Yangtze. 
About 25,000 years ago, glacier development in 
North America was at its last maximum and the 
withdrawal of sea water reduced sea levels by about 
400 ft. In England this was the period in which 
the North Sea was dry land. This great fall to the 
sea caused the plain to be deeply incised by the 
Mississippi and its tributaries, but, in the subsequent 
years, up to about 5,000 years ago, the sea level 
rose again to its present level and the great trench 
filled up with alluvium, in which the present river 
now meanders. There is a state of balance between 
slopes and sedimentation, only slowly modified by 
the gradual advance of the delta into the Gulf of 
Mexico. A very unusual uniformity of conditions 
exists throughout the plain. 

One of the most remarkable features, however, is 
the manner in which alluvium is sorted in the pro- 
cess of refilling abandoned meander loops (bayous), 
which results in the formation at various points in 
the plain of more resistant material, which has a 
marked effect on the migration and position of 
meanders. The control of floods, and, to a less 
extent, the improvement of navigability, have 
caused works to be undertaken during the past 
century which are intimately concerned with the 
stability of meanders, and it is the special purpose 
of this study to throw such light as can be found 
upon the past history and rules of behaviour of 
meanders and cut-offs, natural or artificial. 

From Cairo, Illinois, to the sea, there are some 
90 or so meanders in a distance along the axis of 
the stream of some 1,100 miles, which has been 
shortened by artificial cut-offs to 970 miles, and a 
drop of about 300 ft. The degree to which the 
meandering is recorded in the local topography is 
well illustrated by Plates Nos. 15 and 16, which 
show the river in the neighbourhood of Greenville, 
Mississippi, where, some ten years ago, a most 
venturesome scheme of cut-offs was undertaken 
to relieve the flood conditions at the head of the 
lain. The meander belt is about ten miles in 
width and the whole surface is scarred with the 
remains of abandoned loops. A great deal of 
attention is given to cut-offs of two varieties, 
“chute ” and ‘‘neck.” In the first, the meander 
is supplanted by a direct flow across the base of 
the loop; in the second, the loops come into 
contact, and flow is short-circuited through the 
contact point. 





prospectus may be obtained from the Principal. The first 
term of the 1948-49 session begins on September 27. 


Much is said of the formation of natural dykes, 
behind which there are backswamp areas which 


fill up in a somewhat different manner from the 
bayous. The deposits are classified as follows : 
natural levee (dyke) deposits—silty clays and silty 
sands ; point bar (convex spits) deposits—silts and 
silty sands ; backswamp deposits—silts, clays and 
silty clays; channel filling ‘“‘clay plug ”—clays, 
blue muds, silty clays and sandy silts ; backswamp 
deposits overlain by thin natural levee deposits ; 
point bar deposits overlain by thin natural levee 
deposits ; followed by geologically earlier forms. 

There can be little doubt that a similar investi- 
gation would be of great value in other rivers, 
although it is uncertain whether the different deposits 
could usually be so clearly distinguished ; there is 
obviously ample scope for study by geologists and 
engineers in this subject. The most striking feature 
of meandering is its regularity in certain conditions, 
which shows clearly that, when the materials 
eroded and depcsited are uniform, mathematical 
laws apply. On the other hand, meanders may 
vary in shape, pitch, width, etc., in a most amazing 
manner, and it is very clear from this investigation 
that variation in the materials eroded is a most 
important factor in deciding these matters. It is 
indicated that the plugging of old meander beds 
with material of relatively high resistance to 
erosion may facilitate the formation of straight 
reaches, and it may well be that a careful choice of 
locations for rectifications, dyking or dredging, in 
the light of this knowledge, will lead to great 
economies in river control. 

While the engineer is not concerned with such 
matters, it cannot but be of interest that this inquiry 
is related to the long-term question of world cycles. 
Professor Daly, in his Changing World of the Ice 
Age, published in New Haven, Connecticut, in 
1934, and Dr. Zeuner, in his recent book Dating 
the Past, have shown that geological changes of a 
cyclic character are proceeding now, as ever. It 
may well be that prolonged investigation of the 
Mississippi valley will throw more light on the past 
features of the present cycle, and thereby, perhaps, 
some gleams on the future. 


Phénoménes radioactifs et introduction &@ la Physique 
nucléaire. By PROFESSOR GEORGES GUEBEN. Kdi- 
tions Desoer, 21, Rue Sainte Véronique, Liége. [Price 
280 Belgian francs]; and Dunod, 92, Rue Bonaparte, 
Paris VIe. [Price 950 French francs. ] 

PROFESSOR GUEBEN is the Director of the Labora- 

tory of Radioactivity and Nuclear Physics in the 

University of Liége and an active contributor to 

these rapidly developing branches of physics. This 

book is based on two courses given by him at the 

University of Liége, one in the Faculty of Science on 

** Radioactive Phenomena,” and the other in the 

Faculty of Applied Science, under the title “ Intro- 

duction to Nuclear Physics.” Rather more than 

half of the text is devoted to natural radioactivity 
and the remainder to artificial radioactivity and 
nuclear physics. 

The first three chapters sketch the discovery of 
radioactivity and the work of its pioneer investi- 
gators ; outline the chief phenomena of the ionisa- 
tion of gases; and describe the relevant experi- 
mental techniques for the study of radioactive 
transformations. Radiation in the form of particles 
or photons is the characteristic accompaniment of 
radioactive disintegration, and the next five chapters 
detail the properties of the « and g rays and of the 
y radiation and the means whereby their nature 
was established, and describe some of the theoretical 
consequences of this emission and of the secondary 
and recoil radiation to which it gives rise. The 
admirably clear account of the theory of the evolu- 
tion and of the statistical equilibrium of the 
members of the natural radioactive families, with 
average lives ranging from 10-1! of a second to 10% 
years, is illustrated with representative examples. 
The following section outlines the chemistry of the 
radioactive elements, discusses isotopes and the 
methods available for their separation, and provides 
a useful summary of the main properties of the 
natural radioactive elements. The physical methods 
used to supplement the chemical analyses are so 
sensitive that quantities of radium as small as 10-* 
gramme can be detected. The first part concludes 
with an account of the chemical, physical and 
biological actions of the radiations, and a discussion 
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and of the Wilson 
chamber technique for observing them. 

The second part opens with a theoretical treatment 
of the field of force round the nucleus and of the 
newer views concerning the penetration of particles 
through potential barriers. It is followed by four 
chapters dealing, in turn, with the fundamental facts, 
the experimental techniques and the results so far 
achieved in the artificial transformation of nuclei, 
and the nuclear fission that results from the disinte- 
gration of uranium and thorium by neutrons. 
The basic importance of the cyclotron would have 
justified a fuller treatment. The methods of 
producing controlled chain reactions are briefly 
described, together with the use of the resulting 
products in the atomic bomb, while the far more 
constructive consequences of applying radioactive 
indicators, manufactured in the pile, to biological 
and chemical investigations are outlined. Two 
chapters are devoted to the geological implications 
of radioactivity in determining the age of minerals 
and to a summary of present knowledge of cosmic 
rays. The concluding chapters summarise the 
present position in regard to the constituents of 
atomic nuclei and the manner in which they enter 
into nuclear structure. 

There are a few misprints, which should be noted. 
In the preliminary list of constants, gm~' should 
be added to the units for the specific charge of the 
electron, and the units for the mechanical equivalent 
of heat are omitted. In the third equation, on page 
13, N* should read N;, an S is missing from Fig. 21 
(page 34), a A is inverted on page 87, Bieler and 
Bothe are incorrectly spelt in footnotes on pages 148 
and 161, and the upper figure on page 164 is not 
numbered. 

Professor Gueben’s mastery of the subject is 
apparent in the brevity and clarity of his exposition 
and in the skill with which he has succeeded in 
surveying all topics of major importance and in 
presenting them in proper perspective. Though his 
book is not “‘ popular” in the sense of avoiding 
all lapses into mathematics, it is one of the most 
attractive introductions to radioactivity and nuclear 
physics that have appeared so far. 


Industrial Applications of Infra-red. By J. D. HALL. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 3.50 dols.]; 
and McGraw-Hill Publishing Company, Limited, Ald- 
wych House, Aldwych, London, W.C.2. [Price 21s.] 

Durie the past ten years or so, the use of infra-red 

radiation (in practice, mainly within the spectral 

range from 8,000 to 30,000 A) has made such rapid 
strides in industry for many specialised purposes 
that some knowledge of its possibilities and methods 
of use is part of every liberal education in engineer- 
ing. The most obvious source of such knowledge 
is the designer of infra-red heating equipment, who 
is well informed about both the physics of the radiat- 
ing apparatus and the technique of employing it 
advantageously over its whole range of application. 

The author of this book has the necessary qualifica- 
tion, for he holds the position of advisory engineer 
to the lamp division of the Westinghouse Electric 

Corporation, and displays a familiarity with infra-red 

radiation practice which the reader will find con- 

vincing on matters of scientific fact, yet pleasantly 
free from bias in comparing the infra-red electric 
lamp with alternative means of solving industrial or 
domestic heating problems. Mr. Hall writes instruc- 
tively of gas-fired radiators and their merits for an- 
nealing light alloys or brazing carbide tips on cutting 
tools, without detriment to his excellent case for the 
incandescent lamp, to which he appends a survey of 
costing, power consumption and other technical data 
covering the planning of infra-red installations and 
the qualities n in auxiliary equipment. 
Typical of the author’s predominantly practical 
approach is his view that, useful as heating formule 
and calculation may be in radiant-heating design, 
actual testing and experience are quicker and more 
helpful in reaching the final and complete solution 
of a given problem. How obviously true this is 
becomes evident from a chapter on the infra-red 
treatment of paints and similar surface finishes, in 
which a wealth of information, condensed into 
graphical and tabular form, shows how the results 
of infra-red drying depend on the properties of the 
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surface and its coating as well as on the radiation 
characteristics. 

Apart from some brief reassuring remarks on the 
physiological harmlessness of infra-red rays, and a 
note on the spectral selectiveness of filters, the 
remainder of the text is absorbed in descriptions of 
photographic reproductions exemplifying proven 
applications of infra-red over an astonishing variety 
of industrial and domestic service. They range 
from the sublime to the ridiculous: from drying 
foundry moulds, curing plastics and glues, paper 
making and electrical insulation, at one end of the 
scale, to broiling steaks, drying nail varnish and 
ridding dogs of fleas, at the other, passing on the way 
through the manufacture of explosives, food pro- 
cessing, textile finishing, engineering drawing and 
scores of other interesting uses. Reference is made 
to infra-red radiation in photography and thera- 
peutics, while many examples, having potential 
applications in engineering workshops, laboratories 
and offices, as well as in garages and bathrooms, 
combine heating and lighting with attractive results. 
The outcome of Mr. Hall’s industrious compilation 
is an interesting, rather than a profound, book 
which can be read easily without much scientific 
knowledge as a background, and it should be found 
fruitful in suggesting solutions to existing heating 
problems as well as new outlets for infra-red radia- 
tion. In both these respects, the probability that 
infra-red has been more extensively developed in 
the United States than in Britain enhances the 
interest of the book to engineers and industrialists 
in this country. 


Tables of the Bessel Functions of the First Kind of Orders 
Sixteen Through Twenty-seven. By the Staff of the 
Computation Laboratory of Harvard University. 
Harvard University Press, Cambridge 38, Massa- 
chusetts, U.S.A. [Price 10 dols.]; Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 55s. net.] 

Tuts volume, the ninth in the Annals of the Compu- 

tation of Harvard University, and the 

seventh of the set of tables of the Bessel Functions 
of the first kind, covers the orders 16 to 27, inclusive. 

The work was carried out on the automatic sequence- 

controlled calculator, and the necessary control 

tapes conveying the appropriate instructions to the 
machine were coded by John A. Harr, who also 
supervised the operation of the machine. Since 
the final entries are automatically checked before 
being printed by the machine itself and are repro- 
duced by offset lithography, accuracy is guaranteed. 
The method of computation is based on the well- 
known recurrence formula whereby a Bessel Func- 
tion of order n + 1 can be built up from the corre- 
sponding functions of order n and n—1. Three 
functions, tabulated to ten decimal places, appear 
on each page. The increment in the argument is 

0-01 throughout and the argument itself extends 

to 99-99 in each case. The functions of orders 

16, 17 and 18 are tabulated on pages 3 to 196 with 

J 1, (x) starting from z = 3-10, J,, (x) from x =3- 55, 

and J,, (x) from z = 4-05. The functions of orders 

19, 20 and 21 are tabulated on pages 198 to 388, 

with J,, (x) starting from z = 4-60, Jz, (x) from 

x = 5:15, and J,, (x) from z = 5-70. The functions 

of orders 22, 23 and 24 are tabulated on pages 

391 to 578, with J,, (x) starting from xz = 6-25, 

Jo3 (x) from x = 6-85, and J,, (x) from z = 7-45. 

The functions of orders 25, 26 and 27 are tabulated 

on pages 581 to 764, with J,, (x) starting from 

x = 8-05, Jz, (x) from x= 8-70, and J,, (x) from 

az = 9-30. 

Methods of interpolation are not given, as they 
have been described already in the introduction to 
vol. 5. The smallness of the interval of tabulation 
reduces the necessity of interpolation to a minimum 
and enables it to be dispensed with altogether for 
most practical purposes, where four-figure accuracy 
is seldom exceeded. The zeros of the Bessel Func- 
tions are often required and a list of the corre- 
sponding values of the argument would be useful 
for many problems arising in practice. The contract 
between the Bureau of Ordnance and Harvard 
University calls for the tabulation of the Bessel 
Functions of the first kind as far as order 100, and 
the fact that the first 27 orders have been completed 
in little over twelve months reflects the greatest 





credit on all concerned. 
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THE MACHINE TOOL AND 
ENGINEERING EXHIBITION 
AT OLYMPIA. 


(Concluded from page 271.) 


Wrra this article we conclude our account of 
some of the exhibits at the Machine Tool and 
Engineering Exhibition which, as recorded last 
week, closed on Saturday, September 11. The 
machines described this week include a lathe for 
generating intricate decorative designs, a centre 
lathe with an electronically-controlled contouring 
attachment, and a board-type drop stamp. 

Messrs. B. and S. Massey, Limited, Openshaw, 
Manchester, exhibited 7-cwt. arid 5-cwt. pneumatic 
power hammers, a }-cwt. spring power hammer, a 
7-ewt. automatic friction drop stamp, a board 
drop stamp, a 70-ton high-speed friction screw 
press, and a 300-ton trimming press of the tie-bolt 
type. They also displayed models of other stamps, 
hammers, etc. The 10-cwt. board drop stamp, 
which is illustrated in Fig. 69, on this page, is one 
of a range of three such machines, the other two 
having 15-cwt. and 20-cwt. tups. The design 
incorporates two advantages over the usual design 
of board drop stamps. In the first place, the lifting 
and holding-up mechanism is operated by com- 
pressed air, thus eliminating heavy “fall” bars 
and the striking mechanism for operating them, 
and enabling the stamp to. be controlled by. a pedal, 
the only function of which is to operate the control 








Fie. 70. “SHarpemaster Encraver”; Monarcn Macuine Toot Company. 


valves. Secondly, the position of the pedal controls 
the length of the tup stroke. With the pedal 
depressed to its lowest limit, the longest stroke is 
obtained (4 ft. for the 10-cwt. stamp using maximum- 
depth dies, 12 in. deep); and as the pedal is allowed 
to rise, the strokes become progressively shorter. 
An overriding control by means of a handwheel, 
however, enables the operator to limit the maxi- 
mum length of stroke, irrespective of the position 
of the pedal. 

The head-gear is of welded steel construction 
with a 12}-h.p. motor driving cast-iron rolls. The 
standards, or columns, are of box form, with 
double-V steel slides to guide the forged-steel tup. 
The anvil block is of cast-iron and weighs at least 
20 times the nominal weight of the stamp. The roll 
eccentric is operated by a small plunger and air 
cylinder, the supply of air being governed by a 
control valve which has both rotary and recipro- 
cating motions. It is rotated from the pedal by an 
endless chain, and its rotary position governs the 
length of stroke. The reciprocating motion is 
imparted from the tup by a mechanism which 
causes the valve to move endways in its housing as 
the tup moves. The hold-up gear is operated by 
a separate air cylinder and. plunger, the control 
valve of which is coupled to the pedal and is timed 
so as to operate the hold-up gear at the moment 
when the pedal reaches the position corresponding 
to the shortest stroke of the stamp. The lifting 
speed of the tup is 450 ft. per minute, and the 
maximum number of full-stroke blows per minute 
is 52. The weight of the stamp, including the anvil 
block, is approximately 17 tons 15 cwt. 

The Rockwell Machine Tool Company, Limited, 
Second Way, Exhibition Grounds, Wembley, Mid- 
dlesex, showed a great variety of British and 
American machines, including boring machines, 
broaching machines, lathes, press brakes, drilling 
machines, shapers, and grinding machines. Their 
most novel exhibit was probably the “‘ Shapemaster 
Engraver,” a special type of copying lathe made by 
the Monarch Machine Tool Company, Sidney, Ohio, 
U.S.A., and illustrated in Fig. 70, on this page. It 
is particularly suitable for generating metal moulds 
for decorative glassware, plastics, die-casting, etc. 
The mould blank is chucked in the lathe and the 
shape is generated on the inside by a turning tool 
which is caused to reciprocate to and from the work 
to produce the desired shape. The tool is pro- 
vided with a substantial clearance angle to ensure 
that it is capable of “digging into” a hollow, 
groove, etc., of the shape. The reciprocating 
motion of the tool slide is imparted by a stylus, 
through a linkage, operating on a rotating master 
pattern at the back of the lathe. 

The master pattern, however, bears little apparent 








resemblance to the required shape. It is generally 
larger, and is prepared in the following manner. 
An ‘intermediate’ pattern is made by ordinary 
handand machine methods. In the case of a repeti- 
tive design, it resembles one “ cycle ” of the design 
cut on a round bar. This intermediate pattern is 
then chucked or held between centres; as 
pointed stylus on the top slide of the lathe follows 
the rotating pattern and imparts motion to a small 
milling cutter at the back of the lathe. The milling 
cutter, rotated by a separate motor, machines the 
master pattern, the speed of rotation and longi- 
tudinal feeds of which are greater than those of the 
intermediate pattern. 

Thus, the master pattern is comparatively large ; 
the sharp angles of the design are “‘ flattened out,” 
so that when a stylus or follower, having a roller 
of the same diameter as the milling cutter, is sub- 
stituted for the milling cutter, the workpiece is 
substituted for the intermediate pattern, and a 
sharp-pointed tool is fixed to the tool-post, the 
correct reciprocating motion of the tool is imparted 
to it by the roller running on the master pattern 
and acting through the linkage. Fig. 70 shows the 
lathe with a master pattern at the back, but without 
a workpiece. The relative rotational speeds of the 
workpiece and the master pattern determine the 
number of individual ‘“‘ design cycles” generated 
on the workpiece. The workpiece usually rotates 
comparatively slowly, to allow the sharp-pointed 
tool to move in and out to generate the design, 
but by the arrangement of master pattern, etc., the 
motion of the master pattern past the follower is 
rapid and the control of the tool is thereby rendered 
more positive. There are two sets of linkage: 
one which passes round the tailstock, at the end of 
the bed, and controls the relative longitudinal 
movements of the master pattern and the tool, 
the ratio being adjustable ; and one which connects 
the roller follower to the tool slide. 

A typical instance of the value of the Shapemaster 
is afforded by the case of a mould for a glass dish. 
The intermediate pattern required 12 hours to 
make; the master pattern took another 8 hours ; 
and the mould was then machined in 7 hours. The 
total time of 27 hours may be compared with 120 
hours required for the preparation of a mould by 
hand chipping, etc. Furthermore, new moulds can 
be made thereafter in 7 hours each, and the pattern 
can be used for making moulds of other sizes, for 
example, a mould for a goblet, which would be a 
smaller vessel than the dish but would have the 
same basic “design cycle.” The Shapemaster is 
not limited to the machining of hollow moulds, 
however, but is suitable for all kinds of designs on 
discs, bars, the interiors of hollow objects. 

The Rockwell Machine Tool Company also showed 
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the Monarch Mona-Matic lathe, which is a produc- 
tion copying lathe with a hydraulically-operated 
oblique top-slide controlled pneumatically by a 
stylus. Copying is accurate to within 0-000] in., and 
the machine requires less than 10 minutes to set up. 
The turning cycle for each workpiece is automatic. 
The same firm, as agents, had one stand in con- 
janction with Messrs. Vickers-Armstrongs Limited, 
Vickers House, Broadway, London, 8.W.1, on 
which were shown “ British Clearing ” press brakes 
and presses. 

Messrs. Stein and Atkinson, Limited, Parnell 
House, 25, Wilton-road, London, S§.W.1, showed the 
Vickers-Detroit components fer hydraulic control 
of machine tools, etc. The firm are now manufac- 
turing the components in this country under licence 
from the United States firm. The hydraulic systems 
are used on many British machine tools. The 
pumps are suitable for pressures up to 1,000 lb. 
per square inch, using a single stage; and up to 
2,000 Ib. per square inch using a double stage. 
The Vickers-Detroit balanced-vane type rotary 
pumps used are designed to eliminate the side thrust 
which is unavoidable with a normal vane pump 
having a rotor disposed eccentrically in the body. 
With the balanced-vane pump the chamber in the 
body is elliptical, and the rotor axis is coincident with 
the centre of the ellipse. Thus, there is a pumping 
space on each of two opposite sides of the rotor, the 
pressures in which balance each other. 

Messrs. George H. Alexander Machinery, Limited, 
” 82, 83 and 84, Coleshill-street, Birmingham, 4, 
exhibited a number of imported machines and 
some of their own manufacture. The No. 2 
automatic, which is one of a new range of automatics 
made by the firm, has a capacity of 1} in. diameter, 
and will produce components up to 4 in. long. 
It is suitable for chucking or bar work. The turret 
has four stations, and there are two cross-slides 
with independent motion and micrometer adjust- 
ment. The open arrangement of the machine is 
particularly suitable for second- and third-operation 
work with magazine feed. Among the machines 
for producing bolts and nuts cold, was a new solid- 
die machine which can produce }-in. by 3-in. bolts 
at the rate of 175 per minute. It was fitted with 
an Ajax-Hogue wiredrawing attachment which 
permits the use of black rods instead of drawn 
wire. This has the advantages that black rod is 
cheaper than drawn wire, and the heading operation 
is easier with black rod than with wire which has 
age-hardened. 

On the stand of Messrs. John Lang and Sons, 
Limited, Mary-street, Johnstone, Renfrewshire, were 
various all-geared head screwcutting and boring 
lathes. They ranged from a “ Junior ” six spindle- 
speed screwcutting unit of 13-in. swing and 3 ft. 3 in. 
between centres, to large machines, such as a 12- 
spindle-speed 26-in. hexagonal-turret lathe and a 
28-in. screwcutting lathe, of 6 ft. 10 in. between 
centres. On one of the lathes was fitted an electri- 
cally-operated automatic-copying attachment, which 
has been developed im conjunction with Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester. This attachment, which 
is illustrated in Figs. 71 and 72, on this page, incor- 
porates electronic, equipment and represents a 
further step in the development of profile followers 
for machine tools. It is designed to make the cutting 
tool follow the profile of a template, and so repro- 
duce the shape of a given pattern. It was fitted to 
a 20-in. screwcutting lathe (34 in. gap swing), 
having 12 spindle speeds from 10 r.p.m. to 500 r.p.m., 
and 28 feeds. The copying is effected by means of a 
cylindrical stylus or tracer, which in practice bears 
lightly against the template profile being repro- 
duced. The stylus can move against built-in springs 
to the extent of a few thousandths of an inch in 
any direction in the horizontal plane, and it has a 
head (clearly seen in Fig. 72) containing electro- 
magnetic equipment which transforms the compo- 
nents of the deflection of the stylus into two voltages. 
One is directly proportional to the deflection 
parallel to the lathe bed, and the other, proportional 
to the deflection at right-angles to the bed. These 
voltages, in conjunction with those from a directional 
bias control referred to below, regulate two small 
split-field direct-current motors geared to the cross- 
and longitudinal-feed screws. Coupled to each 
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motor is a small tachometer generator which pro- 
duces a voltage proportional to its speed. 

The function of the manually-operated directional- 
bias control unit is to bring the stylus and tool-post 
up to or away from the template profile and the 
work, respectively. It is contained in a small 
panel-faced box mounted on the lathe-saddle 
within easy reach of the operator, and the direction 
in which the stylus and tool-post are required to 
move is set by the upper control knob and its 
pointer. The unit embodies specially-wound rotat- 
able potentiometers operated by the upper knob, 
which are arranged to give voltage outputs pro- 
portional to the components of the pointer direction 
parallel with, and at right-angles to, the lathe bed. 
These two voltages, together’ with the feed-back 
voltages from the tachometer generators, are fed to 





two amplifiers housed in the main control cubicle 


(not visible in Figs. 71 and 72), and the outputs 
energise the split‘fields of the two feed motors. 
The feed-back voltages from the tachometer gener- 
ators ensure that the longitudinal- and cross-slide 
motors operate at speeds which are directly propor- 
tional to the above mentioned components of 
pointer direction, and thus ensure that the stylus 
and tool-post move in a direction parallel to the 
pointer. When the stylus makes contact with the 
template and is thereby slightly deflected, the result - 
ing output voltages from the electromagnetic 
equipment in the stylus head oppose the correspond- 
ing voltages from the control unit, thus preventing 
the feed motors from developing any torques which 
tend to drive the stylus farther into the template. 
The motor: speeds therefore adjust: themselves s0 
that the stylus is carried smoothly along the profile 
of the template. 
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THE YOUNG ENGINEER.* 


By Wxxe-Commaypen T. R. Cave-Browns-Cave, 
C.B.E. 


(Concluded from page 288.) 


Facu of these general types of work demands -—- 
ecring qualities in widely varying proportions. Itis 
also, in many cases, difficult to ascertain which of these 
qualities a student will develop most strongly and 
therefore which type of work he should undertake. 
The man who y wants to be an engineer has an 
instinctive leaning towards the practical side. He is 
inclined to shirk science, and particularly mathematics. 
He must, however, realise that many most interesting 
developments depended on these subjects and that, if he 
does not follow to the limit of his ability, he may 
be giving up knowledge most essential for his work. 
It is important, nevertheless, that the mathematics and 
science he is taught should not be harder than is really 
necessary, nor of an inappropriate t At many 
points along the main oad of engineering science there 
are forks by which those who are slowing down may 
divert into more practical work. These diversions are 
most important, and should be arranged so that a 
change is not regarded as failure or degradation to a 
lower classification. 

Some boys leave school to begin apprenticeship at 16, 
and study by part-time work for the Higher National 
Certificate. Others remain at school lo) and obtain 
matriculation exemption, and perhaps also exemption 
from the intermediate. They then require three years 
to obtain a degree. The degree course, therefore, 
becomes so exacting that marry candidates who remain 
at school until they are too old for apprenticeship are 
incapable of completing it. For this reason, the demand 
for part-time courses leading up to the associate mem- 
bership examinations is likely to increase, especially 
in civil engineering. There will also be a demand for 
short courses given by specialists and describing recent 
technical developments. These should be given in the 
evening at technical colleges. 

In addition to the examinations for degrees, associate 
memberships and Higher National Certificates there 
appears to be a demand for a craftsman’s certificate to 
cover practical manual skill and judgment. It should 
include an understanding of technical principles, with 
acertain amount of sketching, reading of drawings and 
making calculations, of a standard not higher than a 
craftsman will be called upon to use. Many men can 
take such a course with advantage, but the demand for 
them will always be large; they are craftsmen much 
more valuable than the machine-minder-operative. 
The courses should have a national standard of quali- 
fication, and they must not be regarded as technically 
or socially inferior to the present courses, which involve 
more’ mathematics, but less practical skill. Mathe- 
matics appears to be the factor which limits the progress 
of a:student along the main road of engineering science 
and makes it necessary for him to be diverted. It is, 
therefore, important that it should be taught so that it 
is seen as a tool for solving practical problems. In this 
respect, a great deal de upon the technique and 
outlook of the lecturer. It may be better that he or 
be an engineer who has had experience in applying 
mathematics, rather han a mathematician. The 
problem of teaching .mathematics to engineers is 
necessarily bound up with the methods they can use 
to the best advantage. These are matters of such 
importance that, in the present meeting of the British 
Association, an inter-section discussion has been 
arranged with Section A* under the title of “‘ Applicable 
Mathematics.” 

In the education of an engineer a great deal depends 
upon the wisdom acquired from the instructors, in 
addition to the science and technology that they teach. 
For this reason it is desirable that these teachers should 
have experience of applying principles and technique 
to real engineering problems. hey should main- 
tain close personal touch with industry and should 
undertake investigations similar to those which the 
stuaents are most likely to encounter. The more 
abstract type of research is less appropriate as a 
supplement to teaching. The extent to which instruc- 
tors can convey engineering wisdom and help the 
development of personality depends upon how deli- 
berateiy the course can be taken and how much time 
and opportunity is allowed for incidental discussion. 

The test which is applied at the end of a course 
should have two objects. It must give the student a 
label, indicating the proficiency he has attained in the 
subject-matter and his probable ability in applying 
his knowledge to useful purpose. It may also 23 used 
to determine whether the student is capable of pro- 
ceeding to a more advanced course. Admission to 
the latter, however, should not be merely a prize 

awarded for former meritorious work. It should be 
granted only to those most likely to benefit. The examin- 


* Presidential address to Section G of. the ~ ‘British 
Association, delivered at Brighton on Thursday, Septem- 
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ation is a valuable stimulant and, in most cases, is the 
dent test that can be applied. 
The work which the student does during the course 
must also be given due weight wherever possible, 
} because it can be made so much more representative | electrolytic process for thickening the oxide film present 
of future practice than can the necessarily artificial 
questions of an examination. Industrialists can make | several reasons; it may be intended to provide a key 
a great contribution to the improvement of engineer- 
ing teaching if vy! will scrutinise the men who| electrical conductor. Alternatively, the coating may 
rom training and will pass back | be applied for decorative purposes, or simply to increase 
uggestions, however, | the naturally high resistance of an aluminium surface 
should not carry too much weight in controlling the| to corrosion. Moreover, the anodic film may be dyed 
course of instruction, as it remains the bility 
of the teaching staff to provide the best long-range! gough and Mr. J. M. Stuart are recognised as the 
educational value. This cannot properly be measured | originators of anodising, and the chromic-acid process 


made simpler than at present, so that there will be 
casualties " who fall out and go no farther. | nitric acid to neutralise any remaining al 
Courses of instruction should be aimed at the future 
application of the skill and knowledge taught. They 
must teach the essential principles and establish a| that all surfaces to be treated are exposed to the 
foundation upon which the student can build. They | solution, that good electrical contact is made with the 
must provide a fund of knowledge (mainly in books) 
to which the student can refer for accurate detail 
when he has to apply it to actual problems. Students | by it, and that circulation is not impeded. 
must develop the art of learning from these sources 
by independent study. Syllabuses can then be short- 
ened and more time made available for discussion and | original 
thorough understanding. It is better to teach the|solution of chromic acid, made 
general principles of all main engineering subjects than 
to abandon some and carry one or two selected subjects 
stage. Mathematics must be taught in a 
really appropriate form as a useful tool. Practical 


. A student should have 


‘ore he begins a degree| square foot. In the third, or oxalic-acid, process, 
course. The year of national service would, if suitably 

— be most valuable for this purpose. Personal | the electrolyte is a 3 to 8 per cent. solution, by weight, 
qu , judgment, effectiveness, enterprise and deter- | of oxalic acid and the current density adopted ranges 
mination are so important that they must be con- ‘ 

sidered in the selection of a candidate and must be 


ANODIC OXIDATION OF 
ALUMINIUM. 


BrigFty, anodic oxidation, or anodising, is an 


on all aluminium s The process is applied for 


for painting or to furnish an insulating coating for an 


in a wide range of colours. The late Dr. G. D. Ben- 


for which they took out a patent in 1923 is still one of 


“Other interests,” which may be recommended as/| the three main processes in use to-day. The normal 
specially suitable for an engineer, are those which 
involve manual skill and in which ae 18 | varies from 0-007 mm. to 0-015 mm., while the thick- 


d, a good | ness of the natural film formed on aluminium by 
manner and easy co-operation with other men are so 


important that an “interest” which develops these 
qualities is certainly appropriate. There is a good 
deal to be said for the study of biographies, preferably 
of men of action. One improvement, which might | Oxidation of Aluminium and its Alloys,” recently 
assist every student is for each faculty to give| issued, 

one or two general lectures for the benefit of the} Association, 33, Grosvenor-street, London, W.1. 


commercial thickness of satisfactory anodic films 


exposure to the air at normal temperatures is only 
0-000013 mm. Some interesting data regarding the 
main features of the anodising process are given in an 
information bulletin (No. 14), entitled ‘“‘ Anodic 


price 1s., by the Aluminium Development 
Whatever anodising pfocess is employed, several 


In conclusion, it is not suggested that engineering | preliminary and final procedures are common to all. 
education at present is “all wrong.” We have been 


These comprise the preparation of the surface, the 
- | racking of the articles ready for immersion in the treat- 


neering graduates must be doubled and the training| ment bath, the sealing of the pores of the anodic film 
of more practical engineers must increase at least in 


as the article emerges from the treatment bath, and the 


portion. The provision for engineering | final cleaning of the film. Obviously, unless a surface 
education must therefore be greatly increased. This 


can only be done wisely and efficiently if we know 


is clean and free from grease, a good and uniform 
anodic film cannot be formed. For the preliminary 


, BE y| cleaning, the article is scratch-brushed and sand- or 
important are that an adequate description of engi- 


neering and its various branches should be made 
available to the schools, so that the choice of entrants 
may be effected on sound information about the nature 
of the work and the knowledge, skill and personal 
qualities desirable. The general structure of engi- 
neering education should be reviewed, so that it is 


possible for candidates to enter at any eppro om metasilicate crystals per gallon, at 90 to 95 deg. C. 
0 


shot-blasted or polished, according to the finished 
appearance desired. It is then cleaned and degreased, 
@ sequence recommended as satisfactory being the 
following. The first two steps comprise immersion in 
— or suspension in vapour of trichlorethylene, 
followed by immersion for a few minutes in an aqueous 
solution of 2 oz. trisodium phosphate and 4 oz. sodium 


The third step consists in swilling the articles in cold 
water and the fourth in dipping them in 5-per cent. 
kali. Finally, 
the articles are rinsed in cold water. In the anodising 
bath, the articles must be suspended in such a manner 


power conductor, that the jigs or racks employed 
neither contaminate the solution nor become corroded 


A brief description of the three main anodising pro- 
cesses a, be given. The electrolyte used in the 
gough-Stuart process is a 3-per cent. 

by dissolving pure 
chromic anhydride (CrO,) in distilled water, and the 
current density employed ranges from 4 to 6 amperes 
per square foot. In the second, or sulphuric-acid, pro- 
cess, patented by Gower and Stafford in 1927, the 


uring the early stages of engineering | electrolyte is a solution containing from 18 to 22 per 


cent., by volume, of sulphuric acid and the current 
density utilised varies from 5-5 to 11-0 amperes per 


patented by Hojin, Rikagaku and Ken in 1924, 


from 14 to 20 amperes per square foot. 
The anodic film, as it leaves the treatment bath, is 
porous and easily stained, but a sealing process renders 


Finally, engineering is an art and profession upon} the coating impermeable and non-absorptive. One 
which we depend for our prosperity in peace and for 

our survival in war. It is based partly upon science, 
but chiefly upon the personal qualities, technical 
judgment, wisdom and enterprise of its’ professional | the application of linseed oil or lanolin in naphtha, 
members, and upon the practical skill, experience and 

reliability of its craftsmen. Steady improvement in 
engineering education is at least as important as 
developments in science and practice. It is hoped 
that the very broad view that has been given and 
the discussion that will follow it will be of some value 


such process which has wide application consists 
simply in treatment with hot or gently boiling water 
for some ten minutes. Other sealing proceses involve 


or treatment with wax, lacquer or cellulose var- 
nish. The cleaning of the anodic film is carried 
out with furniture polish or soap and water. Mildly 
abrasive compounds and polishes may be used to 
remove slight incrustations, but the anodic film should 
not be subjected to unnecessary abrasion in spite of its 
Y| comparative hardness. The sulphuric-acid process is 

recommended for colour anodising, and is stated to 
provide the widest and most permanent range. of 
colours. There are, however, many instances in which 


THE KELVIN MEDAL.—The Kelvin Medal for 1947 will | chromic-acid films provide dyed colours which are 
be presented to Air Commodore Sir Frank Whittle, | more acceptable because of their dull opaque character. 
K.B.E., C.B., M.A., F.R.S., by the Rt. Hon. Sir John} An 


odised aluminium is often dyed in hot or boiling 


Anderson, M.P., F.R.S., at the opening meeting of the | solutions of dyestuffs, but it is stated that good, and 
Institution of Electrical Engineers, on Thursday, Octo- | sometimes better, results are obtained with cold dye- 
ber 7. This medal is awarded triennially as a mark of 


baths. Many shades of yellow, red, brown, blue, violet 


distinction in engineering work or investigation of any | and green, and also black, are available. In the blue 
kind with which Lord Kelvin was specially identified. | and black range of colours, dyed. anodic films are suit- 
Nominations are obtained from a number of British | able for exterior exposure, provided they are cleaned 
and overseas engineering institutions and it is therefore | periodically to. remove atmospheric deposits. These 
fortunate that some of these will be represented by visitors | colours, the Bulletin states, show little or no fading 
who are attending the Conference of Engineering Societies | after two or three 
of Western Europe and the United States. 


years’ exposure in this country, and 
some have behaved equally well in the tropics. 
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FLYING DISPLAY OF BRITISH 
AIRCRAPT. 


(Concluded from page 284.) 


THE advantages of using amphibious aircraft for 
air-sea rescue work are obvious, and Messrs. Vickers- 
Armstrongs Limited, were exhibiting a new machine 
of this type which is intended to supersede the well- 
known Walrus and Sea Otter aircraft. The new 
machine, which has been designated the Seagull, has 
been designed for the Royal Navy and, in addition to 
air-sea rescue duties, will be employed on naval recon- 
naissance and fleet spotting. It is illustrated in Figs. 13 
and 14, on this page, which show the machine in the 
water and on dry land, respectively, and it will be noted 
from the latter illustration that the wings are arranged 
to fold so that the aircraft can be stowed on an aircraft 
carrier. In addition to folding, however, the wing 
is arranged so that the angle of incidence can be varied 
at any time, whether the aeroplane is stationary 
or im flight. It can, of course, be argued that a 
variable-incidence wing is an unnecessary refinement, 
accomplishing nothing that cannot. be achieved by 
altering the attitude of the aircraft. For land-based 
machines, this argument. probably is true, but when 
fitted to a flying boat, the equipment enables the angle 
of the wing to be adjusted during take-off and landing 
runs, and the hull, as a consequence, kept at the 
most favourable attitude. Furthermore, when landing 
on a carrier, use of the variable-incidence wing, instead 
of ch the attitude of the aircraft, enables 
the pilot to obtain the best view forward throughout 
the landing run. 

As will be seen from Fig. 13, the Seagullis a high-wing 
single-engine monoplane of exceptionally clean design. 
The hull has a flared V-section planing bottom and a 
single step, both of which can be seen to advantage in 
Fig. 14. The cockpit enclosure is unusually roomy 
and dual controls are fitted side by side, so that, if 
required, the aircraft can be used for training purposes. 
ora second pilot carried. The navigator’s compartment 
is immediately aft of the cockpit and it will be noticed 
that both this compartment and the cockpit are 
provided with deep windows which give a clear field 
of view. The superstructure which supports the wing 
carries. at its front end the air intakes for the engine 
induction system, the coolant radiator and the oil 
coolers, while the after end is arranged as an observation 
post. The wing is in three sections; but mechanically 
inter-connected full-span leading-edge slots and ‘slatted 
flaps are fitted. The fuel is carried in the wing 
centre-section, the capacity of the tanks being 
285 gallons; drop tanks can be fitted, however, 
which increase the fuel capacity to 405 gallons. In 
order to obtain variable incidence, the wing front spars 
pivot in bronze bushes, the change in incidence being 
effected through screw jacks which connect the rear 
spar to the wing superstructure. The screw jacks 
can be operated either manually or electrically, and 
the normal and maximum angles of incidence are 
24 deg. and 12} deg., respectively. 

The undercarriage is retracted hydraulically, and, as 
will be seen from the illustrations, the gear is housed 
in recesses formed in the side of the hull when in the 
retracted position. The undercarriage has 
designed so that it can be removed easily when the 
aircraft is requi only for operation from water. 
The tail-wheel, like the main undercarriage, is retracted 
hydraulically and a deck arrester hook is fitted just 
above the tail-wheel for use on aircraft carriers. 

The has a length of 44 ft. 14 in., a height, 
with the tail down and the mee! in the Y position, 
of 15 ft. 104 in., and a span of 50 ft. 6 in.; with the 
wings folded, however, the maximum width is ;23 ft. 6in. 
The wing area is 432 sq. ft. which, with an all-up weight 
of 14,500 Ib., gives a wing loading of 33-60 lb. per 
square foot. "The all- -up weight. of 14,500 Ib. comprises 
a bare weight of 10,510 Ib., a fuel and lubricant load 
of 2,052 Ib. and 72 Ib., respectively, and a serviee load 
of 1,866 lb. The machine is fitted with a Rolls-Royce 
Griffon engine, arranged to drive a six-blade, contra- 
rotating Rotol airscrew, the latter eliminating the 
effects of engine torque and changes in directional trim 
due to the slipstream. The engine is arranged for 
water-methanol injection and at take-off develops 
2,500 brake horse-power. The maximum speed of the 
aircraft, at 95 per cent. normal all-up weight, is 
260 miles an hour at an altitude of 11,800 ft., this 
figure falling to 234 miles an hour at sea level. The 
rate of climb at sea level is 1,430 ft. per minute and at 
an altitude of 14,300 ft., is 1,140 ft. per minute. At 
an altitude of 2, 000 ft. and an average cruising s 
of 131 miles an. hour, the range in still air is 875 miles; 
when fitted with the two drop tanks, however, the range 
under the same conditions is increased to 1,230. miles. 
The stelling speed at a landing weight of 12,720 Ib. is 
59. miles an hour with engine off and 54 miles an heur 
with engine on, The landing weight. of 12,720 lb. 
includes sufficient. fuel for one. hour’s cruising, 
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Another interesting amphibian, also exhibited for the 
first time, was the Sealand, constructed by Messrs. Short 
Brothers and. Harland, Limited, Queens Island, Belfast. 
In contrast to the Seagull, however, the Sealand is a civil 
machine designed for charter work and service on feeder 
lines. The machine isillustrated in Fig. 15, on this page, 
from which it will be seen that it is a twin-engine high- 
wing monoplane. It is of all-metal construction and the 
passenger cabin can be arranged to from five to 
eight, passengers. The hull planing bottom is of the 
usual V formation and is built round a series of pressed 
frames, the top edges of which are turned over to receive 
the flooring. The frames are secured in their relative 
positions by channel-section longitudinal members which 
pass between the frames and the skin. In accordance 
with usual practice, the wing is in three parts ;, namely, 
a centre section and two outboard sections. Both the 
leading and the trailing edges of the two outboard sections 
taper towards the tips while the centre:section, to which 
the engines are fitted, is rectangular in plan. 

The unde’ has a track of 10 ft. and i arranged 
to retract into the hull sides immediately forward. 
underneath the leading, edge of the wing. Each leg | from 

prises hich constitutes the 
aizchamber, a steelsliding tube which is.attached 


directly 
to the axle, and @ forged: Duralumia outer cylinder, | 





“ SzaqutL”’ AmPuipran; Messrs, Vickgers-ARMsTRONGS LIMITED. 
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“ Smatanp” Ampureran; Messrs. SHort Broraers anD Harianp, Liwrrep 


The outer cylinder is mounted near its upper end on 
two. parallel radius links which swing during retraction 
about two hinges located inside the hull, the cylinder 
and the radius links forming a parallelogram when 
viewed. from the front.. When the undercarriage is down, 
the parallelogram is braced by the pneumatic retraction 
jack which is locked internally and forms a part of the 
undercarriage structure. The incorporates 
a device for preventing inadvertent retraction once the 
legs are extended, The Sealand is. designed primarily 
as an amphibian but the undercarriage can be removed 
if required and the machine operated. as a flying boat ; 
by. so doing, the payload: cam be increased by 624 Ib. 
Alternativ Ly, the machine can be supplied as a. flying 
boat only, in which case the payload is increased by 
1,000 Ib. when operating with full tanks. 
The passenger cabin is divided into fore and aft com- 
_ Poss a0 ype amen is the sides of 


and mol wy Capac the two ph nana 
ond | being, sthed by @ central gangway. As will be seen 
illustration, 


the large windows are 
provided whieh, ee eee a 
passengers: unrestricted ‘vision. Extra seats can be 


installed up to a maximum of eight and, if tequired, a 
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Fic. 16. Type 171, Marx II Hexicoprer ; 








Bristot AEROPLANE Company, Limrrep. 
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toilet can be fitted as an addition to the five-seat version, 
or at the sacrifice of a seat in the larger version. Aft of 
the cabin is a luggage compartment, access to which is 
gained through a door in the rear of the cabin; the 
luggage compartment also houses the aircraft accumu- 
lators and the ground supply socket. Considerable care 
has been taken over the ventilating and heating system 
for the passenger cabin, the actual arrangement incor- 
porating three separate systems. Fresh air enters 
through inlets located in the leading edge of each wing 
and is distributed through ducts to small individually- 
controlled louvres on the hull side, there being a separate 


louvre at each passenger seat and in the cockpit. The: 


heating system consists of a heater unit fitted to each 
engine exhaust manifold through which the air 
to a mixing valve controlled by the pilot. Delivery 
aCe pe! mah ee ape floor in each cabin, so that a 
supply of air at the required temperature can 
circulate through the aircraft. The waste air is ex- 
tracted through grilles fitted to a central duct which 
extends along the top of the aircraft, two cowls situated 
on top of the hull providing the necessary suction. 
The T.K.S. de-icing system can be fitted if required. 
When fitted, the fluid is stored in a tank in the baggage 
compartment and is fed to the aerofoils by an electrically- 
operated pump; also an automatic ice-detector relay 
can be installed which renders the entirely auto- 
matic. The aircraft can be supplied with complete 
de-icing equipment, with only the pipe lines and tanks 
fitted, or without any provision for de-icing at all, the 
choice being left to the operator as the weight of the 
equipment reduces the payload by 150 lb. In order to 
teduce maintenance time to a minimum, the flying and 
engine controls are arranged so that access can be 
to them by the removal of exterior panels. The 
controls are located in the duct along the roof of the 
cabin, an arrangement which ensures their Mage Bom 
tained at an even temperature during flight. fuel 
tanks are carried in the wings, the total fuel capacity 
being 120 galions. ; 





Rotor ASSEMBLY OF Bristot Type 171, Marx II HeEtLicoprer. 


The Sealand is fitted with two de Havilland Gipsy 
Queen engines, each of which develops 345 brake horse- 
power at take off. The engines are arranged to drive 
de Havilland constant-speed reversible-pitch three-blade 
airscrews having a diameter of 8 ft. 3 in. The aircraft 
has a length of 42 ft. 2 in., a span of 59 ft. and a wing 
area of 353 sq. ft. The maximum beam of the hull is 
5 ft. 3 in. and the maximum depth 8 ft.6in. When on 
land, the ground clearance at the main step is 8$ in. 
and at the wing-tip floats, 3 ft.4in. At an altitude of 
5,200 ft. and at maximum power, the aircraft has a 
maximum speed of 200 miles an hour, while the maximum 
economic cruising speed is. 181 miles an hour at an 
altitade of 7,800 ft. When carrying 120 gallons of fuel 
and 994 Ib. of freight the range is 765 miles at 127 miles 
an hour, this figure falling to 587 miles at 172 miles an 
hour. With 54 gallons of fuel and a payload of 1,400 Ib., 
equivalent to seven passengers and their baggage, the 
range is 385 miles at 127 miles an hour and 287 miles at 
172 miles an hour. The rate of climbis 880 ft. per minute 
at sea level and 810 ft. per minute at an altitude of 
10,000 ft., the service ceiling being 21,600 ft. The 
take-off distance from water is 550 yards and from land, 
430 yards, these figures referring to an all-up weight of 
9,100 lb. The landing speed is approxi ly 76 miles 
an hour. 

The development of helicopters has now reached an 
advanced stage and several machines of this type were 
being exhibited. One of these, the Bristol 171, Mark ii, 
is illustrated in Fig. 16, on this page, where it is shown 
with the rotor blades in the folded position. The 
Bristol Type 171 is a four-to-five seat machine, designed 
for operation as a civil air taxi or for military duties 
such as observation, reconnaissance, rescue work, etc. 
The aircraft has a single lifting rotor, the torque of 
which is counterbalanced by a tail rotorset in the vertical 
plane. The fuselage comprises the cabin which 

tes. the pilot and passengers, an engine 
compartment immediately behind the cabin and directly 
below the lifting fotor, and a tail fuselage which 


rar 


rts the torque pensating retor and houses the 
fuel tank and luggage compartment. The power unit 
is a single Alvis “‘ Leonides ” radial air-cooled engine 
de ing 550 brake horse-power, which has been 
designed specifically for helicopter operation. The 
aircraft is supported by a tricycle undercarriage of 
conventional appearance and, with the exception of the 
rotor blades, is of metal construction throughout ; the 
blades ate of wooden construction, but metal blades are 
in the course of development. 

The centre fuselage is of tubular-steel construction 
and carries the main-rotor gearbox, the engine mounting, 
the cabin and the tail fuselage. In order to facilitate 
inspection of the various components, it is covered by 
detachable panels of light alloy. The tail fuselage is 
of light-alloy monocoque construction, and comprises 
an invermediate section attached to the centre —_ 
a knee piece to which is fitted a flexible tail skid for 
protection of the tail rotor, and an upwardly-inclined 
tail section. The shape of the tail fuselage has been 
determined by main-rotor clearance on the one hand and 
ground clearance for the tail rotor on the other. The 
centre fuselage is supported by a fixed tricycle-type 
undercarriage consisting of a forward castoring nose- 
wheel and two rear wheels aft of the centre of gravity 
of the machine. Pneumatic-type shock-absorber legs 
are fitted to the two main-wheel units and an oleo- 
pneumatic type leg to the nose wheel, a cable-operated 
hand brake being provided for parking and ground- 
running of the engine. 

The main rotor has a diameter of 47 ft. and comprises 
three blades of wooden construction. Each blade 
consists of a wooden leading edge with spruce ribs and 
a plywood covering, this form of construction giving a 
stiff blade and at the same time enabling thin sections to 
be used at the blade tip and thus avoid compressibility 
josses at the high tip-speeds encountered in forward 
flight. A number of steel plates are interleaved with 
the laminations at the root of the wooden portion of 
each blade and these provide a light but strong root 
fitting for attaching the blade to the tubular stub-blade 
root. The blades are mounted on tie rods which take 
the centrifugal force. directly, but are exceptionally 
flexible in torsion so that the blade bearings merely 
locate the blade-on its mounting and carry journal 
Joads only. Each blade is secured to the aircraft by 
two bolts which pass through the steel plates referred 
to previously, and the removal of one of these bolts 
enables the blade to be folded for purposes of parking. 
In Fig. 16, the blades are shown in the folded position, 
in which condition the overall width of the machine 
is only 10 ft. The blades are articulated in both the 
flapping and drag planes, but rubber buffers are inter- 
posed n the blades to restrain movement in 
the dragging plane. Stops are provided to limit the 
droop of the blades under static conditions, but the 
stops are arranged so that downward flap of individual 
blades during flight can exceed the static droop; 
furthermore, it is impossible for the blades to make 
contact with the stops during flight. 

The blade levers are connected through ball joints 
to the arms of a control spider centrally disposed in 
the rotor assembly; the spider and its attendant 
linkage is illustrated in Fig. 17, on this page. The 
control spider is carried by taper-roller bearings on & 
control axle which, in turn, is mounted universally 
within the control piston. The control piston is moved 
up and down by the collective-pitch control lever 
situated in the pilot’s cockpit, movement of the piston 
giving corresponding movement of the control axle 
and spider. This movement, in turn, is transmitted 
to the blades through the linkage referred to previously, 
the result being that the pitch of all three rotor blades 
is changed collectively. On the other hand, ifthe control 
axle is tilted in any given direction about its universal 
joint, the pitch of the three blades will be changed 
cyclically, the pitch being at a minimum at the point 
where the spider arms are lowest and at a maximum at 
the point diametrically opposite. Cyclic-pitch con- 
trol is effected by a control column situated in the 
pilot’s cockpit and in the position usually occupied 
by the joystick while the collective-pitch control lever 
is located between the two front seats. 

The three blades of the tail rotor are of similar 
construction to the main rotor blades, but are fitted 
to the metal blade roots in the same manner as wooden 
propeller blades. The blade roots are provided with 
rigid levers having ball joints which are connected 
through short rods to a pitch-control spider. Thespider 
rotates with the rotor and axial movement is governed 
by a thread and nut mechanism operated by a sprocket 
wheel and chain which, in turn, is connected by cables 
to the pedals in the pilot’s cockpit. The tail-rotor 
gearbox contains a spiral-bevel reduction unit giving 
a reduction of 1 to 1-6, the maximum speed of the 
tail rotor, as a consequence, being 1,320 r.pm. The 

rbox is of light-alloy construction and splash 
lubrication is employed. 

As previously mentioned, the helicopter is fitted 
with an Alvis ‘“-Leonides ” ‘ine. The unit is 
installed with the axis of the crankshaft in the vertical 
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plane and the complete unit, including a fireproof 
cowling, is gy tps by a flexible mounting. The 
orankshaft is fitted with a single-plate centrifugal 
clutch which engages at 1,000 r.p.m., the clutch casing 
providing a hub for the cooling-fan blades. The 
engine-speed control is connected to the rotor-pitch 
lever in the cockpit so that the power output is con- 
trolled automatically by the rotor-pitch setting ; power 
requirements, however, are not a function of rotor 
pitch alone and a further adjustment of engine power 
is provided by a twist-grip control on the handle of the 
pitch lever. Cooling air for the engine enters through 
a grille in front of the main rotor hub and is discharged 
through an outlet below the engine compartment. 

The drive is transferred from the clutch to the rotor 
gearbox through a vertical shaft. The gearbox is 
situated just below the rotor hub and contains two 
sets of reduction gears which give an overall reduction 
of 11-15 to 1-0. Straight spur gears are employed and 
the main wheel, which is fitted to the rotor hub, is 
supported by a steel axle attached directly to the 
aircraft structure, the remaining gears being supported 
by the gearbox. This arrangement has been adopted 
to ensure that deformation due to rotor forces does not 
affect the gearbox and, therefore, the meshing of the 
gears. A small spiral-bevel one incorporated in the 
gearbox provides the drive for the tail rotor. This 
drive comprises two steel tubes supported by a number 
of bearings fitted to the bulkheads of the tail fuselage. 
Plain journal bearings are employed, the axial location 
of the drive being determined at the knee-piece of the 
fuselage, two universal joints being provided at this 
point to ensure constant angular velocity of the drive. 

During the design of the Type 171, Mark II heli- 
copter, particular care was paid to considerations of 
long life and safety. The design of all moving parts 
is based on an estimated minimum life of 7,500 flying 
hours, while vibration due to dissymmetry in the rotor 
disc has been avoided to a large extent by using a high 
rotor speed. The unusually high operating speed of 
the rotor also has a distinct bearing on the emergency 
landing qualities ofthe machine. In the event of engine 
failure, the usual procedure for landing a helicopter is 
to set the rotor at the auto-rotative pitch and carry out 
a gliding “‘autogiro” landing. On most helicopters, 
however, should engine failure occur when hovering at 
a low altitude, a heavy landing generally is inevitable. 
On the 171, however, the kinetic energy retained by 
the rotor assembly is sufficient to enable a normal 
landing to be carried out even in such circumstances. 
Furthermore, this kinetic energy acts as an additional 
safeguard during auto-rotative descents, since it can 
be used in controlling the speed of the final approach 
and touch down. Other safety features of the machine 
include an automatic fire-extinguishing system and the 
provision of crash-proof bag-type fuel tanks. 

The T 171, Mark II helicopter has an overall 
length of 60 ft. with the rotors at extreme positions, 
and an overall width of 41 ft. with one blade in the 
fore-and-aft position, while the height to the top of 
the main-rotor hub is 9 ft. 6 in. The wheel track is 
9 ft. and the wheelbase 8 ft. 6 in. The aircraft has 
an all-up weight of 5,200 lb., and with four passengers 
and 150 Ib. of , the range at a speed of 100 miles 
an hour is 300 miles. Alternatively, with two passen- 
gers and 100 lb. of baggage, the range at 100 miles an 
hour is 620 miles. 

There were, of course, many more aircraft on view 
than it has been possible to describe here, and it should 
be emphasised that those described have been selected 
not because they are considered better than their 
contemporaries, but mainly because they have not been 
described previously in Enoinggerinc. The same 
remarks apply to the static exhibition, which was of a 
very high order. Lack of space, however, prevents a 
detailed description of the exhibits from being given. 





BRITISH MoToR-CYCLE AND CYCLE ExXPoRTS.— 
Exports of British motor-cycles and bicycles were valued 
at 8,311,9301. during the first six months of the present 
year. This figure, we understand, is seven times that 
for the corresponding period of 1938. 


THE LATE Mr. E. 8S. BRADLEY.—We note with regret 
the death of Mr. Ernest Stanley Bradley, M.B.E., 
A.M.1.C.E., which occurred suddenly at York on Septem- 
ber 16, 1948. Mr. Bradley was district engineer, 
Newcastle-upon-Tyne, in the North Eastern Region of 
British Railways. He commenced his railway training 
in the district engineer’s office at Bishop Auckland, North 
Eastern Railway, where he was made chief draughtaman 
in 1924. In 1928, he was appointed assistant district 
engineer at Darlington, where he was responsible for the 
construction and lay-out of the new district engineer’s 
permanent-way shops, and for experimental work on, 
and the construction of, the central permanent-way 
reclamation depot. Mr. Bradley became district engineer, 
Hull, in May, 1939, where he was made a M.B.E. for his 
service during the air raids on that city. He subsequently 
held a similar post at York, and finally at Newcastle. 


BOOKS RECEIVED. 


Commonwealth of Australia. Twenty-First Annual Report 
of the Council for Scientific and Industrial Research for 
the Year Ended 30th June, 1947. L. F. Johnston, 
Commonwealth Government Printer, Canberra, Austra- 
lia. [Price 6s.] 

Quantities. A Guide to the Measurement and Valuation 
of Building and Engineering Works. Originally compiled 


Twelfth edition, rewritten and 
enlarged, by ALBERT E. BaYuis. B. T. Batsford, 
Limited, 15, North Audley-street, Mayfair, London, 
W.1. [Price 30s. net.] 

Principles and Methods of Telemetering. By PERRY A. 
BoRDEN and GusTAVE M. THYNELL. Reinho!d 
Publishing Corporation, 330, West 42nd-street, New 
York 18, U.S.A. [Price 4-50 dols.) Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 27s. net.] 

Industrial Electronics Reference Book. By electronics 
engineers of the Westinghouse Electric Corporation. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 7-50 dols.] 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 45s. net.] 

Fundamentals of Vibration Study. By R. G. MANLEY. 
Second edition, revised. Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 15s. net.] 

Science in Britain Series. The Royal Institution. By 
THOMAS MARTIN. Revised edition. Published for the 
British Council, 3, Hanover-street, London, W.1, by 
Longmans, Green and Company, Limited, 6 and 7, 

ord-street, London, W.1. [Price 1s. 6d. net.] 
and Cost Estimating of All Types of Merchant and 
Passenger Ships. By ALEXANDER KaAkRI. Fifth 

, edition, revised. The Technical Press, Limited, Glou- 

/*R céster-road, Kingston Hill, Surrey. [Price 50s. net.] 

Phe~ Preséntation of Technical Information. By Pro- 
FESSOR R. O. Kapp. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 6s. net.] 

Power from the Wind. By PALMER COsSSLETT PUTNAM. 
D. Van Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York 3, U.S.A. [Price 6 dols.] Macmillan 
and Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 33s. net.] 

Electro-Plating and Anodising. Covering Gold, Silver, 
Nickel, Copper, Chromium, Cadmium, Tin, Lead and 
Zine Plating. General Editor: E. Mortitoy. Fourth 
edition. George Newnes, Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
7s. 6d. net.) 

The Novice’s Workshop. Part I. By Ian BRADLEY 
and NorRMAN Hatiows. Percival Marshall and 
Company, Limited, 23, Great Queen-street, London, 
W.C.2. [Price 3s. 6d. net.] 

Gas Turbines and Their Problems. By HAYNE CONSTANT. 
Todd Publishing Group, Limited, 49, Park-lane, 
London, W.1; and George G. Harrap and Company, 
Limited, 182, High Holborn, London, W.C.1. [Price 
7s. 6d. net.) 

“* Machinery’s”’ Yellow Back Series. No. 23. Powder 
Metallurgy in Practice. No. 24. Press Die Design and 
Construction. Part I. No. 24a. Press Die Design and 
Construction. Part II. Machinery Publishing Com- 
pany, Limited, National House, West-street, Brighton 1. 
[Price 3s. 6d. each.] 

** Mechanical World’’ Monographs. No. 47. Asbestos: 
Its Preparation and Application. By A. E. WILLIAMS. 
Emmott and Company, Limited, 31, King-street 
West, Manchester, 3. [Price 2s. 6d. net.) 

The College of Aeronautics, Cranfield. Report No. 15. 
On a Theory of Sandwich Constructi By W. 8. 
Hemp. Report No. 16. On Some Problems of 
Unsteady Supersonic Aerofoil Theory. By A. ROBINSON. 
Report No. 17. The Relative Accuracy of Quadrature 
Formula of the Cotes’ Closed Type. By Dr. S. KIrKBY. 
The Librarian, The College of Aeronautics, Cranfield, 
Buckinghamshire. [Strictly limited issue: copies 
free to approved firms, Institutions and official bodies.] 

Two Sides or One Team? By D.C..Burcess. London 
Master Builders’ Association, 47, Bedford-square, 
London, W.C.1. [Price 1s. net.] 

The Manchester Public Libraries. Annual Report of the 
Committee, 1947-1948. City Librarian, Central Library, 
St. Peter’s-square, Manchester, 2. [Free to approved 
applicants.] 

United States Coast and Geodetic Survey. Special Publica- 
tion No. 237. Manual of Geodetic Astronomy. Deter- 
mination of Longitude, Latitude and Azimuth. By 
COMMANDER ALBERT J. HOSKINSON and J. A. DUERK- 
SEN. Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
1 dol.] 

Die Verbr A Volume 9. Die Steuerung 
der Verbr gskraft hi By Dr. TECHN. INa. 
A. PISCHINGER. Springer-Verlag, Mélkerbastei 5, 
Vienna 1, Austria. [Price 70s.] 

Theoretical Structural Metallurgy. By Dr. A. H. COTTRELL. 
Edward Arnold and Company, 41 and 43, Maddox- 
street, London, W.1. [Price 21s. net.] 
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by PROFESSOR BANISTER FLETCHER and HERBERT} 
PHILLIPS 





PERSONAL. 


LrrvT.-GENERAL Sir W. G. LINDSELL, G.B.E., K.C.i2., 
D.S.0., M.C., who has been a director of Petrochemic:ls 
Limited for the past two years, has been elected chair. 
of the board in place of Mr. H. Stuart EBBEN, O.1).)2, 
The latter has been chairman of Manchester Oil Refine :y, 
‘Limited, since the inception of the firm in 1958 aid 
retains his seat on the board of Petrochemicals Limited, 

Masor GENERAL Sm LESLIE WILLIAMs, K.B.E., C.!)., 
M.C., has relinquished the: post of general manag:r, 
Rootes Limited, sales and service headquarters, Lii- 
broke Hall, Kensington, to take up the appointment of 
export director of the firm at Devonshire House, Pic: ;- 
dilly, London, W.1, to assist Mr. J, G. CHALDECOTT, the 
export managing director. Mr. G, W. Rossirer is 
succeeding Sir Leslie Williams as general manager at 
Ladbroke Hall. 


Mr. S. F. Buancn has resigned his position as general 
manager of British Light Steel Pressings, Limited, owing 
to ill health. He is continuing as a director of the com- 
pany and of Sunbeam Talbot Limited. Mr. Blanch’s 
successor as director and general manager of British 
Light Steel Pressings, Limited, is Mr. G. F. SHRIGLEY. 

Mr. G. C. I. GARDINER, lately chief designer of de 
Havilland Propellers, Limited, has been appointed chief 
engineer of the company. This will enable him to devote 
more time to future engineering trends in propeller 
design. The design and development departments have 
been combined and Mr. D. B. RUSSELL bas been appointed 
chief designer. Mr. C. C. WriLIaMs has been appointed 
works manager in charge of all works personnel. 


Mr. W. E. Cooper has been appointed assistant 
managing director (commercial), Mr. F. J. ROBINSON, 
assistant managing director (production), Mr. G. Drina, 
research and development director, and Mr. C. C. Last 
and Mr. G. W. Hopps, joint general managers of Bakelite 
Limited, 12, Hobart-place, London, S.W.1. 

Mr. W. A. CURRAN, general manager of the light-cast- 
ings department of Messrs. Newton, Chambers and Com- 
pany, Limited, Thorncliffe, near Sheffield, has resigned 
in order to take up engineering and found 
work. His successor as general manager of the light- 
castings department is Mr. F. H. Hour. 

Mr. ALAN R. Davies has been appointed West of 
England agent for the sale of the compressed -air products 
of the Atlas Diesel Company, Limited, Beresford-avenue, 
Wembley, Middlesex. 

Mr. H. H. SPENCER, honorary secretary, Cromptonian 
Association, Astor House, Aldwych, London, W.C.2., is 
anxious to be notified regarding any change in the address 
or circumstances of members during the past year. 

Messrs. MACROME LIMITED, Aldersley, Wolverhamp- 
ton, have appointed PRoGRESS MACHINERY LIMITED, 4, 
Lower Kevin-street, Dublin, as their agents in Eire, 


Itation 








CONTRACTS. 


THe NorTH BRITISH LOCOMOTIVE COMPANY, LIMITED, 
Springburn, Glasgow, have received an order from the 
Victoria Railways, Australia, for the construction, during 
1950, of fifty 2-8-2 freight locomotives, with double-bogie 
tenders, at a cost of 1,000,0001. The locomotives will 
be designated ‘‘ N ”’ class and will run in the first instance 
on 5 ft. 3 in. gauge track, but they will be designed for 
conversion, at a later date, to 4 ft. 84 in. gauge. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, bave been 
awarded a contract for a 5,000-line aut tic teleph 
exchange to be supplied to Singapore. The company 
have also received an order from the Electricity Commis- 
sion of Victoria, Australia, for the supply of power-line 
carrier telephone equipment. This equipment will pro- 
vide a direct communication system over the 66-kV 
network and will thus enable the head office at Melbourne 
to exercise complete control. Six telegraph channels on 
each speech circuit provide facilities for remote tele- 
metering. 

Messrs. LEYLAND Motors, LIMITED, Leyland, Lanca- 
shire, are to supply 300 vehicles of various types to the 
Argentine, through their agents, Messrs. A. G. PRUDEN 
AND CoMPANY, Buenos Aires. The vehicles include heavy- 
duty 125-h.p. four-wheel and six-wheel chassis, and 
75-h.p. Comet lorries and tractor chassis. A number of 
the vehicles will be furnished with articulated or semi- 
articulated trailers. These, it is understood, will be 
built by Messrs. R. A. DYSON AND COMPANY, LIMITED. 


Messrs. THE ASSOCIATED EQUIPMENT COMPANY, 
LuwiTrED, Southall, Middlesex, have received an order 
for 112 “‘ Regent” Mark III double-deck vehicles from 
the Nottingham City Transport Undertaking. This is 
the third repeat order for these vebicles, this undertaking 
having previously ordered.71 machines of the same type. 
Another large order for ‘“‘ Regent ’’ Mark III vehicles 
has been received from the City of Oxford Motor Services, 
Limited ; in this case the order is for 48 vehicles. This 
follows a contract for 20 similar machines placed in 1947. 
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NOTES FROM THE NORTH. 
GLascow, w, Wednesday. ‘ 


Scottish Steel.—After an unusual spate of mechanical 
troubles, production has been restored to a normal basis 
and outputs have risen again to a high level. Mr. 
George Strauss, Minister of Supply, stated in Glasgow 
last week that production in Scotland at present was 
about 2,200,000 tons a year. The raw-maférials position 
during the past two or three weeks has given cause for‘ 
satisfaction. Continental scrap continues to arrive 
regularly, and improved deliveries have been reaching 
the steelworks from shipbreaking yards, industrial 
works, and outlying districts; good reserve stocks are 
being laid down. Pig-iron production has also been 
maintained, and the raw-materials position at the blast 
furnaces has been satisfactory, with the qualification 
that more coke is needed to enable the furnaces to operate 
at full capacity. Re-rolling is still suffering from an 
acute shortage of billets, slabs, and sheet bars, and 
little relief can be expected for some time, notwithstand- 
ing the tonnage of semies to be imported from the 
Continent. Period 4 export tonnages have already been 
allocated partly, and notifications of allocations for all 
branches of the industry are expected to be made soon. 
It is apparent that bi-lateral agreement tonnages are to 
play an increasing part in the export trade, and a high 
proportion of the tonnage so far released in Scotland, for 
the final quarter, is represented by “ designated ’’ orders. 

Scottish Coal.—Speaking at a Press conference in 
Glasgow last week, Mr. Alfred Robens, Parliamentary 
Secretary to the Ministry of Fuel and Power, gave an 
assurance that there would be no coal shortage problem 
for industry this winter. In Scotland, the current fue 
position in industry would tend to confirm his statement, 
stocks on hand at most works being equal to several 
weeks’ consumption. Meantime, production at the pits 
is gradually improving. The improvement bas facilitated 
distribution, and most consumers have been receiving 
satisfactory deliveries against allocations. Supplies at 
the coke-ovens are recovering slowly after the post- 
holiday shortag », but reserves require further strengthen- 
ing. Deep-mined round coal has been rather short 
of requirements, but railway needs have been adequately 
met and the house-coal market satisfactorily supplied. 
Export tonnages are being regularly stemmed in accor- 


.dance with the programme, the bulk of the cargocs being 


dispatched to Eire, Finland, Sweden, and Denmark. 
When shipments are resumed to France next month, 
Scotland is expected to participate to the extent of some 
12,000 tons a month. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

Welsh Coal Trade.—In order to step up production, 
about 480 men at ‘the Nantewlaeth Colliery in the 
Cymmer (Port Talbot) Valley have been transferred to 
three neighbouring collieries. As a result of this con- 
centration of the available labour force it was expected 
that the output of 8,500 tons a week from four mines 
would be stepped up to 9,700 tons from the remaining 
three. At a meeting of the South Wales Mineworkers’ 
Executive Committee at which this was reported last 
week it was added that similar concentrations were to be 
made in other areas. Output has continued to increase 
following the end of the holiday season at the South Wales 
mines. In the week ended’ September 4, the collieries 
in the coalfield produced 432,194 tons from a total labour 
force of 108,405. Provisional figures placed the output 
for the week ended September 11 at 439,100 tons. This 
increase {n the quantity of coal avuilable has eased the 
pressure upon operators on the Welsh steam-coal market. 
There his been the usual seasonal expansion in demand 
from inland sources and productions have moved off 
steadily. In addition, South American users have been 
making heavy calls, and trade with Argentina has been 
well maintained. Portuguese buyers, too, have been 
showing an active interest. Because of difficulties over 
payments, however, the Spanish trade has been reduced 
to very modest dimensions, and indications are that the 
Italian trade will remain quiet. It is expected that 
shipments during this month will amount to only a few 
cargoes. There is no sign of any resumption in deliveries 
to France yet, though this is expected soon. Bunkers 
were in sustained request, and cokes and patent fuels 
were only sparingly available to meet a keen demand. 

Swansea Steel-Sheet Indusiry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the tin-plate industry was fully employed 
in meeting makers’ commitments for the current quarter 
and that users were beginning to place their requirements 
for the fourth quarter of the year. There was some 
improvement in the export market and the number of 
orders booked slightly increased. Steel sheets continue 
to meet with astrong demand and makers are unable fully 
to satisfy the pressure for deliveries. There is no relaxa- 
tien in the urgent demand for scrap iron and steel. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Users of high-carbon steels are waiting 
tor results from the new scheme to provide larger supplies. 
It is understood that it will take some months to meet the 
demand which has been in excess of the supply for 18 
months. All steel and engineering works are busily 
employed and are now better placed for coal supplies 
than a year ago. Some notable economies in coal con- 
sumption have been achieved at leading works without 
Capital expenditure but other firms have ineurred 
expenditure between 4,0007. and 6,0007. and have been 
able to reduce coal consumption very materially. In 
the heavy steel and engineering industries a large pro- 
portion of the output is on export account. Home 
demand is strong, but has to give way to export needs. 
Manufacturers of cement-making plant and machinery 
have considerable export business on hand, as also ha 
makers of new steels and equipment for oil wells. - 
sive arreays have to be dealt with in colliery-engineering 
works and in steelworks supplying steel arches and props. 
The demand for railway materials will provide work for 
many months. 

South Yorkshire Coal Trade.—Coal production is getting 
into its stride again. Heavier calls are being made to 
meet expanding export trade through the Humber ports, 
and there is also a larger coastwise business with London 
and Southern destinations. Bunkering coal is in increas- 
ing request. With finer weather it has been possible to 
increase production at some of the opencast sites which 
had been affected by flooding. Gas and coking coal are 
in greater demand. More gas coke is available; hard- 
coke production is being maintained and is quickly 
disposed of. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Tees-side iron and steel plants 
are kept running at high pressure, but the exceptionally 
heavy tonnage outputs are considerably chort of home 
and overseas customers’ urgent needs. Efforts are 
being made to enlarge production still further. The fuel 
situation is hardly as unsatisfactory as was considered 
likely, but the demand for larger deliveries of coal and 
coke is intense. The output of the Cleveland ironstone 
mines is improving, but is still much below requirements. 
Some additions to stocks of pig iron and scrap have 
been made, but these are still below normal and the need 
for larger blast-furnace outputs is more urgent than ever. 
Makers of certain Tees-side products still have substantial 
commitments to complete this month. 

Foundry and Basic Iron.—North-Eastern foundry 
owners are greatly in need of larger quantities of pig 
iron than they are receiving. The local make of foundry 
pig is intermittent and small and supplies from other 
producing centres are on a disappointing scale. The 
acute scarcity threatens to increase and the situation 
necessitates the use of as much cast iron scrap as possible. 
Midland makers continue to supply the bulk of the pig 
being vsed at the iron foundries in the Tees-side area, 
The basic-iron output is sufficient for the requirements 
of the makers’ own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
moderate make of East-Coast hematite provides a little 
tonnage for addition to the small stocks after supplying 
the current eaenento of regular users. Outputs of 
low- and di hosphorus grades of iron are adequate 
and ample parcels of ciieed iron are sufficient to meet 
the steady demands of consumers. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron producers are steadily employed and steel 
firms are heavily sold to the end of the year. Steel 
semies are still wanted in larger quantities than are 
obtainable. Makers have too much work in hand to 
permit the acceptance of further orders at present and 
the increasing imports from the Continent are quickly 
taken up as they become available. Frequent com- 
plaints are being made that the parcels of small billets, 
sheet bars and wire rods reaching the consuming works 
are inadequate for curreut needs. Finished-steel manu- 
facturers are dealing as well as possible with their heavy 
contracts, but are unablé to meet their customers’ 
requirements in full. The heavy, demand for sheets, 








plates, rails, joists and sections continues. 





LIVERPOOL STREET CENTRAL. LINE STATION.—The 
reconstruction of the Liverpool Street Station on the 
London Transport Central Line, which was interrupted 
owing to the war, has been resumed and is expected to 
take a further two to two and a half years. The scheme 
includes a new booking-hall, subways and escalators, 
to provide better facilities for interchange between the 





Central and Metropolitan lines. 


NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the: Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, September 27, 7.30 p.m. 
Mines Department, University, Leeds. General Dis- 
cussion Meeting. South Wales Branch: Tuesday, 
September 28, 7.30 p.m., South Wales Institute of 
Engineers, Park-place, Cardiff. Inaugural meeting of 
new branch. Birmingham Branch: Friday, October 1, 
7.30 p.m., Imperial Hotel, Birmingham. Four short 
lectures by branch members. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Sep- 
tember 28, 5.30 p.m., 85, Minories, E.C.3. Presidential 
Address, by Commander Sir Robert Micklem. 

INSTITUTE OF WELDING.—Autumn Meeting. Wednes- 
day, September 29, 2.30 p.m., Institution of Civil Engi- 
neers, Great George-street, S.W.1, Discussion on Institute 
Exarilinations; 7 for 7.30 p.m., Café Royal, Regent- 
street, W.1, Dinner. Thursday, September 30, 10.30 a.m., 
2.30 p.m. and 6 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, St. James’s Park, 8.W.1, various 
papers for discussion. For programme, see page 275, 
ante. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— Wednesday, September 29, 6 p.m., Institution 
of Mechanical Engineers, Storey’s-gate, St. James’s Park, 
8.W.1. ‘“‘ Research for the Heating, Ventilating and 
Air-Conditioning Engineer,” by Mr. Cyril Tasker. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, September 29, 6.30 p.m., 
Chamber of Commerce Building, New-street, Birming- 
ham. “ Education for Management,” by Lieut.-Col. L. 
Urwick 

RoyaL AERONAUTICAL SocreTy.—Thursday, Septem- 
ber 30, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. British Commonwealth and 
Empire Lecture: ‘“ Some Economic Factors in Civil 
Aviation, with Emphasis on Civil Aircraft, and Their 
Prospective Trends of Development,” by Mr. P. G. 
Masefield. 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—WNorth- 
Eastern Branch: Thursday, September 30, 6.30 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘“‘ The Foreman in 
Industry,” by Mr. C. G. Chelioti. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Octo- 
ber 1, 6.30 p.m., 39, Victoria-street, S.W.1. Informal 
Discussion Evening. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ AuToLycous.”—Single-screw cargo vessel, carry- 
ing 12 passengers, built by Messrs. Vickers-Armstrongs 
Limited, Naval Yard, Walker-on-Tyne, to the order of 
Messrs. Alfred Holt and Company, Liverpool. Main 
dimensions: 450 ft. (between perpendiculars) by 62 ft. 
by 35 ft.; deadweight capacity, about 9,000 tons on a 
Joad draught of 28 ft. Eight-cylinder B. and W. Diesel 
engine of 6,800 b.h.p. developing a service speed of 
154 knots, when loaded. Launch, August 23. 

M.S. “ BRITISH ENDEAVOUR.”’—Single-screw tanker, 
to carry petroleum in bulk, built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the British Tanker Company,” 
Limited, London, E.C.2. Main dimensions: 490 ft. by 
61 ft. 9 in. by 34 ft. 1 in. to upper deck; deadweight 
capacity, about 12,250 tons. Four-cylinder Hawthorn- 
Doxford oil-engine developing 3,100 b.h.p. Launch, 
September 3. 

M.S. “ Liparvs.”—Single-screw tanker built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for the Anglo-Saxon Petroleum Company, 
Limited, London, E.C.3. Main dimensions: 425 ft. by. 
54 ft. 3.in. by 31 ft. to upper deck ; deadweight capacity, 
about 9,000 tons on a draught of 25 ft. 6in. Harland- 
B. and W. six-cylinder four-cycle Diesel engine. Trial 
trip, September 7. 

M.S. “Sr. Mawes CastLEe.”—Twin-screw passenger 
vessel built by Messrs. Philip and Son, Limited, Dart- 
mouth, for the St. Mawes Steam Tug and Passenger 
Company, Limited, Falmouth. Main dimensions: 
77 ft. 3 in. by 18 ft. by 9 ft. 6 in.; loaded draught, 
4 ft. 9 in. Two Diesel engines developing together 
240 b.h.p., and giving a speed of about 10 knots, supplied 
by Messrs. R. A. Lister and Company, Limited, Dursley, 
Gloucestershire. Launch, September 8. 

M.S...“ BRITISH MARINER.”—Single-screw tanker, built 
‘and engined by Messrs. Harland and Wolff, Limited, 
Glasgow, for the British Tanker Company, Limited, Lon- 
don, E.C.2. Main dimensions: 463 ft. (between per- 
pendiculars) by 61 ft. 6 in. by 34 ft.; deadweight 
capacity, about 12,280 tons. Six-cylinder single-acting 





Harland-B. and W. Diesel engine. Launch, September 16. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
Telegraphic. Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““‘ ENGINEERING,” Ltd. 

should be crossed “‘ The National Provincial 

Bank, Limited, Charing Cross Branch.” Post Office 
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THE CRYSTALLINE STATE. 

In his presidential address to Section A of the 
British Association, Sir Lawrence Bragg reviewed 
recent advances in the study of the crystalline state 
and his remarks with some interesting 
details of his own pioneer contributions. At the out- 
set, he paid a personal tribute to the inspiration of 
C. T. R. Wilson’s teaching at the Cavendish Labora- 
tory and to the stimulating influence of a small and 
informal society formed in Trinity to discuss scien- 
tific papers. The Cambridge Physics courses in 
the years immediately preceding the first world war 
did not aim to include everything and did allow the 
student some opportunity to follow his own bent. 
Most Honours Physics courses to-day are so con- 
scientiously and comprehensively planned as to 
absorb all his energies. 

During the past 35 years, the investigation of 
atomic structure with the aid of X-rays has been 
one of the most actively pursued and consistently 
prolific of all branches of physics. The crystalline 
state is universal and is not confined simply to 
solids; nearly every solid substance exhibits a 
crystal structure and approximates in varying 
degrees to crystal perfection. The constituent ele- 
ments in a crystal—the atoms or atom groups—are 
located round the nodes of a three-dimensional 
lattice, and it so happens that the intervals separat- 
ing them are comparable with the wavelengths of 
X-rays. Laue’s realisation that these atoms could 
act as scattering centres for an X-ray beam led him, 
in 1912, to suggest that the effect of their regular 
distribution and appropriate spacing would be to 
concentrate the scattered radiation by interference 
along certain definite directions. Laue’s prediction 
was verified experimentally by Friedrich and Knip- 
ping by directing the beam from an ordinary X-ray 


® | tube on a crystal of zinc blende. The diffracted 


beams, intercepted by a photographic plate set 
normal to the incident beam, were recorded as a 
pattern of spots, revealing evidence of the sym- 


metry characterising the crystal. The import of 
this momentous discovery was quickly grasped by 





Sir William Bragg and his son, and led to a collabora- 


and Sir Lawrence Bragg introduced a fundamental 
simplification with his law of reflection at lattice 
planes. From the interaction between radiation 
and crystal, information concerning both was 
derived. Methods were devised for measuring the 
wavelengths of monochromatic X-rays and for 
deducing the arrangement and distribution of the 
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minute crystals to be dealt with and has proved so 
generally useful that it is now used industrially for 
purposes of chemical identification. The resulting 
powder photographs are classified by listing the 
interplanar spacings and the relative densities of 
the lines. The procedure is largely empirical and 
depends on the availability of an extensive collection 
of comparison data derived from powder photo- 
graphs of standard pure substances. 

The progress of crystal analysis can best be gauged 
by the increasing complexity of the structures that 


305 | have been elucidated recently. On the experi- 


mental side, techniques have been so perfected that 
the taking of the photographs and the measuring up 
and indexing of the recorded patterns has become a 
routine matter. Not so their interpretation, how- 
ever, so that, in Sir Lawrence’s words, “in an 
X-ray laboratory one finds a deserted room full of 
apparatus in which the photographs are taking 
themselves and a series of annexes in which absorbed 
workers are wrestling with masses of observations 
and calculations.” The inherent difficulty of such 
work is that it is seldom possible to deduce the struc- 
ture directly from the observations ; recourse must 
be had to a process of trial and error, and only 
against a background of long and varied experience 
and after a spell of intense and sustained concen- 
tration, is success likely to be achieved. The expert 
has to guess at a likely structure, calculate how it 
would diffract, and compare it with the observed 
diffraction patterns. Certain guiding principles 
have emerged, but each new structure presents a fresh 
problem and its interpretation is an art. Once the 
general scheme is discovered, the final adjustments 
are comparatively straightforward, and once a 
solution is obtained there can be no doubt as to its 
essential correctness. Moreover, the solution of a 
key structure may supply the clue to a whole range 
of further structures. Sir Lawrence supported his 
claim that “our country has almost a monopoly of 
this art in its highest form” by reference to Mrs. 
Hodgkin’s analysis of penicillin, G. A. Jeffrey's 
analysis of geranylamine hydrochloride, and the 
solution of a sucrose compound by C. A. Beevers 
and W. Cochran. 

He further pointed out that any rational explana- 
tion of the ies of matter in bulk, and in 
particular of the host of new materials made avail- 
able by science to industry, must be based upon an 
accurate and precise knowledge of their atomic 
architecture. X-ray analysis has profoundly in- 
fluenced chemistry, mineralogy, metallurgy and 
biology ; and, while it has often confirmed results 
obtained by workers with the methods peculiar to 
these fields, it has sometimes modified them con- 
siderably. Not only has it provided means accu- 
rately to locate the atoms in a chemical compound, 
but it has also afforded an insight into the forces 
binding them together. Bond lengths and valency 
angles are under investigation at present in Professor 
J. M. Robertson’s laboratory at Glasgow, Professor 
E. G. Cox’s laboratory at Leeds, and elsewhere. 
Dr. F. A. Bannister, at the British Museum of 
Natural History, is carrying out a systematic 
examination of a wide range of minerals with the 
object of improving their identification and classifi- 
cation, while W. H. Taylor is studying feldspar and 
G. W. Brindley, clay minerals. 

To metallurgy, X-ray analysis has made vital 
contributions. A pure metal is a relatively simple 
structure in which the positive metal atoms are 





surrounded by a negative electron cloud. The 
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absence of bonds explains their ductility ; the fact 
that metal atoms are chemically similar and can 
be substituted one for another—provided that there 
is no marked disparity in their sizes—explains the 
prevalence of alloys varying widely in composition. 
In typical metallic compounds, there are no mole- 
cules in the chemical sense and no precise com- 
bining proportions. Alloy chemistry, according to 
Sir Lawrence, had no rational basis until struc- 
tures began to be determined by X-rays. Early 
work on alloy phases, carried out by Westgren, in 
Sweden, and G. V. Raynor, at Birmingham, is 
engaged in investigating the occurrence and structure 
of intermediate phases in alloys in an endeavour to 
formulate a comprehensive theory of alloys per- 
mitting quantitative predictions of the results of 
mixing metals together. Many cases are known 
where two metals are completely miscible over a 
wide range of temperatures at high temperatures, 
but where, at lower temperatures, there may be a 
tendency for like atoms to separate as widely as is 
feasible, which leads to the order-disorder trans- 
formation studied by Dr. A. J. Bradley and Dr. 
Charles Sykes. On the other hand, there may be a 
tendency for like atoms to congregate as closely as 
is permissible, which may lead to an equilibrium 
state consisting of two separate phases in each of 
which one or other type of atom predominates. 
If, however, the temperature is lowered too rapidly, 
the atoms tend to segregate so as to modulate the 
lattice and corrugate the crystal planes in a more 
or less regular manner. These metastable states 
are of immense technological importance because 
they can be correlated with certain physical pro- 
perties as typified in age-hardening and permanent- 
magnet alloys. Another important practical appli- 
cation of X-rays is to the investigation of internal 
stresses in metals. Test pieces have been designed 
to enable back-reflection photographs to be taken 
while they are subjected to known stresses. Assum- 
ing no permanent deformation to occur, the presence 
of stress is revealed by a change in the interatomic 
distances. The resulting variations in lattice 
dimensions afford a measure of the elastic strain 
from which the corresponding stress can be inferred. 
Though lattice deformation within the crystal 
grains is primarily responsible for the observed 
broadening in the lines on the X-ray photographs, 
line broadening also results from the breakdown 
of the crystal grains into crystallites and some 
doubt exists as to the relative significance of these 
two effects. 


In biology, the attack on protein and virus 
structures, begun by Professor J. D. Bernal, is being 
continued by M. F. Perutz and Professor W. T. 
Astbury. The giant protein molecules may contain 
thousands of atoms and just fall within the limit 
of resolution of the electron microscope. Even to 
Sir Lawrence, their complete analysis seems a well- 
nigh impossible feat. It serves, however, to illustrate 
@ general trend in science. In the early stages of 
the exploitation of any new discovery, results are 
relatively easy to come by; gradually, however, 
the law of diminishing returns begins to operate. 
Results become progressively more difficult to 
secure. The preparation needed to bring the 
research worker to the frontier of his subject 
and the training he must undergo before acquiring 
such mastery of its technique as will qualify him 
to contribute personally to its advancement, 
become increasingly arduous. The meagreness of 
the anticipated return in relation to the effort 
expended has been responsible for the almost 
complete abandonment of certain branches of 
classical physics. Sir Lawrence Bragg’s survey 
shows that the triumphant progress of X-ray 
analysis is still far from spent; in fact, a large 
part of his address served as a general introduction 
to a series of papers in which significant advances 
in crystal analysis were reported before this year’s 
meeting of Section A. 

Although the idea that inaugurated X-ray analysis 
originated elsewhere, this country has played a 
leading part in its subsequent development. Sir 
Lawrence can be justly proud that practically all of 
the active British centres of X-ray analysis, aca- 
demic and industrial alike, have sprung from the 
schools founded by him in Manchester and by his 
father at the Royal Institution. 





BOOK REVIEWS. 


In the course of a paper entitled ‘‘ Methods of 
Selecting Scientific and Technical Books for General 
Libraries,” read at the 11th annual conference of 
Aslib, held in 1934, Mr. J. E. Walker, of the Hendon 
Public Library, stated that, in selecting current 
books, publishers’ announcements and reviews were 
utilised. He named various scieutific and technical 
periodicals which were consulted and continued 
“‘all branches of engineering are covered by 
ENGINEERING. The reviews in the last-named are 
models of their kind, dealing with all the points 
upon which the non-specialist librarian needs 
guidance. They explain the purpose of the book, 
awarding praise or blame impartially, exposing the 
author if his claims are exaggerated, and mentioning 
the kind of student to whom the book will appeal.” 
The subject of book reviews was again dealt with 
by Aslib at the 23rd annual conference, held at 
Ashorne Hill, near Leamington Spa, from Septem- 
ber 17 to 19, though this compliment was not 
repeated ; perhaps that would have been too much 
to expect. 

The matter was the subject of three papers, two 
contributed by users of reviews and one by an 
editor responsible for their production. The former 
may be referred to first. The paper presented by 
Mr. R. L. Collison, Reference Librarian, West- 
minster, was essentially concerned with the same 
subject as the earlier contribution by Mr. Walker. 
It was entitled “‘ Book Reviews and the Librarian,” 
and its leading theme was that reviews in general 
appeared so long after the publication of books 
that, in these days of small printings, a librarian 
would probably find that, if he waited to read reviews, 
he would find books were unobtainable when he had 
decided to purchase them. He gave a list of the 
dates of publication and of review, in. various 
scientific journals, of seven books, exhibiting delays 
of from three to nine months before the review 
appeared. ENGINEERING did not appear in the list, 
so that any sins which we may have committed 
in this respect were not exposed. Seven is a small 
number on the strength of which to draw up a 
general indictment, especially when there is some 
doubt about the reliability of the list. The first 
book quoted is Scale Models in Hydraulic Engineer- 
ing, of which the publishing date is given as Septem- 
ber, 1947, and the date of review, in The Common- 
wealth Engineer, as March, 1948. No doubt these 
dates are correct, but this book was reviewed in 
ENGINEERING on November 14, 1947. No attempt 
has been made to check other items in the list, which 
clearly cannot be taken at its face value, but in 
general terms it must be admitted that reviews 
are frequently delayed for longer than is desirable. 
The main reason is the same as that which 
causes publishers to issue small editions, namely, 
shortage of paper. 

Mr. Collison appeared to recognise this and 
suggested various remedial measures. One which 
is not likely to be received with enthusiasm, at 
least by the engineering Press, is that technical 
journals should co-operate and divide the field of 
‘“‘ minor ”’ publications between them. In practice, 
this presumably would mean that all minor books 
on electric motors should be dealt with by only one 
electrical journal and. minor books on switchgear 
only by another. This proposal appears to illustrate 
the unwarranted assumption that books are re- 
viewed mainly for the benefit of librarians. This 
is not the case. A librarian may consult a dozen 
electrical journals; the average user does nothing 
of the kind, and naturally expects the journal which 
he buys to cover the whole field within its interest. 
He may consult two or three in a reading room, 
but has neither time nor facility for a general survey 
of the electrical Press. 

A second suggestion by Mr. Collison was that 
“all technical journals should agree on the standard 
desirable contents of a review,” and that “‘ they 
should agree to restrict the size of all reviews to 
the minimum which will contain these points.” 
Possibly in a regimented world editors may some 
day have a standard length of book review dictated 
by some interfering Ministry, but in the meantime 
they are not likely to impose such a hampering 
condition on themselves. The “standard desirable 
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contents ” are defined as what the book is about; 
the standard of knowledge demanded from the 
reader; an appraisement of the experience and 
qualifications of the author ; the scope of the book 
and what tables, formule, bibliographies, direc. 
tories, glossaries, etc., it contains; the size of the 
book and whether it is illustrated and contains an 
index. Finally, an opinion is required on whet!icr 
the book achieves what it sets out to do and whethier 
it is worth buying and for what purpose. It is 
stated that most of these details can be given 
adequately in abbreviated form. 

No competent reviewer is likely to be influenced 
by a rigid schedule of this kind. Again it represe:its 
a librarian’s point of view. It is obviously a con- 
venience to a librarian to know the size of a book, 
as he has to find shelf room for it, but to the average 
user the matter is of no great importance. Even 
from the librarian’s point of view, some of the 
requirements seem likely merely to increase the 
length of the review to no purpose. In drawing 
up his schedule, Mr. Collison apparently had engi- 
neering books in mind, since, of the list of seven 
already referred to, five are on engineering subjects. 
How a reviewer is going to explain what formule 
Scale Models in Hydraulic Engineering contains is 
not clear, and it is still less clear who would benefit 
when he had done so. Again, how is a reviewer to 
appraise the experience and qualifications of an 
author of whom he has never heard?; and why 
should he? He is concerned with praising or. 
condemning a book, not an individual. 

To prepare a review of a technical, or any other, 
book is a literary task, and the form and manner 
in which it is carried out will depend on the nature 
of the work being dealt with. A rigid list of require- 
ments would merely hamper a proper appraisement. 
Those who review for ENGINEERING are certainly 
not restricted to a standard method of presentation, 
but it would appear from Mr. Walker’s tribute that 
the results are satisfactory, even to some librarians. 
Technical books can only be reviewed properly by 
experts in the subjects concerned, and as in some 
highly specialised fields such individuals are limited 
in number, it may not be easy to find one who is 
prepared to undertake the task; and even when 
found, the expert, probably a busy man, is not 
likely immediately to drop his other activities to 
concentrate on writing a review. In connection 
with the matter of undue delay raised by Mr. 
Collison, it is of interest to note that Mr. R. Bright- 
man, of Imperial Chemical Industries, stated, in 
his paper on “The Reviewitg of Scientific and 
Technical Books: Some First Principles from the 
Point of View of the Reader,” that for a scientific 
or technical book he “ would rather wait for an 
authoritative review before deciding to purchase.” 
This does not suggest that he finds himself unable to 
buy books after reviews have appeared. 

Mr. Brightman, incidentally, referred to “‘ reviews 
signed by eminent scientists, which are almost 
purely a vehicle for the reviewer's ideas on a certain 
theme and tell the reader next to nothing about the 
book.” This raises the question of anonymity, 
which will do much to remove the temptation to 
this kind of thing. This matter was essentially the 
sole subject of the third paper, which was contri- 
buted by Dr. Hugh A. Clegg, editor of the British 
Medical Journal, and was entitled ‘“‘The Art and 
Technique of Book Reviewing.” If we may say 50, 
Dr. Clegg was rather non-committal. He is in 
favour of signed reviews, but almost made it appear 
that his reason for this is that most journals 
have now adopted the practice. He confined his 
attention to the medical and general Press, and 
pointed out that the Times Literary Supplement is 
almost the only representative of the contrary 
practice. He referred to attacks made on authors 
by rivals or enemies in unsigned reviews, but this 
sort of thing is not a condemnation of .a system ; 
it is a condemnation of an individual editor. The 
kind of contribution referred to by Mr. Brightman 
largely arises from asking “ eminent scientists ” to 
review books when they have neither the time nor 
the inclination. The composition, or dictation, of a 
sort of general essay on the subject concerned is 4 
simpler task. The system of publishing signed 
reviews tends to give more weight to the name of 
the reviewer than to the quality of the review. 
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NOTES. 


BIoLoGy aNnD Civi ENGINEERING. 

Ta Conference on Biology and Civil Engineering, 
which was arranged by the Institution of Civil 
Engineers was opened on the morning of September 
21 by the Rt. Hon. Herbert Morrison, M.P., Lord 
President of the Council, and was continued at the 
Institution during that and the two following days. 
The programme of papers was listed at length on 
page 274, ante. Mr. Morrison, in his opening 
address, after referring to the successful Colonial 
Conference of Civil Engineers recently held at the 
Institution, commented that such conferences were 
of considerable value, in that they promoted better 
understanding between the peoples of the world, 
apart from their function of emphasising the common 
nature of the world’s problems. There was at the 
present time, he continued, a greater awareness than 
in the past of the danger of over-specialisation and 
of the need to co-ordinate the several branches of 
scientific knowledge ; as Sir Henry Tizard had said 
in his address to the British Association (reprinted 
on page 256, ante, and also in this issue on page 
306), what was needed primarily was the prac- 
tical application of existing scientific knowledge. 
The first stage was that the results of research 
must be put into effect more quickly in the fac- 
tories, the mines and the countryside. The 
Conference on Biology and Civil Engineering repre- 
sented the next stage, perhaps equally important ; 
namely, the application of knowledge in one field of 
scientific endeavour to practical work in another 
field. He noted with pleaeure that the programme 
included papers on experience in other countries, 
notaLiy the Netherlands and the United States, 
and that the Department of Scientific and Industrial 
Research was making a direct contribution in the 
papers which were to be read by members of the 
staffs of the Building Research Station and the 
Road Research Laboratory. Following Mr. Mor- 
rison’s address, Mr. W. L. Newnham, M.I.C.E., and 
Mr. A. J. Healy, M.Agr.S., respectively, presented 
papers on ‘‘ Soil Erosion and Soil Conservation in 
New Zealand” and ‘ Biology and its Relation to 
Soil Erosion and Soil Conservation.” These 
indicated a condition in New Zealand which appears 
to be considerably more serious than is generally 
appreciated, surveys in the North Island indicating 
that approximately 60 per cent. of its area was sub- 
ject to erosion, while, in the South Island, of the 
areas surveyed, four-fifths of the grazing land was 
significantly eroded, with less than 90 per cent. of 
the top soil remaining. One third of this grazing 
land had lost from 25 to 50 per cent. of its original 
top soil and one quarter of the area had lost more 
than 50 per cent. Energetic steps were being taken 
to control the erosion under the direction of a Central 
Council which co-ordinated the work of various 
Government departments and of the local Catch- 
ment Boards. 


THE ORGANISATION OF ELECTRICAL MEETINGS. 

The question of how the meetings held for the 
reading and discussion of papers can best be 
organised is discussed in the August issue of the 
Journal of the Institution of Electrical Engineers. 
It is pointed out that up to the present the subject- 
matter of a paper, rather than its treatment, has 
decided whether it should be read at an ordinary 
meeting or before one of the specialised sections 
which-deal, respectively, with installations, measure- 
ments, transmission and radio. The effect of this 
arrangement, however, has been that, as the number 
of sections has increased, so the field from which 
papers for reading at ordinary meetings are derived 
has been reduced. To overcome this. disability, the 
Council have therefore placed upon the committees 
of the four specialised sections the duty of providing, 
from the papers falling within their scope, at least 
one paper in each session the contents of which are 
sufficiently general for it to be suitable for reading 
at an ordinary meeting. All papers, whether read 
at an ordinary or a sectional meeting, will, however, 
rank equally for consideration for both sectional and 
Institution premiums. A further alteration, of 
which mention is made, is that papers which do 
not fall within the scope of a specialised section and 
which, in addition, owing to their specialist approach, 


are not suitable for. reading at an ordinary meeting 
will be presented at a new category of meetings, 
which will be known as extra meetings. i 

meetings will continue to be held on the Thursdays 
on which the Council meets ; and the President of 
the Institution will usually preside. The meetings 
of the specialised sections will also be held as usual 
on the customary days, with the section chairmen 
presiding, while the extra meetings will take place 
on the Thursdays not appointed for meetings of the 
Council, and at these the chair may be taken by 
one of the vice-presidents. We understand that 
this revised plan will operate during the session 
which Opens on Thursday, October 7. 
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THE CAVENDISH LABORATORY. _} aa 

The twenty-sixth Autumn Lecture of the Institute 
of Metals was delivered by Professor Sir Lawrence 
Bragg, O.B.E., M.C., F.R.S., on the evening of 
September 16, the third day of the recent autumn 
meeting of the Institute in Cambridge. Sir Law- 
rence, who had chosen as his subject “The Caven- 
dish Laboratory,” opened with a reference to the 
remarkable manner in which the number of students 
in all schools of physics had grown since pre-war 
days. Thus the number of students in the final 
Honours class at Cambridge, which used to be 
about 40, was now 120, and the research workers, 
who used to number from 30 to 40, had now reached 
the truly considerable total of 163. This large 
increase in numbers had necessitated the division 
of the students into a number of groups, each 
under a leader. These groups were concerned, 
respectively, with nuclear investigations, radio 
work, low-temperature physics, crystallography, 
metal physics, and mathematical physics ; while a 
further group dealt with miscellaneous questions. 
Each group had its own staff and workshop, but a 
main workshop served all sections of the Laboratory. 
In this, work requiring special skill and particular 
tools was carried out. It had also been found 
convenient to have a “special techniques ” work- 
shop, in charge of a member of the staff, in which 
the most highly-skilled and delicate work of special 
types was conducted. This included constructing, 
evacuating and sealing special thermionic devices, 
making special metal-to-glass and metal-to-silica 
joints, and preparing thin-metal films by evapora- 
tion. Another centre, also in charge of a member 
of the staff, constructed and maintained electronic 
equipment. The Laboratory possessed an electron- 
microscope installation, which was used by all 
departments of the University. The nuclear-physics 
group was the largest in the Laboratory and em- 
ployed some 40 research workers. The equipment 
included a Cyclotron and a 44-million volt generator, 
which was in course of completion. The radio 
group was engaged on work on propagation and was 
mainly concerned with the longer wavelengths 
which were reflected below the E layer. Another 
section was making measurements of the waves in 
the metre-wavelength region coming from the sun, 
recording their intensity and propagation, and 
estimating the size of the source from which they 
came. In the Mond low-temperature physics 
laboratory, work was being conducted on the pro- 
perties of super-conductors and on magnetic-cooling 
methods. By cooling a body in liquid helium in a 
strong magnetic field, exceedingly low temperatures 
could be reached. In the crystallography group, the 
arrangement of ato:us in minerals, alloys, organic 
compounds and proteins were being studied. The 
metal-physics group was concerned with problems 
of slip, plastic flow, crystal growth and other 
metallic phenomena. The mathematical physics 
group, although housed in the Cavendish Labora- 
tory, was in reality part of the Faculty of Mathe- 
matics of the University. 


PuysicaL Socrety COMPETITION FOR 
APPRENTICES. 


With the object of encouraging craftsmanship and 
draughtsmanship in the scientific instrument indus- 
try, a competition for apprentices and learners is 
held regularly in connection with the Physical 
Society’s Exhibition of Instruments and Apparatus 
which takes place annually in April. Examples of 
craftsmanship in tool-making, pattern-making, 





instrument-making, fitting, optical work or elec- 








trical work may be offered in the craftsmanship 
class of the competition, and examples of drawings 
and designs for scientific instruments or components, 
in the draughtsmanship class. A competitor may 
exhibit in one or in both classes, but may only offer 
a single example in each class. Entries are acce 

in two grades, according to the age of the competitor, 
on March 31 in the year of exhibiting the entry, 
grade a comprising competitors under 18, and grade 
b competitors over 18 but under 22 years of age. 
Each entry must embody the unaided work of the 
competitor. The employer or teaching institution 
may supply materials and provide facilities for 
machining or special operations, and the work may 
be carried out on an employer’s premises, at a 
teaching institution or at home. Entries will be 
accepted from the employees of firms, research 
associations and institutions which have exhibited 
at the Physical Society’s Exhibition at least once 
during the last three years. Entries will also be 
accepted from employees in the workshops of 
educational establishments and from students at- 
tending recognised workshop courses at technical 
teaching establishments. Four prizes, each of 51., 
and four, each of 21. 10s., are offered and, in addition, 
the Finsbury Prize, of 5 guineas, to commemorate 
the work of Professor Silvanus P. Thompson at 
the Finsbury Technical College, is provided. Entry 
forms for the competition are obtainable from the 
secretary of the Physical Society, 1, Lowther- 
gardens, Pririce Consort-road, London, 8.W.7. The 
latest date for receiving the completed forms for 
next year’s Exhibition is February 21, 1949. 


R.E. (TRANSPORTATION) SUPPLEMENTARY 
RESERVE. 


There must be many railwaymen, and others with 
suitable qualifications, who either were in the Army 
during the war or have served a period of National 
Service with the colours, and are now faced with the 
difficult problem of deciding how to maintain their 
Service connections without making too heavy 
demands on their civilian employments and private 
interests. Units of the Royal Engineers (Transporta- 
tion) Supplementary Reserve provide such men 
with a suitable opportunity. Although this supple- 
mentary reserve is to the regular transportation 
units what the Territorial Army is to the Regular 
Army, there are no drill halls or weekly parades; 
there is only a 15-day annual camp which is held at 
the Transportation Training Centre, Longmoor 
Camp, Liss, Hampshire. National Service men who 
are suitably qualified will be able to pass from service 
with the colours to six years with the R.E. (Tn.) 
Supplementary Reserve, instead of with the Terri- 
torial Army. The second annual ‘‘ Public Day ” 
was held at Longmoor on Wednesday, September 15, 
to enable the public to view the workshops, running 
shed, museum, locomotives and equipment, and 
watch demonstrations of typical transportation jobs. 
During the afternoon, General Sir William Slim, 
G.B.E., K.C.B., D.S.0., M.C., deputy chairman of 
the Railway Executive, and Honorary Colonel of the 
R.E. (Tn.) Supplementary Reserve, named an 
American-built Diesel-electric locomotive “* Tobruk,” 
at the invitation of the Commandant, Brigadier R. 
Gardiner, C.B.E. General Slim explained that the 
locomotive was the last to be used in the Western 
Desert ; it was one of those provided by the United 
States for service in North Africa, where there was 
generally insufficient water for steam engines. A 
short account of Longmoor Camp was given on page 
256 of our 164th volume. (1947) in connection with 
the first public day. The demonstrations this year 
included one of a ‘‘ ramp ”’ wagon and an exhibition 
by a diver. The ramp wagon has four wheels, 
of which two, together with the axle, guards, etc., 
are removed to allow one end of the wagon to be 
lowered to the ground; a ramp is thus formed to 
facilitate the loading of vehicles on to the ends of 
other wagons. 


Tratnmne Courses FoR ELEcTroNIc ENGINEERS. 

There is little doubt that. the increasing use of 
electronics in industry, especially in applications 
which compete with existing practices, calls not only 
for a larger number of electronically-trained special- 
ists, but also for engineers and others who have a 
basic knowledge of the subject, and who can help to 
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decide where electronic devices may be usefully 
applied. With such considerations in mind, and at 


i Limited, 
founded i in 1946 the E.M.1. Institutes, Limited. The 
principal aim of the latter is to provide instruction in 
electronic and allied subjects for students from or in 
any part of the world, whether they are already 
associated with E.M.I., Limited, or not. Elementary 
and advanced tuition is given either in corre- 
spondence courses, Or in day or evening classes, 
over periods of up to three years. The existing 
syllabuses cover examinations such as those = 
by the Institution of Electrical Engineers, the 
British Institution of Radio Engineers, and the 
City and Guilds of London Institute. The second 
year of the three-year course, which begins in April 
of each year, is spent in the E.M.I. factories at 
Hayes, and during this period, students receive 
the standard rate of pay for the work on which they 
are engaged. Although some students may be en- 
couraged to join E.M.I. Industries after the com- 
pletion of their courses, they remain perfectly free to 
accept employment elsewhere ; they have the satis- 
faction of knowing that their specialised training 
was sponsored by a leading electronic organisation, 
and the latter is assured that the training was in 
accordance with industrial needs. At present, 
E.M.I. Institutes, Limited, is housed in a large 
private house at Chiswick, London, W.4, the main 
classrooms being contained in annexes; for tele- 
eommunication enginecring alone, there are now 
about 80 whole-time day students, apart from those 
taking postal and other courses. To encourage an 
even greater interest in electronics, Electrical and 
Musical Industries, Limited, are now sponsoring two 
scholarships which are open for competition through- 
out Great Britain. One of these will cover the fees 
for a three-year attendance course in telecommunica- 
tions engineering, and the other is for a special postal 
course covering the City and Guilds final certificate 
im this subject. Further details of these can be 
obtained from the Principal of E.M.I. Institutes, 
Professor H. F. Trewman, M.A. (Cantab.), M.I.E.E., 
M.I.Mech.E., M.Brit.L.R.E., whose address is 
E.M.I. Institutes, Limited, 48, Grove Park, 
Chiswick, London, W.4. 





LETTERS TO THE EDITOR. 


PROFESSIONAL RECOGNITION OF 
ENGINEERS. 
To Tae Eprror or ENGINEERING. 

Sm,—The report of the (American) Committee 
on Professional Recognition, which you reprinted 
on page 175, ante, revives the old problem of the 
practicability of the engimeer’s attitude in his 
profession being ethical in the future instead of 
selfish as in the past and, while it is encouraging to 
find attitudes similar to those embodied in the Canon 
of Ethics for Engineers, developed by the Engineers 
Council for Professional Development, the doubt 
may arice in some minds as to whether the modern 
industrial machine will allow them to be put into 


practice. 

Mr. Fisher, in his letter on page 231, ante, while 
giving point to the old but ever-present conflict 
between the idea of rightful personal possessions 
and duty to one’s neighbour, appears to miss what 
is to me the essence of the problem. The particular 
principle quoted, as he reminds us, had its origin 
centuries before the birth of industry as we know it, 
and in circumstances where it would be possible to 
practise the principle without involving abnegation 
leading to virtual martyrdom. tee ie 
into practice to-day calls for such personal sacrifice 
that the practitioner would have attained the goal 
of perfection to which the best living Christians only 
approximate. 

For reasons other than the late Lord Stamp’s, I 
suggest that our Christian principles can be applied 
personally in industry only approximately ; and if 
they are wholly and definitely applied 
to meet the Marxian dogma quoted in the article, 
in the present-day Marxian style of unquestioned 
obedience, then the personal Christian virtue dis- 
appears or is translated to that not spiritual, but 





ghostly, entity called the “State.” This entity, 
like entropy in thermodynamics, may be.used very 
effectively and efficiently by the engineers of the said 
State; but, before accepting such an un-Christian 
way of life, we should pause to observe the price to 
be paid for mechanical efficiency divorced from the 
traditional humanities, that is, the exchange of 
human personalities for automatons, 
Yours faithfully, 
29, Carlton-avenue, 
Barrow-in-Furness, Lancs. 


G. Woon. 





LOCOMOTIVE POWER, EFFICIENCY 
AND RATING. 


To tHe Eprror oF ENGINEERING. 


Sir,—It is not clear what Mr. Opie is aiming at 
in suggesting, in his letter published in your issue 
of September 3, on page 231, that locomotive 
rating should be expressed by four numbers deter- 
mined in the way he suggests, item (2) being particu- 
larly obscure. Practical experience shows that 
neither the nominal tractive effort of a locomotive 
nor its adhesion weight is a reliable indication of its 
ability to start a heavy train, and some large 
modern types are handsomely beaten in this respect 
by smaller engines of older design. Details of 
regulator and of valve-setting have a practical 
importance that can outweigh big differences in 
capacity as estimated on elementary theoretical 
principles, and so (1) can be very misleading. 

Some explanation is needed about (3) “ the speed 
in miles per hour at which full power is developed.” 
Any ordinary locomotive can be made to develop 
full power, or something very near it, over an 
appreciable range of speed, and to select one parti- 
cular speed suggests a very academic outlook. 
Is 18 m.p.h. seriously suggested as the speed at 
which a Stirling single produced its highest power ? 
If not, what practical significance has it ? 

Item (4) “maximum safe speed permissible or 
attainable,” seems, from the figures given, to be 
a rather vague conception. I take leave to doubt 
whether 85 m.p.h. was ever attained by a Stirling 
single, or 90 m.p.h. by a G.N.R. Pacific as built in 
1922. A speed of 89 m.p.h. has been reached on 
rare occasions by G.C.R. Directors, and 92 m.p.h. 
even more rarely by L.M.S. Royal Scots as built in 
1927, but in each case only on markedly favourable 
gradients. It is important not to forget the effect 
of gravity when attempting to assess the value of 
locomotive performances. 

If it is true, as Mr. Opie states, that “ natural 
scientific laws decree that thermal efficiency increases 
with increasing pressure,’ we must conclude that 
no one has yet succeeded in enforcing those laws 
in the realm of locomotive performance. It has 
been pointed out many times in the last 50 years or 
so that very high pressures cannot be expected to 
make any worth-while improvement in the efficiency 
of the ordinary locomotive, and where they have 
been adopted, either it was for some other reason or 
the designer was subsequently disappointed. 

May I conclude by saying that while it may be 
an interesting pastime to try to decide on paper 
whether a locomotive is suitable for certain haulage 
work, the only completely convincing way is the 
old one of trying it out for a couple of months ? This 
takes into account all the practical points, which the 
theoretical investigator is apt to ignore, if he knows 
of them at all. 

Yours faithfully, 

7, Birch-grove, J. SLBE. 
Bilton, Harrogate, 

September 18, 1948. 





THE LATE Mr. E. A. J. BILHAM.—We regret to record 
the death, on September 16, 1948, of Mr. Ernest Arthur 
James Bilham, M.C., B.Sc., A.M.1.C.E., who was district 
engineer, Guide Bridge, in the Eastern Region of British 
Railways. Mr. Bilham joimed the Engineer’s Department 
of the Great Eastern Railway at Liverpool Street in 
1919. Subsequently, he served as chief assistant in the 
former L.N.E.R. Derby district; in the Engineer’s 
construction office, King’s Cross ; as chief drawing office 
assistant in the Engineer’s maintenance office at Liverpool 
Street ; and as district engineer at Leeds. He vacated 
the latter post in October, 1947, to take up his appoint- 
ment at Guide Bridge. 








THE BRITISH ASSOCIATION 
MEETING AT BRIGHTON. 


(Continued from page 281.) 
Rattway Rotimye Stock aNnp TENDENCIES ix 
Drsien. 


Tux first item on the programme for the morning 
session on Friday, September 10, was a paper by 
Mr. Q. V. S. Bulleid, Chief Mechanical Engin. 
of the Southern Region of British Railways. The 
paper, which we hope to reprint in a subsequ: nt 
issue, was illustrated by numerous lantern slicics, 
and traced the development of main-line stem 
locomotives in this country from early in the 
century to the present time. It also covered electric 
traction by lecomotives and multiple-unit trains, 
and me to Diesel-engine and gas-turbine Joco- 
motives, as well as to passenger vehicles and 


wagons. 

The delivery and explanation of the paper 
occupied nearly the whole of the time allocated, 
but at its conclusion, Wing-Commander Cave. 
Browne-Cave, who occupied the chair, thanked the 
author and suggested that the members might wish 
to ask a few questions. Mr. W. O. Skeat, asked if 
the author had considered the use of steam-jacketed 
cylinders, to which Mr. Bulleid replied in the 
negative. Dr. W. Abbot compared the riding quali- 
ties of steam and electric trains, to the detriment 
of the latter. Mr. Bulleid explained that much of 
the trouble was due to the nose-suspension motors 
employed and said that he and his colleagues were 
endeavouring to improve matters in this respect, 
The chairman inquired why it was necessary to 
mount the motor on the bogie instead of on the 
sprung part of the coach, to which the author 
replied that a nose-suspended motor with a direct 
drive to the axle was an attractive mechanical 
combina.ion, being extremely simple and cheap and 
having a very good life. Those were the reasons 
for which it was so universally adopted. Develop- 
ments, however, were towards indirect-driving 
between the motor shaft and the axle, but he felt 
that complications would be imposed, and that 
the mechanical engineer would prefer to retain the 
simple gearwheel drive. A speaker having raised 
the question of the use of rubber tyres on French 
railway vehicles, Mr. Bulleid remarked that railway 
engineers regarded the running of trains on pneu- 
matic tyres as the ultimate and perfect solution. 
It was suggested, at this point, that the tyres 
referred to were pneumatic tyres of the Michelin 
type* and the chairman pointed out that the weight 
which could be carried by the tyre was not limited 
by the tyre itself but by the width of the rail head. 
It seemed illogical that the load on a pneumatic 
tyre on a rail should be limited to something like 
27 ewt. while the tyres of a civil aircraft or a bomber 
could carry a load of several tons. 


Tue Metric System. 


A discussion on the metric system, giving the argu- 
ments for and against its universal adoption, was 
next taken, the first speaker being Dr. L. Hartshorn, 
of the National Physical Laboratory, who spoke in 
favour of the system. He was followed by Mr. P. 
Johnson, who spoke from the point of view of a 
teacher of physics and referred to the muddle 
between the units of mass and force in different 
systems. He thought that the student should be 
restricted to one set of units and that the metric 
system was the best. Dr. H. 8. Rowell, O.B.E., 
who followed, was of the opposite opinion, as also 
was Mr. Percy Good, C.B.E. We to 
reprint these fou contributions to the discussion as 
soon as possible ; that of Dr. Hartshorn will be 
found on page 307 of this issue. The others will be 
published in subsequent issues. 

After Mr. Good had completed his contribution, 
the chairman said he did not think the meeting 
would wish to vote on the matter and to send a 
resolution to the Council of the Association for 
action; but he suggested that speakers should 
take up the frame of mind of a person who might 
have to decide whether anything should be = 





* See Encinernnve, vol. 132, i (1931); see 
alse, vol. 142, page 166 (1986). 











SEPT. 24, 1948. _ 


ENGINEERING. 














305 








and, if 80, what, He felt that the criterion was the 
engineer's idea of efficiency : what would be gained 
by » change, and what would it cost to make the 
change. 

Professor E. W. Marchant expressed particular 
interest in the remarks of Mr. Good who, he said, 
might be regarded as the apostle of standardisation ; 
his point of view seemed rather strange. Referring 

to the MKS system, which was a modification of 
he old metric CGS system, he said the facts 
about it were not very well known. He did not 
think anybody would suggest that there should 
be a change from the electrical units which were now 
well established ; but the main point was that the 
MKS system was a uniform system which held for 
all the electrical units. It was based on the metre, 
the kilogramme and the second, and it gave a 
very much better unit of force than the gramme 
and the dyne. Without discussing the question of 
compulsion, he suggested that those po eyes 
for teaching science should endeavour to make clear 
the meaning of the MKS system and its great 
simplicity in application to various problems. 

Mr. A. W. Swan said that one question was 
whether the metre, etc., were good units. As one 
who had te deal with tonnages, etc., in connection 
with steel, he found that the English system was a 
nuisance to him. If we were to use our own nota- 
tion, we should use it simply, as did the Americans. 
For weights in America they used just the ton of 
2,000 Ib. and the lb. ; nothing was used in between. 
In this country he had to wrestle with hundred- 
weights and quarters. Even if we preferred our own 
units, we might think a little more about simplicity 
in their use. 

Mr. L. Oulton, the next speaker, asked whether 
the advocates of the decimal system proposed to 
divide the right-angle into 100 grades, to which 
Dr. Rowell replied that the centesimal division of 
the right-angle was not a part of the metric system. 

Dr. Hartshorn emphasised that the meeting was 
discussing the metric system as a logical system, 
and when he had said that it was used all over the 
world he had meant this. Mr. Good had admitted 
that it was used in this country, we knew it was used 
in America, and it was certainly used all over the 
civilised world. 

Professor C. B. Fawcett said that on French large- 
séale maps, similar to our Ordnance Survey maps, 
the centesimal division of the right-angle had been 
used for 40 years. So far as he was aware, however, 
it had not been used in other surveys. His objection 
was simply that the centesimal division of the right- 
angle would involve the re-caleulation of the 
trigonometrical tables. 

In concluding the discussion, Wing Commander 
Cave-Browne-Cave said he did not think the 
difficulty of teaching, from the students’ point of 
view, should be the factor which decided the type 
or system of units to be used for any purpose. One 
of the objects of teaching was to enable students to 
think and to face up to the problems they would 
have to meet. Recalling his early experience in 
trying to clear up a confusion of mind among naval 
cadets when at sea in a cruiser, he said that in such 
circumstances they were not in the best state of 
mental agility ; it was necessary to develop schemes 
which could be used successfully when the cadets 


British Railways, Southern Region, and to see there 
some of the items referred to in Mr. Bulleid’s paper. 
The works, whieh adjoin Brighton railway station, 
have an area of nine acres and employ a total 
staff of about 750 persons. At the work 
undertaken includes the construction of Battle 
of Britain and Leader class locomotives, as well 
as the production of various details of the Merchant 
Navy class engines, which are now being built 
at Eastleigh. Engine repairs are also carried 
out at the Brighton Works. Items of interest 
in the boiler shop were a 90-ton hydraulic riveter 
working on a locomotive boiler barrel, a furnace 
fired with creosote pitch, and an all-welded firebox, 
while in the erecting shop a Leader class engine 
was seen under construction and one of the Battle 
of Britain class was shown mounted on the valve- 
setting rollers. It should be mentioned that the 
right-hand cylinder cover of this engine had been 
removed to enable the action of the sleeve valve 
used for steam distribution to be seen. The sleeve 
valve, we understand, has been fitted on this engine 
as an experiment prior to its adoption for the 
Leader class engines. The engine shown had 
run for 16,874 miles with the sleeve valve in service. 
A recently completed Battle of Britain class engine 
was shown together with the works pilot engine, 
built in 1878, the two, of course, forming a striking 
contrast. The visitors also inspected the tool 
room, machine shop and fitting shop and, in the 
last-mentioned shop, were able to see an interesting 
display of motion details. In the light-plating 
shop, tender tanks, smokeboxes and boiler casings 
were seen under construction; and welding work 
was being carried out on cylinders and stretchers for 
Leader class engines in the welding shop. Welding, 
of course, is extensively employed throughout 
the works and a Victor X-ray plant is provided 
for examining the welds. In the south yard, where 
the members assembled after visiting the shops, 
a new carriage for steam trains was on view. Access 
to the compartments is afforded by three transverse 
vestibules, one at each end and one in the centre. 
The body is of timber to which mild-steel panels 
are attached. Also on view in the yard were a 
17-ton mineral wagon of new design and a 16-ton 
mineral wagon of the existing design. The former 
has been designed mainly to reduce the cost of 
construction and to effect a saving in the weight 
of steel employed. The saving in weight amounts to 
1 ton 2 cwt., and this permits the carrying capacity 
of the wagon to be increased by 1 ton. Finally, the 
members were entertained to tea in the works can- 
teen, where the President of the Section, Wing- 
Commander Cave-Browne-Cave, thanked Mr. Bul- 
leid, and the members of his staff who had acted as 
guides, for what they had done to make the visit 
both interesting and instructive. 

In the evening of the same day, members of the 
Association were invited to a reception given by 
the Mayor and Mayoress of Brighton, Councillor and 
Mrs. P. F. Friend-James, at the Corn Exchange. 
The reception, which was followed by dancing and 
a concert, was well attended. 


(To be continued.) 





Courses IN PHOTO-ELASTICITY.—Two courses in 


were cold and perhaps hungry. A teacher had to } photo-elasticity will be held at University College London, 


enable students to use, and to caleulate with, the 
system of units employed, and the correct way in 
which,to do that was to insist that, when writing 
down @ quantity, its numerical value and the units 
in which it was expressed should both be given. 
The conclusion might. be reached that for certain 
cases the metric system was most convenient and 
in other eases the British system was the best. 
Whether or not a system should be used for a parti- 
cular purpose, however, was governed by a number 
of factors, and it would be most unwise to say that 


the present system must be changed. Having 


different systems and units for different purposes | 


seemed to be the right thing. He thought we were 
very well off with our present, systems, and that 
there was no- reason for change. 

BrigHTon Rattway Works. 


In, the afternoon. of. :Friday,. September 10, 


members ofthe Seetion, by courtesy of Mr. Bulleid, | 


were able to visit the Brighton Railway Werks: of 





Gower-street, London, W.C.1, during the 1948-9 session. 
Course A, on the theory and practice of photo-elasticity, 
will consist of 28 lectures and 10 laboratory periods ; 


‘and a short course B, on the principles and methods of 


photo-elasticity, will comprise 10 lecture periods which 
will probably be held on both Friday mornings, 
mencing Qectober 8, and Thursday evenings. Further 
particulars can be obtained from Col. H. T. Jessop, of 
the photo-elasticity laboratory of the College. 





Tne STapimiry OF LARGE ELECTIC CABLE SYSTEMS : 
ERRATUM.—We regret that in the abridgment of the 
paper by Messrs. A. J. Gibbons and E. B. Powell, on 
“The Stability of Large Electric Cable Systems,’ which 
appeared on page 165 of our issue of August 13, the 
‘formula in the first paragraph of the third column, owing 
to a priuter’s error, was reproduced as 





§ =*\/M* +2 ML + Ltan 0. 
The correct expression is S =4/M* + 2ML + L tan @. 


It should also have been stated that the stability margin |: 
M and the machine load- IL are to be expressed on a 





per unit basis. 


com- | effects in single 





THE INSTITUTE OF 
METALS. 


Tue fortieth annual autumn meeting of the 
Institute of Metals which was held last week at 
Cambridge, opened at 6.30 p.m. on Tuesday, 
September 14, with a service in the Church of St. 
Edward, King and Martyr, when the sermon was 
preached by the Rev. Canon C. E. Raven, D.D., the 
Vice-Chancellor of the University. After this, a 
conversazione was held at the Old Schools, King’s 
Parade, at which there was a display of scientific 
and technical books and an exhibition of scientific 
apparatus and instruments. On the following 
morning, Wednesday, September 15, the members 
assembled at the Arts School, Bene’t-street, the 
President, Sir Arthur Smout, occupying the chair, 
and a cordial welcome was extended to the Institute 
by His Worship the Mayor of Cambridge (Councillor 
G. F. Hickson, M.A.). In the course of his speech, 
he referred to the fact that the town of Cambridge 
was much older than the University and that it 
had been first mentioned in the Anglo-Sazon 
Chronicle. The first Charter had been granted to it 
by King John in 1207. In reply to the Mayor's 
welcome, Sir Arthur Smout stated that whereas, 
in the past, the Institute had held its autumn 
meetings in industrial centres, at home or overseas, 
this year it was breaking fresh ground in holding 
the meeting in an academic centre. The earliest 
historical records contained accounts of metallurgical 
developments, and the progress of the art had greatly 
affected our everyday life and had left its mark on 
our civilisation. In the past, many developments 
had been due to the intuition of individual investi- 
gators, but, in the future, metals would be built 
up having pre-determined, controlled properties, 
from fundamental knowledge, in much the same way 
as organic compounds were built up. At this stage 
of the proceedings the secretary announced that, 
as required by the Articles of Association, the 
following officers would retire from the Council 
at the annual general meeting in March, 1949: 
as President, Sir Arthur Smout ; as vice-presidents, 
Professor G. Wesley Austin and Mr. W. F. Brazener ; 
and as members of Council, Major C. J. P. Ball, 
D.8.0., Dr. L. B. Pfeil, and Dr. C. J. Smithells, M.C. 
To fill these vacancies the Council had nominated 
as President, Sir Arthur Smout, as vice-presidente, 
Major C. J. P. Ball and Dr. C. J. Smithells, and as 
members of Council, Mr. E. A. Bolton, Mr. C. H. 
Davy and Dr. A. G. Quarrel. 


Micro-Harpness Testinec oF Merats. 


The first paper considered was on the subject of 
the “‘ Micro-Hardness Testing of Metals,” and was 
by Mr. E. Wilfred Taylor, C.B.E., joint managing 
director of Messrs. Cooke, Troughton and Simms, 
Limited, York. The paper, which contained a 
description of a new micro-hardness tester and gave 
examples of tests variously applied to small selected 
areas, will be found on page 261, ante. 
Professor H. O’ Neill, in opening the discussion, said 
that in addition to eight foreign instruments, namely, 
the Bierbaum, Knoop (Tukon), Lips, Woxen, 
Bergsman, Eberbach, Zeiss-Hanemann and Girschig, 
we had now evidence of the production of a British 
hardness micro-tester. Such instruments appeared’ 
to be of academic and industrial value for studying 
brittle and hard substances; thin substances like 
foils, electrodeposits and coatings; various con- 
stituents in a microstructure, and orientation 
- Some of the author’s 
illustrations showed that the pyramid indentations 
did not appear as in plan and he would 
probably agree that the indenting system was not 
quite axial. It was also stated in the paper that the 
lower indenting loads must: not be removed by 
reversing the slow-motion mechanism and the 
operator was instructed, instead, to pull a chain. 
That did not sound too good, and the author should 
be encouraged to put the finishing touches to the 
mechanism and provide a British machine that was 
second to none. The preparation of the specimens 


emer oe problems concerning this type 


of testing, and further work was now being done to 


‘try to clear up some of the unusual features con- 





nected with micro-hardness determinations. 
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Mr. L. Rotherham considered that micro-hardness 
testing was a highly specialised procedure and 
should not be regarded as an addition to ordinary 
hardness testing, but as a technique in its own right. 
Continuing, he said that the author had referred to 
stainless steel and the ordinary cutlery type was 
one of the most difficult materials to polish. It was 
almost impossible to polish it without some softening 
of the surface layers. The effect of softening of 
the surface layers seemed to be rather more pro- 
nounced when dealing: with the softer than when 
employing the harder grades of material. For 
example, with fully-tempered material having a 
hardness of about 200 Brinell, it could hardly be 
polished at all if softening of the surface layers 
were to be avoided. The next speaker, Dr. W. 
Hume-Rothery, F.R.S., stated that hardness was 
a profoundly unsatisfactory quantity to deal with. 
It was possible to have two age-hardened specimens 
and find, if using one indentation instrument, that 
one specimen would be harder than the other, while, 
if using another instrument, the order would be 
reversed. If hardness were defined as resistance to 
indentation and a square indenter were used, the 
result would have to take into account the 
orientation of the indenter relative to the crystal 
axes. |The author’s conclusion with regard to his 
Fig. 9 (see page 262, ante) was somewhat doubtful. 
This illustration showed the results of a careful 
experiment in which he had made a series of inden- 
tations in one crystal, carefully rotating the indenter 
between each indentation. There appeared a 
series of indentations of different sizes and the 
author had said that that particular crystal varied 
in hardness. It might well be that the hardness 
was the same and that the effect was simply due to 
orientation. 

Dr. T. B. Crow stated that a fascinating appli- 
cation of the new apparatus was in connection with 
the routine hardness testing of cold-rolled metals 
of exceptional thinness, of the order of from 0-006 in. 
downwards, as a production-control measure. More- 
over, the existence or non-existence of what was 
popularly called skin hardness in cold-rolled metal 
might be established. There were two specific 
points in the paper which called for an answer. In 
the first place, the author had given the hardness of 
pearlite in grey cast iron as 212, and that of ferrite 
as 266. Perhaps the values had been accidentally 
exchanged in the printing of the paper. Secondly, 
the author’s Fig. 9 (see page 262, ante) had been 
described as phosphor-bronze (percentage composi- 
tion: tin, 4-5 to 6; phosphorus, 0-02 to 0-40; 
lead, 0-02 maximum; copper, remainder). The 
metal might be assumed to be an « bronze unless 
its duplex nature were due to the alloy being in 
the as-cast state. In that case, however, a hardness 
of 80-90 would be expected, and this was con- 
siderably below the figure given by the author. 

Dr. J. C. Chaston, who spoke next, said that he waS 
somewhat doubtful whether great skill was not 
required to avoid inertia effects, when putting 
on a light load by raising the microscope motion, 
as was done in the present machine. In the American 
Tukon machine, developed with the aid of the 
Bureau of Standards, inertia effects had been mani- 
fest in the earlier machines. A special solenoid 
device had been put in later and this was claimed to 
overcome the difficulty. This was a matter concern- 
ing which the user would want a great deal of 
reassurance and much careful experimental work 
inight have to be conducted before it could be 
finally settled that the machine was free from 
inertia. A second source of trouble which might 
give rise to difficulties was vibration. A third 
defect observed in American machines was a slight 
rocking of the indenter as the load was put on. 
In this connection, it was interesting to note that 
in Figs. 2 and 3 of the paper (see page 261, ante), 
there was a lack of symmetry which was absent 
from the other illustrations in the paper. He 
wondered whether there might have been some dis- 
placement of the diamond in these cases compared 
with the others. The difficulty of making an 
accurate diamond might be the governing factor 
in the choice of the indenter in future, rather than, 
as had been the case in the past, the ease of 
measuring the impression. Experimental work on 


tion of the specimens. The author had given 
examples of polished and etched specimens, and, in 
micro-hardness testing, it might be advisable to 
employ electro-polished ot etched specimens and 
not. mechanically-polished specimens at all. One 
of the author’s specimens was described as a hard- 
rolled brass, but its structure seemed to indicate 
that it had been annealed. 

Dr. H. K. Hardy said that the particular problem 
confronting him was the determination of the hard- 
ness of very small components made from hypo- 
dermic tubing. Much had been said concerning 
the effect of different crystal orientations on the 
hardness values, but the absolute reproducibility of 
micro-hardness values, when carried out with the 
same relative orientation, had not been given much 
attention. Anything which could be done to 
increase reproducibility would be very welcome to 
those who wanted only to take a few impressions 
in a limited period of time. 

Mr. Taylor, in reply, referred first to Fig. 9 (page 
262, ante) and said that he should perhaps have 
been more cautious, and, instead of stating that the 
area was not of uniform hardness, he ought to 
have said that the figures derived were not uniform. 
It was quite certain, however, that when the 
diamond indenter was used on these crystal forms, 
the orientation of the crystal and the crystal 
lattice exercised an influence, and impressions having 
concave or convex boundaries were obtained. 
In fact, instead of getting an impression which was 
square in plan, it might, in certain circumstances, 
become almost circular. With some materials it 
was possible to have a beautiful ripple effect around 
the diamond impression. With regard to the hard- 
ness of ferrite and pearlite, he could only say that 
in attempting to measure the hardness of pearlite 
the plates of the structure seemed to shatter and it 
appeared that little more than another measurement 
of the ferrite hardness was being taken. Professor 
O’Neill did not like pulling the chain. There was 
really no need to do this; the fine motion of the 
instrument was very perfect in its action and one 
could reverse the diamond without hesitation. 
It must be borne in mind, however, that one did 
not know on what machine the micro-hardness 
tester would be used and it was therefore necessary 
to make some provision for faulty slow-motion 
mechanisms. In the first indenter made the speci- 
men had been carried on very delicate springs 
which seemed to be most beautifully responsive, 
but, eventually, these had been abandoned for a 
gravity system, and, at once, the results had shown 
much greater consistency. The specimen in Fig. 3 
of the paper (see page 261, ante) had been polished 
mechanically using cerium oxide as the polishing 
medium. In answer to Dr. Crow, there would be no 
difficulty whatever in dealing with cold-rolled metal 
strip of 0-006 in. thickness downwards. For 
instance, the plating shown on Fig. 14 (page 263, 
ante) was only about 0-005 in. thick. Vibration 
could be very troublesome. Reference had been 
made to Fig. 2 (page 261, ante); at that time a 
“knock” had developed in a water pipe some 
distance from the machine. It was intermittent 
and an endeavour had been made to avoid it, but 
it had, in fact, caused disturbance when the impres- 
sions had been made. There was no doubt, there- 
fore, that the instrument should be on a very good 
foundation and that vibration should be avoided 
at all costs. The possible rocking of the indenter 
had been mentioned. It should have been explained, 
perhaps, that two diamonds were used and in one 
of them the diamond had not been perfectly ground 
with relation to its axis. The impressions in 
Figs. 2, 13 and 15 (pages 261 and 263, ante) were 
made with this diamond. Most of the other 
impressions were made with a second and more 
perfect diamond subsequently obtained. There 
was no doubt that where very light loads were 
involved, the etching process was safer than a 
mechanical polish. Doubt had been thrown on 
whether one of the specimens illustrated was really 
hard-rolled brass and the only answer which could 
be given was that. it had been purchased as hard- 
rolled brass. A number of specimens of hypodermic 
tube had been tested for hardness and no difficulty 





micro-hardness testing necessitated careful prepara- 


had been experienced in determining this property. 
(To be continued.) 
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THE PASSING WORLD.* 


By Sm Henry Tizarp, K.C.B., F.R.S. 
(Concluded from page 257.) 


Tr is a mistake to suppose that science advance 
rapidly in a war, Certain branches of science » 
receive a special stimulus, but, on the whole, +} 
advance of knowledge is slowed. What is striking 


war is the rapid solution of practical problems by the 
use of previously acquired scientific knowledge «nd 
technique. It is a mistake also to attribute this suc: cas 


to the fact that cost does not matter. Cost matters 

great deal; indeed, the purpose is always to achiev 
the end in view with the minimum cost of lives, labour 
and material. Finally, all depends on good design and 
production. Our weakness in the war was not to be 
found in the Jo mae of what was best to do, nor in 

the scientific work necessary to do it. It was when the 

stage of design and production was reached that we fell 

short of the best standards. The magnetron, which 
contributed more to the success of the Allies than any 
other single invention, was a product of British science ; 
but it had to be redesigned in America for economical 
manufacture. Penicillin, the greatest practical achieve- 
ment of medical research during the war, also originated 
in England, but unless American skill in large-scale 
manufacture had been available, many thousands of 
men, who now enjoy a healthy life, would have died. 

We now see history repeating itself, After the 
Second World War, as after the First, there is a cry for 
more research, in industry, and by the Government, 
and a strong demand on the universities to expand their 
schools of science. Temporarily this enthusiasm is 
having an unfortunate effect, for the schools are getting 
starved of teachers; and unless a high standard of 
teaching is maintained in our schools, the next genera- 
tion of scientists will suffer. In the long run, too, the 
expansion of research will fail to produce the hoped-for 
result unless we promote at the same time education 
in the higher branches of technology, and unless the 
technologist takes his rightful place in industry. 
Throughout the Nineteenth Century, the advances in 
engineering that made so great a difference to our 
prosperity, were the product of inventive rather than 
of scientific genius. Even the steam turbine, though 
its conception was founded on long-established physical 
principles, was brought to a high pitch of practical 
efficiency with very little assistance from scientists. 

But we live in a different age. Pure invention still has 
its place; but industrial prosperity will depend more 
and more on the continuous application of science in 
industrial practice. Unless we can raise our standard 
of technology, unless there are many more men in 
executive positions in industry whose practical experi- 
ence has been preceded by a scientific education, we 
shall inevitably fail to keep our place among the great 
manufacturing nations. President Playfair’s remark 
about Oxford and Cambridge is no longer true. Cam- 
bridge has long been recognised throughout the world 
as a great home of science ; and it is not merely devo- 
tion to my Alma Mater that prompts me to say that 
Oxford is now not far behind. But I fear that it is 
still true that in this country we have nothing com- 
parable to the great chalent. college of Ziirich. 

I turn now to another branch of applied science, less 
spectacular in its results to the ordinary citizen, but 
far greater in the benefits that it has brought to man- 
kind during the last 60 years. The physical sciences 
have given men comforts and luxuries that are obvious 
to all. The aeroplane, the cinema, the broadcasting 
and television receiver, and the domestic refrigerator 
are positive results of scientific research. Health, on 
the other hand, is in a different category. The ordinary 
citizen sees little connection between the advance of 
science and the fact that he is healthy. Til health, on 
the other hand, while a fault in other people, is a mis- 
fortune in himself, and a serious reflection on the state 
of medical science. How many man now living in this 
country have any real conception, I wonder, of the 
astonishing advances in the prevention and cure of 
disease that have taken place in the last 60 years, 
and of how they have come about? Where is the 
cholera with which I was threatened as a child if I 
drank unboiled water? Its last appearance in England 
was in 1893; and it was soon stamped out, and there 
has been no epidemic since. Many other diseases which 
were common in 1885 have practically disappeared oF 
are under control, Those that remain, will without 
doubt, be conquered in the end by the advance of 
knowledge. 

In 1885, the crude death rate was 20 per thousand ; 
now it is twelve. In 1885, one in every seven children 
died during the first year of life ; now the figure is one 
in 25. In 1885, a youns man of 20 could expect, on 
the average, to live for 41 years ; now his expectation of 
life is 48 years, and he can look forward to a far healthier 





* Presidential address to the British Association, 
delivered at Brighton on Wednesday, September 8, 1948. 
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life. Where can one now fifid the stunted children 
with distorted limbs, who were a common sight in the 
industrial towns of England when I was young? If it 
were possible to compare a random sample of young 
men and women from the poorer districts of London 
with their dparents at the same age, it could 
hardly be believed that they came from the same stock. 
Only those few doctors who had the duty of examining 
recruits for the Army in the 1914 War, and in the last 
war, can have any vivid appreciation at first hand of 
the changes that have come about in a single generation 
through the study of nutrition and preventive medicine. 

These great advances have been mainly due to the 
fundamental researches of very few men, and to the 
vigour and good judgment with which their work has 
been extended and applied in practice. Never has 
public money been better spent than on this branch 
of applied science ; and never has such a small invest- 
ment yielded such a rich return to the nation. The 
recently published report of the Medical Research 
Council, covering the war years 1939 to 1945, is a docu- 
ment of the highest scientific and historic importance 
which can be read with interest and profit even by 
laymen who are unfamiliar with the jargon of medical 
men. In 1939, the Medical Research Council con- 
fidently stated that “‘ If a strict comparison were made 
between what science had done to increase war mortality 
and what medical science has done to lessen these 
lethal effects, there is good reason to believe that the 
latter would be an easy winner.” 

Omit the word ‘‘ medical” in the last sentence, and 
I think you will agree that no prediction has been more 
amply justified. Nor should we too quickly assume 
that new destructive weapons evolved by physical 
science will in the future reverse the decision. In 
spite of all the hazards of bombing, the average civilian 
death rate during the years of war was lower than it 
was during the immediate preceding years of peace. 
The deaths in the fighting services were less than one- 
third of the deaths in the 1914-18 War; and over 
80 per cent. of the wounded have been restored to 
normal life. And in spite of all the difficulties caused 
by the submarine blockade, and the shortage of food, 
which still persists, we are a healthier nation than we 
were in 1939. Whether we are as energetic is another 
question. Our American allies have the same tale to 
tell. Four years of hard fighting in Europe and the 
Pacific caused fewer deaths than in the American Civil 
War, when the po tion of the United States was 
only one fourth of what it is now. It was only in 
Germany, East Europe and Russia that war counted its 
victims by millions, and then not through the destruc- 
tive forces of science, but because of the brutality of 
human nature at its worst. 

Nevertheless, the progress of preventive medicine is 
giving rise to social changes of great complexity, which 
will seriously affect the peace and prosperity of the 
world unless their consequences are studied with care, 
and their possible evils counteracted by wise and far- 
eighted action. In all countries which have a high 
standard of education, the rise in population which 
follows a rapidly decreasing death rate has been kept 
in check by a voluntary control of births. As a result, 
the average age of the population has considerably 
increased, and is increasing; the proportion of the 
population of England and Wales that is over 65 years 
of age is now nearly four times as high as it was in 1885. 
This, in itself, does not yet present any serious problem, 
for, as the proportion of children is much less than it 
was, the proportion capable of productive work, between 
the ages of 15 and 65, is actually somewhat higher than 
in 1885. No fundamental difficulty, from this cause, 
is likely to arise for many years to come ; but the popu- 
lation of the world is now increasing by 1 per cent. a 
year, and its distribution is such as to make it extremely 
doubtful whether the supply of food can keep pace, even 
with the present low standard of nutrition. It is the 
advance of science that has made this possible. War, 
pestilence, and famine have kept the population within 
bounds since the dawn of history. War has ceased to 
he effective ; pestilence is rapidly losing its os only 
famine is left as a brake until education takes its place. 
Is famine inevitable, or will science again come to the 
rescue, as it has done before? I do not think that the 
danger of the present position is yet fully realised. 
People remember only too well the apparent over- 
es of food in the 1930’s, and forget, or do not 

now, that since then the population of the world has 
increased by some 300 million people. 

A single example of what is now happening may 
help to illustrate the problem. Malaria has always 
been one of the most potent instruments of population 
control. It is endemic in most tropical countries. In 
the late war, it was defeated by the controlled use of 
mepacrine, a German drug, which is being replaced by 
an even better product of British research. In addi- 
tion, the potential importance of the insecticide D.D.T. 
for the elimination of malaria-carrying mosquitoes 
began to be recognised towards the end of the war. 

In 1944, Sir Robert Robinson, Professor Simonsen, 
and Dr. ‘King visited British Guiana on a special 


mission. British Guiana has a ation of roughly 
400,000. Two-thirds of the population used to live 
under conditions of severe endemic malaria, The 
birth rate was low, and the infantile and adult mortality 
high. The particular t of mosquito which is the 
carrier of ae and also of yellow fever and filariasis, 
in the Colony, lives and breeds in the wooden houses, 
and not in swamps. It is thus peculiarly susceptible 
to attack by insecticides. The British mission advised 
a comprehensive trial. Operations were started in 
1945, and at the time of speaking it is probable that 
the whole population of the Colony has been protected. 
The annual cost of keeping the whole district under 
continuous control is of the order of five shillings a 
head 


Malaria is now rapidly disappearing from the Colony. 
I cannot quote valid statistics covering the who 
population, but I have been supplied with exact 
information about a suburb of Georgetown with a 
population of about 3,000, and there is no reason to 
suppose that the results will not apply generally. In 
this vi , the death rate was e to the birth rate 
during the years 1938-1944 inclusive. The average 
infantile mortality during this period was about 250 
in a thousand. It rose to over 350 in 1944. D.D.T. 
control was introduced in July, 1945. By the end of 
1947, the birth rate had doubled and the infantile 
mortality had dropped to 67 in a thousand. The 
population is increasing by 10 per cent. annually. 

As the new methods of preventive medicine spread, 
we must expect the world population to grow at an 
even faster rate than it has done in our lifetime, unless 
famine intervenes. It will grow particularly in parts 
of the world that already have a high density of 
population, such as India, where the population is 
now increasing by five million people a r; and 
Egypt, where there are already 2,000 people to every 
square mile of cultivated land. Exactly 50 years have 

since a President of the British iation 
ast warned his audience of the danger of famine. 
Sir William Crookes was then alarmed at the pros- 
pective shortage of wheat. He produced evidence to 
support his conviction that England and all civilised 
nations stood ‘“‘in deadly peril of not having enough 
to eat”; but he qualified his gloomy forebodings by 
the statement that the chemist must come to the 
rescue of the threatened communities, and went on 
to discuss the possibility of the fixation of nitrogen. 
If that were achieved, the future, said Crookes, could 
take care of itself. The chemist did come to the 
rescue, and the plant breeder, too, though not quite 
in the way that Crookes imagined ; and now the day 
has come when we must grapple again with the problem. 
We must not encourage the easy thought that some 
entirely new development in science will solve it 
quickly ; there is nothing in sight comparable with 
the importance of synthetic fertilisers. There are 
certainly some interesting investigations.in progress, 
for instance, the production of food yeasts from 
molasses, and of fats by the action of micro-organisms 
on carbohydrates. All that can reasonably be said 
about these new developments at present is that they 
show the need for fundamental research in an almost 
untouched field. They are very unlikely to lead to a 
new and substantial source of supply of food within 
the next 30 years. So far as this country is concerned, 
we must plan our economy on the assumption that food 
will be both scarce and dear for many years to come. 

One or two years of good harvests in the wheat- 
producing countries may go far to relieve the present 
troubles of Europe; but the supply of wheat is only 

rt of a larger problem. World food supply will only 

eep up with demand if the productivity of land is 
increased, and more land is brought into cultivation. 
The productivity of land in the United Kingdom is 
already high; much higher, for example, than in 
most European countries and in North America. The 
productivity of labour on the land has increased in 
tecent years much more than in any other old industry. 
One man working on the land now produces enough 
food for 25 of the population. New Zealand surpasses 
all other countries in both respects, but few people 
realise that, in our small country, we now grow enough 
food for twice the population of Canada. There is 
still room for a great advance. There is a consensus 
of opinion among experts that the production of food 
in the United Kingdom could be raised by 20 per cent. 
within five years by a combination of measures, such 
as the improvement of grasslands, the conservation of 
grass for winter feeding, the control of pests and weeds, 
the extended use of fertilisers, and the development of 
large tracts of marginal land, such as exist in Scotland. 
It is argued that, though this would need considerable 
capital expenditure, there is no direction in which 
capital expenditure would yield more certain dividends 
to the nation, or make a more substantial contribution 
to the balance of trade. 

I find these views convincing, but even if all this 
were to come to pass, we 8 still need to import 
food for 20 to 25 million people unless there is to be a 





large outward movement of population ; and we must 





not lose sight of the fact that at least 20 million people 
are added to the population of the world every year, 
and that it is conceivable that in another 70 years, 
or even less, the world population will have doubled. 
Whatever other countries may do, it is our bounden 
duty, and the only certain way of safeguarding our 
future so long as we remain a large food-importing 
country, to develop our colonial territories, particularly 
the under-populated African colonies, where the 
increase in population that would follow the control of 
disease and the increase of food supply would ‘open 
fresh markets for international trade. 

This great task will call for intensive application of 
science, in collaboration with other countries. The 
tale of plant disease in our colonies, for example, is a 
sorry one. I predict that, unless the prevention of 
disease among plants and animals, and all other 
scientific problems of the supply of food, are studied 
on the same kind of scale, by men of similar calibre 
as are the problems of human health, chaos and misery 
will result. Whatever new comforts and luxuries may 
be provided in future by the advance of physical 
science, it is on the development of the biological 
sciences that the peace and prosperity of the world 
will largely depend. Until recently, there have been 
far too few careers = to young biologists outside the 
field of the medical sciences. All members of the 
British Association will therefore welcome the intention 
of the Government to inaugurate a Colonial Scientific 
Service, and will hope that the conditions of service 
will be such as to attract young men of the highest 
quality. 

We live, indeed, in difficult times. But they are 
very interesting times; and difficulties are bracing to 
a nation which has not lost the resilience of youth. 
We must not get into the way of thinking of our great 
country as an elderly man who is told by his doctor 
that if he is very careful of his diet, and avoids all 
exertion and worry, he may look forward to some 
years of placid life before he dies. This is a time for 
adventure, for taking risks. Calculated risks, of 
course, but not so nicely or so lengthily calculated that 
they are taken too late. My contacts with universities 
and with industry are close enough to convince me 
that the spirit of adventure in science is as lively as 
it ever was. It is that spirit which will largely deter- 
mine the future. Many years hence, when a President 
of the British Association reviews the of the 
nation from the depths of bankruptcy to new and 
unsurpassed heights of prosperity and influence, he 
may well have occasion to refer to the great influence 
of the work of a few young men, who are now unknown 
to the public ; and he may justly claim that the chief 
cause of the change was that we had found the right 
way to combine originality in science with enterprise 
and speed in its application. 





THE METRIC SYSTEM.* 
By Dr. L. HartsHorn.t 


WE all realise from time to time that our national 
units are an extremely odd collection. We are con- 
ditioned to accept them as natural in childhood when 
we acquire the art of manipulating them, a laborious 
job, but we manage it, and possibly set some store by 
the arithmetical accomplishments that we acquire in 
the process. When, later, we meet the metric system it 
is very liable to appear unfamiliar and foreign, and 
somehow too easy to be quite natural. Such first 
impressions remain embedded in our national attitude. 
When we have become tolerably familiar with the 
metric system, what is our reaction when we look once 
again at our national scales of measurement? I have 
put this to the test of experiment, and the answer is 
that mostly we laugh. I think it is the apparently 
reckless impartiality shown by our ancestors in their 
choice of numbers that impresses us. Nothing seemed 
to come amiss to them. They put 2 pints to the 
quart, 3 ft. to the yard, 4 quarts to the gallon, 6 ft. 
to the fathom, 12 in, to the foot, 14 lb. to the stone, 
16 oz. to the pound, 20 cwt. to the ton and 22 yards 
to the chain. Add to these the famous numbers 32, 
and 212 on Fahrenheit’s thermometer and the crowning 
glory of 30} sq. yards = 1 rod, pole, or perch, and you 
have indeed something to marvel at. 

We have certainly plenty of scope for our arithmetical 
powers. Whether our efforts serve any real purpose, 
and whether the energy could not be more profitably 
directed into other channels, are questions that inevit- 
ably arise, and they have often led to proposals to adopt 
the metric system. Why have they not so far been 
accepted? The reasons have been complex and 
delicately balanced: it would be well not to assume 
that their validity remains unaffected by the 
of time. The change would require a considerable 





* Contribution to a Discussion on the Metric System 
in Section G of the British Association at Brighton, 
on Friday, September 10, 1948. Abridged. 
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effort: it has often been dismissed as impossible. But 
the events of the last decade have at least shown that 
the magnitude of the effort would not stop us if the 
incentive were there, All that. unnecessary arithmetic 
has always been something of an irritant, but on the 
whole those who have to do most of the arithmetic have 
had very little voice in the decision not to change. If 
the choice lay with the new generation things might 
have been very different. The matter is usually 
regarded as purely domestic, and one can detect at 
times a certain pride that the British nation has chosen 
to muddle through this situation in a characteristic 
fashion, that does credit to its independence of outside 
influences. It is this particular form of isolationism 
that I think we should question, as something entirely 
out of keeping with the changed circumstances of our 
post-war world. At no time have smooth inter- 
national dealings been so important. A truly inter- 
national system of weights and measures may be but 
a very small element in the general situation, but it is 
something that could be achieved and its effects on 
international relations would be wholly beneficial. 

We are not here concerned with the precise definition 
of the metric system. The term has come to be gener- 
ally accepted for the system of measurement that 
satisfies two sw ly im) t conditions. (1) It 
is used throughout the world. (2) All the units bear 
the simplest ible relation to one another and to 
the system of numbers that we all use. The only 
system of measurement that satisfies these conditions 
is that in which the metre is taken as the unit of length, 
and all the other units are derived from it by means 
of familiar relationships including no numbers exeept 
integral powers of tem. Its full title is therefore the 
Decimal Metric System. The working-out of the fine 
detail of the system brings out certain difficulties, such 
as the relative status of the metre, the kilogramme and 
the litre ; but these practical problems of standardisa- 
tion arise from the limitations of our measuring tech- 
nique, and are not peculiar to any one system of units. 
The simple relation between the eubic centimetre and 
the gramme is not without its practical value, whatever 
may be the uncertainty about the last decimal place. 
Tt must be emphasised that the importance of the 
system lies in its simplicity and its universal character. 
Systematic application of the same principles brings 
every measurement into the scheme and makes it 
intelligible to everybody who needs it. Some elasticity 
of nomenclature is required as the system extends, but 
this, though important, is a secondary matter; the 
Angstrom unit (10-** m.) and the metric ton (1,000 kg.) 
are both in the system. Some may be glad to note 
that the British ton and the metric ton are nearly 
equal. The machinery for maintaining the system and 
making, by international agreement, such decisions as 
are necessary already exists in the General Conference 
of Weights and Measures. Twenty-seven nations have 
been in collaboration on this matter for over 70 years. 

It is worth noting that no one seriously tries to 
defend our traditional system on its merits. It is 
admitted on all sides that if we had a clear choice and 


no entanglements, opinion would be unanimously in } 


favour of the metric system. All the reasons boil down 
to existing entanglements, and admittedly they are 
formidable ; but with the fact that other coun- 
tries have got clear of them, it is impossible to maintain 
that they are insuperable. It is true that a lot of 
equipment would become obsolete, but we must not 
exaggerate the material loss. The quality of a screw 
thread, for example, is not altered by describing it in 
metric terms instead of British. Still, some loss must 
be faced, and we know that the first reaction will be: 
“We cannot afford to do it.” We must not omit to 
face also the question “‘ Can we afford not. to do it?” 

We have always made worthy contributions to the 
work of the General Conference and the International 
Committee of Weights and Measures; and the British 
Association in particular has a proud record in this field. 
I am not here referring to the B.A. screw threads, 
though of course they are metric, and the fact that they 
have flourished in a non-metric environment should 
settle some doubts. I refer to the fact that all our 
electrical units are, thanks largely to the pioneer 
labours of the famous B.A. Committees of 1862 and 
onwards, part of the decimal metric system. It is 
impossible to over estimate the benefits that we and 
the world at large have gained from the foresight and 
effective action of those Committees. The need of the 
moment is for the extension of that effective action 
into a wider sphere. 





THE Late Mr. N. MERZ.—We regret to record the death 
of Mr. Norbert Merz, which occurred at Dunstan Hall, 
Craster, Northumberland, on Thursday, September 9. 
Mr. Merz was 71 years of age and was actively associ- 
ated with Messrs. A. Reyrolle and Company, Limited, 
since 1901, when he joined that organisation as secretary, 
until his retirement in 1945. He joined the board of 
directors in 1918 and was appointed chairman in, 1939. 





LABOUR NOTES. 


Tue theory, held im some sections of the trade-union 
movement and elsewhere, that the abolition of profits 
could drastically reduce prices and increase 
has been shown frequently to be a fallacy. It was, in 
fact, exploded quite recently by the Chancellor of the 
Exchequer, Sir Stafford Cripps, in his address to the 
Trades Union Congress. There are many responsible 
trade-union leaders, however, who recognise the mis- 
chief that this erroneous idea is doing. Mr. W. B. 
Beard, 0.B.E., the general secretary of the United 
Patternmakers’ Association writes in the September 
issue of the Association’s Trade Report: ‘‘ Much has 
been said, and written, about this getting together” 
(of employees and managements) “ and p Bes, profits 
and prices, too, and I feel sure that a closer contact 
with business procedure by workpeople would certainly 
clear away many misconceptions, and would also lead 
to appreciation, by the management, of the employees’ 
diffieulties. One does not desire to defend exorbitant 

fits and I have no intention of doing so, but, by and 

this question of profits has been exaggerated ; 

sometimes, I fear, this has been done for political 
propaganda.” 


Commenting on the incomes of large commercial 
undertakings, Mr. Beard continues, “In a previous 
monthly , I gave figures of the income of some 
prominent firms and also the ratio of the profits in 
relation thereto. Whilst not in any way defending, 
or attacking, the profit motive, it is perfectly clear that 
if profits were divided amongst the workmen concerned, 
very little would be added to wages as a result, except 
in the few eases where profits are extremely high. I 
have, for instance, recently seen a statement of accounts 
of the Bristol Aeroplane Company, Limited. This 
company employs many, many thousands of work- 
people. The expenditure per Il. of income is listed as 
follows: materials and trading expenses, 9s. 24d. ; 
employees’ wages and salaries, 8s. ; coal, gas, electricity, 
postage, telephones, local rates, etc., 6d.; repairs and 
depreciation, 1s.; taxation, 8}d.; retained in the 
business, 34¢.; paid in dividends, net, 34d. These 
items, added together, make up the total of 20s.” 





Writing apparently with the recent Trade Union 
Congress in mind, Mr. Beard says: “One would 
imagine, from resolutions submitted by some trade 
unions to Congress, and articles which have appeared 
in certain sections of the Press, that prices can be 
drastically reduced by the elimination of profits and 
the increasing of wages. The table I have just quoted 
does not bear this out, and I can duplicate this kind of 
thing many times. Therefore, one must conclude that, 
while this may be good political propaganda, it does 
not provide the complete answer to the question of 
rising prices. It will be apparent, too, that the ques- 
tion of price reduction is not an easy one to solve.” 





Mr. Beard continues : ‘‘ Every wage increase without 


'@ cerresponding production increase, simply causes 
‘prices to rise still higher, and it is the working people 


who have to pay these prices. It is self-deception to 
think that a rise in pay can raise or even preserve 
present living standards. Greater personal effort is 
one way to deal with this problem. Another is the 
introduction of new capital goods, namely, new machines 
in almost every industry, which would produce more 
in less man-hours and reduce the number of distributive 
and administrative people employed, who, in turn, 
could assist in greater production elsewhere. That, 
hewever, is a very long-term policy which would take 
many years to develop. The immediate policy is, 
perhaps, not so obvious, but if joint consultation can 
help to produce more and reduce overhead costs and 
so bring down prices, so much the better for everyone.’s 





There was no c in the average level of weekly 
rates of wages during July ; the figure for all employees 
remaining at the June level of 106, to which it rose 
pea ay ey ing at 105 since the end of February. The 
wage index 0’ the Ministry of Labour and National 
Service discloses,. however, that, in the case of women 
employees, their average weekl rose by one 

int in July to the new high level of 108. The figure for 
juveniles has stood at 108 simee the end of March. 
The index is based on the average level of weekly 
wages on June 30, 1947, which are taken as 100. 





Although the recent Trades Union Congress gave 
general gra to the Government’s policy on wages, 
prices an . it was realised that those unions 
which had already put forward claims for wage increases 
would continue to press them. One of the most impor- 
tant of these is the railwaymen’s claim for a flat-rate 
increase of 128. 6d. a week for all adult. employees. A 
meeting between the British Railways Executive and 








representatives of the National Union of Railwaymen 
took place in London on September 17, when the case 
for the railwaymen was presented in private by Mr. 
J. B. Figgins, the union’s general secretary. 





Mr. W. P. Allen, C.B.E., of the Railway Executive, 
and formerly general secretary of the Associaicd 
Society of Locomotive Engineers and Firemen, stated 
on behalf of the Railway Executive that the claim 
would receive serious consideration and agreed that 
another joint meeting should be held at an early date, 
when the Executive’s reply would be communicated, 
As all grades of the National Union of Railwaymen are 
concerned in the claim, it will be presented also to 
London Transport Executive and to the Hotels Execu- 
tive. It is estimated that the claim, if granted in its 
entirety to the union’s full membership of approxi- 
mately 460,000, would place an additional annual 
my of between fifteen and sixteen million pounds 
on the Railway Executive’s finances. Just how so 
large a sum ean be paid out by the Executive without 
an increase in passenger fares and freight charges is 
not clear. No doubt the Executive will carefully 
consider this point before making its decision. 





The Government’s White ron personal incomes, 
costs and prices, issued in February, recognised that 
wage levels might have to be adjusted, should a sub- 
stantial rise in the cost of living take place. It is 
understood that the railwaymen’s claim is based chiefly 
on the cost of living having risen by approximately 
8 per cent. since June, 1947, at which date their last 
increase, of 7s. 6d. a week, was granted. Greater pro- 
duction in Railway Executive workshops, as well as 
intensified efforts in other departments of the railway 
services, are also put forward as justifying the increase. 
There is, too, the suggestion that the railwaymen should 
receive the increase, in order to avoid the possibility 
of any dissatisfaction arising among them and thereby 
preventing the railways taking their full share in the 
country’s economie recovery. But this doctrine of 
appeasement could apply to most sections of the 
working population and almost any wage claim could 
be justified with its help. 


The total staff employed by the British Transport 
Commission at mid-June, as stated in the Commission’s 
Transport Statistics, amounted to 805,837, compared 
with a total of 782,295 at the end of January, an 
increase in under five months of 23,542. These figures 
included the Commission’s head-office staff, as well as 
the staffs of British Railways, London Transport and 
Inland Waterways. Increases are reported in all 
these during the period named. The total staff of 
British Railways increased from 681,118 to 700,963 ; 
of London Transport, from 97,044 to 100,615; and 
of Inland Waterways, from 3,929 to 4,126. The 
Commission’s total of 805,837 in mid-June is listed 
under four headings. The clerical, administrative and 
technical group totalled 116,267; the operating staff 
amounted to 407,548; and the maintenance staff to 
247,400. 34,622 persons were employed by the Com- 
mission in other directions, including the hotel service.4 





Towards the end of last week, reports were received 
from various parts of the country that token strikes of 
engineers. were being arranged to protest against the 
recommendation, by the recent court of inquiry, for a 
weekly increase of 5s., in lieu of the 138. weekly claimed 
by the unions. The token strike ealled by the shop 
stewards on Clydeside for Monday last was later 
cancelled as a result of action taken by the Amalga- 
mated Engineering Union. The union had issued a 

ing to branch secretaries that it would not permit 
Teepiliens of unofficial strikes by shop stewards and 
district committees. The letter said that most of the 
threatened stoppages a ted to have been called 
without the authority of the district committees, and 
that none of them had the approval of the union 
executive. 





The union’s letter continued: ‘‘ Such action does 
not constitute a challenge to the employers, but to the 
authority of the district committee, the national 
committee, and the exeeutive council,” The union’s 
branch secretaries were accordingly ordered to direct 
the attention of their branch members to the very 
serious consequenees which might be ineurred by 
members responsible for such stoppages, for their 
violation of the union’s rules and constitution. A 
meeting of representatives of the Confederation of Ship- 
building and Engineering Unions and of the Engineering 
and Allied yers’ National Federation took place 
on. Tuesday, when the Confederation was informed of 
the employers’ acceptance in principle of the recom- 
mendations of the court of inquiry. The national 
committee of the Amalgamated Engineering. Union met - 
at York. yesterday, to consider the position. 
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FUEL AND POWER ECONOMY, WITH 
SPECIAL REFERENCE TO HEAT 
PUMPS.* 


By Proressor 8S. J. Davies and F. G. Warts. 


(Concluded from page 287.) 


In considering the conversion of an existing hot-water 
space-heating service to heat-pump operation, the 
existing supply temperature and radiator surface must 
be taken into account. The Performance Energy 
Ratio is sensitive in relation to temperature range and 
120 deg. F. should normally be the highest temperature 
of hot-water supply. This is lower than in many exist- 
ing systems, but a reduction is consistent with modern 
practice. Panel heating, in particular, is admirably 
suited to heat-pump operation. Good circulation of 
the hot water is also an essential requirement. In the 
Norwich experiment it was possible to satisfy these con- 
ditions and valuable evidence has resulted concerning 
the feasibility of installing heat pumps to meet condi- 
tions in this country. It must be itted, however, 
that, apart from Kelvin’s initial proposal, the contribu- 
tions here have been meagre, a fact that is largely due to 
our former plentiful and cheap supplies of fuel. 

The greatest success in this Reld has been achieved by 
the Swiss who, while deserving praise for their engineer- 
ing skill and enterprise, have also been the victims of the 
circumstances from which we now suffer. In two 
World Wars, Switzerland, fortunate indeed in not being 
involved directly in hostilities, suffered greatly through 
having no considerable internal fuel supplies. Follow- 
ing their experience of the first war came their exten- 
sive development of hydro-electric power installations, 
supplying the so-called “ white coal.”” In the second 
war, their supplies both of hydro-electric power and of 
imported fuel proved inadequate and, in order to make 
the best use of these two sources of power, they were 
compelled to consider very seriously the application of 
mechanical] aids in thermal operations. Their installa- 
tions have generally been of large size and have been 
applied both to space-heating and to industrial pur- 
ae Two installations, one of each kind, will be 

tiefly described. 

The first of these was installed by Messrs. Escher- 
Wyss, at the new Ziirich Swimming Baths, and is shown 
diagrammatically in Fig. 5, on page 310. The installa- 
tion is arranged for two services, space-heating the 
building and heating the water for the swimming bath 
and the showers, each section calling on from two to three 
separate heat pumps as necessary to meet the greatly 
varying demands for heat at different seasons of the 


year. 
In the space-heating system, to be seen on the left of 


the diagram, the pipes conveying the working substance | f 


in the evaporator component, 1, are placed in a channel 
formed directly in the River Limmat. The working 
substance, after receiving heat from the river water, is 
drawn into the compressors 3, in which it is com- 

ressed and from which it is delivered to the con- 

enser, 4. The heat-receiving medium in the con- 
denser is the hot water of the heating system and this, 
delivered at 122 deg. F., is circulated by the pump, 8, 
through the pipes, 6, to the radiators, 5, of the general 
heating system, and to the heater, 7, for the ventilation 
air. The condensed working substance flows back 
through the regulator, 9, to the evaporator, 1. 

The system on the right of the diagram caters for the 
swimming bath and the showers. The evaporator, l, 
of the spray type, is away from the river, the water 
supplying the heat being circulated to the sprays 
by the pump, 2. The system is the same as that 
on the left as regards the arrangement of the com- 

rs, 3, the condenser, 4, and the regulator, 9, 
ut there are two sets of conditions for the hot water 
receiving heat from the condenser, 4; under one set of 
conditions the heat is supplied to the swimming bath, 
10, and, under the other, to the showers, 12. When 
supplying the bath, the supply temperature is 77 deg. F. 
and the temperature of the water in the bath is 
72 deg. ¥.; the water flowing out of the bath returns 
tothe condenser. One compressor is normally sufficient 
for this duty. Heat is provided for the showers only 
by accumulation during the night and is stored in the 
accumulator, 11, at 113 deg. F. 

When the heat pumps supply heat at 122 deg. or 
113 deg. F., as when supplying space-heating or the 
hot water for the showers, respectively, the Performance 
Energy Ratio is such that about 11,880 B.Th.U. per 
kWh are delivered ; since 1 kWh is equivalent to 3,412 
B.Th.U. per hour, this gives a Performance Energy 


Ratio of — = 3-48:1, When the heat pumps 








* Evening lecture delivered before Section G of the 
British Association at Brighton on Monday, September 
13, 1948. Abridged. 

t Of Kiog’s College, London. 

+ For descriptions of certain Continental installations, 
see articles by J. B. Pinkerton, The C lting Engi: 4 
May, 1948, et seg. 








___- 309 











supply heat at the much lower temperature of 77 deg. F. 
to the swimming bath, the Performance a Ratio 
is Ts doubled and over 23,760 B.Th.U. per 
kWh are delivered, corresponding to an actual Perform- 
ance Energy Ratio of nearly 7:1. The heating of 
the water for swimming baths, on account of the 
relatively small rise of temperature necessary, is thus a 
specially attractive application of the heat pump. 

An electric boiler supplies the heat n for 
heating the water in the ath when this is completely 
refilled after its periodic cleaning. It provides also 
very hot water for the radiators heating the windows 
in the roof of the swimming-bath hall in very cold 
weather and for any special requirements of very hot 
water, so that the heat pumps work only within the 
restricted ranges of temperature mentioned above, 
for which their Performance Energy Ratios are reason- 
able. This boiler forms also a convenient reserve. 
The heat in the used water from the swimming bath 
and from the showers is not wasted, as the water is led 
also to the sprays of the spray evaporator, in which as 
much as practicable of this heat is transferred to the 
working substance. 

Installations for simple space-heating have the draw- 
back that their utilisation is only seasonal, so that their 
annual ioad factor is low. Industrial applications, 
which work throughout the year, can usually yield 
much higher values of the load factor, and are, as a 
result, much more favourable, in this respect, in relation 
to the financial advantage of the heat pump. Those 
industries which require large quantities of hot water 
are particularly well-suited to operation with heating 
by heat pumps. Of these, installations in which the 
hot water is used for washing and similar processes and, 
after use, is still at a fairly high temperature are natur- 
ally the best, since the temperature range is small and 
the heat in the used water may be utilised in providing 
some of the heat for the eva 6 

This fact lends particular interest to the installation 
of the Steckborn Artificial Silk Company, built in 3943, 
by Messrs. Brown, Boveri and Company, Baden, Switzer- 
land, and shown in diagrammatic form in Fig. 6, page 
310. In rayon manufacture, considerable quantities of 
hot water at low aad medium tem tures are necessary 
for heating the spinning baths, the spinning machines, 
the drying ducts and vats, as well as for the spun 
material itself. Conditions at Steckborn are a 
ticularly favourable for an installation ego tp eat 

jumps, for the following reasons: (1) the works adjoin 
e Constance, from which practically unlimited y 4 
lies of low-temperature heat are available; (2) ti 
ands for heat are considerable and are reasonably 
constant ; and (3) the plant is in operation throughout 
the year, and thus offers the possibility of a load 
actor. 


Heat is required in two forms, namely, as hot water 
for heating and in the form of steam for processing. 
Steam was formerly also used for heating and the 
heating system was first converted to hot-water heat- 
ing ; this change was found advantageous on account 
of improved cleanliness and the elimination of leakage 
of steam and condensate. High-grade heat in the form 
of process steam is still supplied by boilers, but the 
necessary low-grade heat is supplied by heat pumps, 
supplemented by the low-grade heat available after the 
steam has been used in processing. The installation 
thus provides, from industry, an example in which a 
combination of high- and low-grade heat is involved. 
Considering first the heat supplied by the heat pum 
to the hot-water system, it is convenient to begin, at the 
right of the diagram, with the circulating of 
the lake water to the low-temperature side of the heat 
pumps. A indicates the e and there are two 
alternative pumps B, and B,, each arranged to take 
in the lake water at the _—e practicable seasonal tem- 
ratures. In summer; B, is in use and draws water 
m near the surface of the lake at temperatures of 
from 55 deg. to 68 deg. F. In winter, B, draws water 
from near the bottom of the lake at about 39 deg. F. 
The supply water is led through the pipeline a to the 
evaporators, D, and D,, of the heat-pump sets, TB, 
and TB,, and, after suffering a fall of temperature 
ranging roughly from 2 deg. F. in winter to 4 deg. F. in 
summer, is returned through the pipeline 6 to the lake, 
the rate of circulation being adjusted to accord with 
operating and climatic conditions. Each ag gems | 
set consists of an evaporator, D, a compressor, E, an 
a condenser, C, the suffixes 1 and 2 referring to the 
individual sets, TB, and TB,. The working substance 
used is methyl-chloride, and the circuits are shown 
by —_ lines. The ee ee a E, are 
driven by motors through three-speed gearing, so 
that the compressor speed can also be regulated to 
meet seasonal changes of temperature. Either or both 
of the sets can be in operation according to demand. 
The water circuits are shown in the diagram by thin 
full lines, pipeline c showing the deli to the elements, 
such as L, requiring hot water, and pipeline d showing 
the return of the cooled water to the condensers, C, and 
C,, to have its temperature raised. Circulation is pro- 
vided by the electrically-driven pump, H. The water 





is delivered from the condensers at 158 deg. F. and is 
returned at 136 deg. F. 

Coming now to the steam circuits, these may be 
followed on the di by the thick full and broken 
lines, the full lines showing the process steam and 
the broken lines the condensed steam. Two sources 
of steam are shown in the diagram: G is a coal-fired 
boiler from which the steam passes first to a turbo- 
generator set, TG, after which the steam passes, 
through the pipeline e, to those elements that require 
heat at relatively. high temperatures, and is then led 
to the heat exchangers, J, in which heat may be given 
by the steam to the water in the hot-water circuit ; 
from the heat exchangers the condensed steam is led, 
through the pipeline f, back to the boiler G. An 

ative source of steam in a condition suitable for 
the high-temperature elements, and thus not including 
the turbo-generator, TG, may be supplied by the 
electric boiler, K, the circuits being otherwise as just 
described. 


The combined systems offer a great range of flexi- 
bility to meet variation in demand and in climatic 
conditions. Automatic governing devices maintain 
constant the temperature of supply of the hot water, 
and, at the same time, ensure that as much heat as 
moe is supplied by the heat pumps, both when the 

eat is derived from these alone and also when they 
are running in combination with the steam-to-water 
exchangers. The maximum capacity of each of the 
two heat pumps is 67-4 therms per hour, so that the 
combined installation is nearly seventeen times as great 
as that at Norwich. 

While the conditions in Switzerland during and since 
the war, as regards fuel and energy supplies, have 
been similar to those prevailing here, in the United 
States they are quite different. Developments there 
have been influenced almost entirely by the demands 
for improvements to -heating and air-conditioning, 
and all recorded applications of heat pumps have been 
in the direction of human comfort, industrial applica- 
tions not being mentioned. The ition there was 
reported on by Professor E. B. Penrod.* Installations 
so far have been mostly divided between office buildings 
in the range from 40,000 cub. ft. to 350,000 cub. ft., 
with one installation of 1,570,000 cub. ft., and houses 
from 20,000 cub. ft. down to small five-roomed houses. 
With the large potential home demand, two manufac- 
turing companies are each producing “‘ package-unit ” 
installations, similar in arrangement to household 
refrigerators, on a scale ee in 
quantity, one company having i 150 sets in 
1946, with motors ranging from 3 h.p. to 10 h.p. 

While most installations, in Switzerland, derive their 
low-temperature heat from lakes and rivers, in the 
United States air and well-water are the principal 
sources of supply, the sets in the Southern States 
using air. Air has two drawbacks: one is the possi- 
bility of the heating coils being frosted up, so that 
provision for de-frosting is necessary, and the other 
the fact that as the air temperature falls to low levels 
the ormance energy ratio becomes smaller, owing 
to the increasing temperature range of the cycle, 
just at the time when the heat demand is greatest. 
one t of installation the low-temperature heat is 
received in coils set in the earth. Providing the depth 
of the coils beneath the surface is sufficient, the per- 
formance energy ratio of such an installation remains 

ically constant. 

Fig. 7, page 310, is a reproduction of one of Penrod’s 
diagrams showing the electrical power n to heat 
a well-insulated six-roomed house at 70 deg. F., with an 
air heat pump, the broken line showing the performance 
energy ratio of the heat pump. For comparison, the 
chain-dotted line gives the corres ing value of this 
ratio, which is constant, for an earth heat pump. 
With an outdoor ae of 20 deg. F., the heat 
loss is 45,000 B.Th.U. per hour and the curves show 
that 4-5 kW must be supplied to the air heat pump. 
With the earth as the source of heat, the performance 
energy ratio is raised from 2-9 to 3-6, and the electrical 
power necessary is reduced from 4-5 kW to 3-62 kW. 

Installations which provide both space-heating and 
space-cooling have the great advantage over those for 
space-heating only of a better load factor. The data 
in Table III, on page 311 in which load factor is defined as 


Average annual power consumption 
Maximum annual power consumption’ 
bring out this point and also give some interesting 
data concerning costs. The excess of cooling load over 
heating load is not due entirely to the difference 
between the heat transferred to the building in hot 
weather and that lost in cold weather; the heating 
load is reduced by the heat generated by people, 
lights, and apparatus in the » Whereas the 
cooling load is increased. It should also be mentioned 








* Paper No. 47-SA-10, Mechanical Engineering, vol. 69, 
No. 8, August, 1947 ; and Engineering Experiment Station 
Bulletin, University of Kentucky, vol. 1, No. 4, June, 
1947, 
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that the buildings, being only one- or two-storied, are 
not very economical as regards their external heating 
and cooling loads. 

So far, discussion has taken place on the assumption 
that electrical power is used to drive the compressor, 
and, a from the other advantages, this was seen 
in the Norwich case to lead to a reduction of consump- 
tion from 16-6 lb. to 9-1 lb.; but there are other 
ange gy In Denmark, oil engines, used primarily 

or the generation of electricity, through the waste 
heat* in their cooling water and in their exhaust gases, 
supply hot-water heating. In one small installation, 
a © thermal efficiency of 31 per cent. was realised 





* A. K. Bak and N. C. Geertsen : Fuel Economy Con- 
ference of the World Power Conference, The Hague, 
1947 ; Section C5, Paper No. 4. 











and a further 46 per cent. was recovered from the 
cooling water and exhaust gases and used for heating. 
The power develo was 1,060 brake horse-power, 
and 4,000,000 B.Th.U., or 40 therms, per hour were 
delivered to the heating system ; this is five times the 
maximum rate of the Norwich installation, in which 
heat for 500,000 cub. ft. was supplied. 

Suppose that, instead of generating electricity, the 
output of 1,060 brake horse-power had driven a heat 
pump of Performance Energy Ratio 3-5. The heat 


pump would deliver 3-5 x a x 40 therms per hour ; 


but the waste heat from the engine already provides 
40 therms per hour, so that the total heat available 


for heating would be (1 + 3-5 x =) x 40 therms per 
hour = 3-36 x 40 therms per hour. The fuel supplied 


Skies Water 
at > 80°F. 
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to the engine has a heat equivalent of * x = 


2-17 x 40 therms per hour. The overall ratio of the 
heat delivered to the heat supplied in the fuel is thus 
3-36 
2°17 
An oil-fired boiler used directly could hardly exceed an 
efficiency at full load of 75 per cent.; so that the 
combination of engine and heat pump is more than 
twice as efficient. Moreover, while an oil engine is 
almost equally efficient from full to half-load, the 
efficiency of a boiler falls off rapidly as load is reduced. 
In such a comparison, the quality and cost per ton of 
the fuels for the engine and boiler, and the respective 
capital and maintenance costs would, of course, require 
consideration. 

There are cases in which oil engines are running at 
less than their rated outputs, so that further power is 
available, or in which, by adding a supercharger to an 
unsupercharged engine, it would be possible to produce 
further power. Under these conditions, the addition 
of a heat pump driven by this extra power can be very 
attractive. For example, in the installation con- 
sidered, assuming the same brake thermal efficiency, 
an increase in the output from 1,060 to 1,315 brake 
horse-power, that is, by 28-6 per cent., would make it 
possible, while generating the same output of electrical 
power, to double the heat available for the hot-water 


= 1-55, or a thermal efficiency of 155 per cent. 


system. 
If P is the basic brake horse-power and p the surplus 
horse-power available to drive a heat pump, both 





expressed in heat units, H is the rate with which the 
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o-3 
(9264.1) Entropy 
waste heat from the engine is utilised when developing 
its basic power and h the rate at which heat is delivered 
by the heat pump, a simple expression may be derived 
to show the relationship between these quantities. 
Using the same values for brake thermal efficiency and 
for the percentage of waste heat utilised for heating, 
31 per cent. and 46 per cent., respectively, and the same 
values, 3-5:1, for the Performance Energy Ratio of 


the heat pump, then H = +i P as before, but, owing 


to the additional power p, the extra heat h = < pt 


= p= 1-482 p+ 3-5p = 4-982 p, a handsome re- 
turn for the extra power p. Incidentally, it should 
be emphasised that the values given are definitely 
conservative, and that better results could be realised 
in many cases. 


TABLE III.—Heat Pump Air-Conditioning Plants in 
District Offices of the Southern California Edison Company, 
Limited (Penrod). 








San 
District Office and | Whittier,| Bernar- | Monte- Santa 
Year of 1937. dino, bello, Ana, 
Installiag. 1937. 1938. 1940. 
| 
Volume _air-condi- 75,300 73,800 50,100 | 116,700 
tioned, cub. ft. 
Floors “ aa 1 1 plus 1 2 
Mezzanine 
Approx. installation 5,500 5,400 6,500 8,900 
cost, dols. 
Average annual | 
values :— } 
Heating, kWh 7,996 11,440 8,556 21,800 
Cooling, kWh __..| 16,100 27,460 17,111 30,526 
Total air-condi- | 24,096 38,900 25,667 52,326 
tioning, kWh 
Load factor, heat- 7-94 9-42 6-75 11-35 
unt per cent. 
factor, cool- 15-88 22-63 13-5 15-95 
ing, per cent. 
Load factor, total, 23-82 32-05 20-25 27-30 
pw cent. 
kWh per cub. ft. 0-318 0-527 0-513 0-499 
Cost of air-condi- 531 672 530 901 
tioning, dols. 

















If it’is not possible, for practical reasons, to obtain 
power additional to that normally required for the 
primary purpose, such as the generation of electricity 
or for pumping, it is possible, by providing suitable 
capacity for heat storage, to drive the heat pump 
during off-peak periods of power generation and to 
store the heat in heat accumulators. Such a com- 
bination would lead both to an improvement of the load 
factor of the engine and to a utilisation of available 
low-grade heat. 

With combinations of this kind it is possible for 
moderately small but isolated communities to be self- 
contained as regards electricity and heat. Forexample, 
the continuous power, mentioned above, of 1,060 brake 
horse-power for electricity with 255 brake horse-power 
to drive a heat pump, would yield about 700 kW and 
80 therms of heat per hour. Taking 2,000 cub. ft. of 
dwelling space per person, and heating all of this, it 
would be possible, on the Norwich basis, to heat 
8,000,000 cub. ft., with a margin of 60 per cent. to meet 
extreme conditions. This would either heat dwelling 





os o-7 o-s 1-4 
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space for 4,000 persons, or, alternatively, its equivalent 


in factory space, dwellings, schools, etc., for, say, 3,000. 


persons. While the buildings heated by waste heat 
from the engine, for reasons of distribution, must be 
within reasonable distance of the power house, the heat 
pump installation, if driven electrically, can be situated 
at will, near the source of low-temperature heat, such 
as the sea, a lake or a river, to provide for a second 
section of the community. By adding capacity for 
thermal storage, many other combinations would be 
possible, and probably with a smaller power unit. The 
possibilities of modern high-compression gas engines, 
driven by producer gas, should also not be overlooked 
in cases in which oil fuel is difficult to obtain and suitable 
fuels for producers are available. 

A second form of vapour-compression heat pump is 
so distinctive in its conditions of operation that it 
needs its own name: this is the thermal compressor. 
In a large number of industrial operations involving 
drying, concentration by evaporation and quenching 
with water, very large quantities of heat are lost to the 
atmosphere in the form of the latent heat in the s am 
or water vapour which is often driven off in these er 
cesses. In many of these cases, the heat suppli 
bring about the evaporation is conveyed in live steam, 
which, while undergoing condensation, is led through 
suitable tubes or coils in the vats, pans or other vessels 
containing the substance from which water is to be 
removed by evaporacion, and the resulting water 
vapour is left to escape to the atmosphere. After the 
live steam has given up its latent heat, it may be 
returned to the hot-well of the boiler or may pass to 
waste as condensate ; in either case, the latent heat of 
the steam has been given up and, even if the condensate 
is saved, its sensible heat is but a small proportion of 
the total heat energy given originally to the water in 
the boiler. Thermal compressors, which use but a 
small fraction of the energy represenved by the latent 
heat, can, under suitable conditions, bring about 
notable economies in such installations. 

As a simple example of the method of operation of a 
thermal compressor, a plant for distilling water will be 
considered. In Fig. 8, opposite, let live steam be supplied 
from a boiler, in the ordinary way, as the heat-conveying 
medium. The vapour from the water being distilled 
in the evaporator passes to a condenser where it gives 
up to circulating water the latent heat, and most of 
the sensible heat, received from the live steam. In 
Fig. 9, with the thermal compressor installation in 
operation, the vapour driven off in the still passes to a 
compressor in which its pressure and thus its tempera- 
ture are raised. This steam is then led through the, 
heating coil in the still and gives up its heat to evaporate 
further water. The only energy required is that to 
drive the compressor, and the condensing plant is ren- 
dered unnecessary, the still in this case becoming a 
combined evaporator and condenser. 

Assume fresh water at 60 deg. F. to be supplied in 
both cases and distilled water at 80 deg. F. to be pro- 
duced. In Fig. 8 the heat necessary to raise the supply 
water from 60 deg. F. and to evaporate it at atmospheric 
pressure is supplied by live steam. Apart from the 
dimensions of the heat exchanger, it is immaterial at 
what higher sages this is supplied. In Fig. 9 the 
pressure of the heating steam is taken as 30 lb. per 
square inch absolute and this may, for purposes of com- 


parison, be taken as the supply pressure in Fig. 8. In 
this, each pound of Prades | water has a final total 
heat of 181-2 + 970-0 = 1,151-2 B.Th.U.. It thus 
receives 1,151-2 — (60 — 32) = 1,123-2 B.Th.U. per 
pound from the steam at the upper pressure. 

Let the overall efficiency of motor and compressor be 
72 per cent., of which 80 per cent. is the isentropic 
efficiency of compression and 90 per cent. that of the 
motor. The condition of the evaporated vapour, 
assumed to be dry saturated, is shown by point A on 
the ea rica ag ty diagram, Fig. 10. Adiabatic 
compression is shown by the isentropic AB and gives 
an increase of total heat of 55 B.th.U. per pound. 


| Compression with 80 per cent. adiabatic efficiency is 


shown by AB’, with an increase of total heat of 
55 X a = 68-8 B.Th.U. per pound, so that the super- 
heated steam at B’ has a total heat of 1,220 B.Th.U. 
per pound. This, when passed to the stili, in which it 
gives up heat to evaporate the water, follows the line 
BCDE and leaves at 213 deg. F., with sensible heat 
181-2 B.Th.U. per pound, having given up 1,220 — 
181-2 = 1,038-8 B.Th.U. per pound. The fresh water 
has taken 970 B.Th.U. per pound of this for its latent 
heat, leaving 1,038-8 — 970 = 68-8 B.Th.U. per pound 
available for sensible heat. The fresh water requires 
181-2 — (60 — 32) = 153-2 B.Th.U. per pound as sen- 
sible heat and 68-8 of this can be given in the still, 
leaving 153-2 — 68-8 = 84-4 B.Th.U. per pound to be 
supplied. The distilled water is at 213 . F. and 
thus has 181-2 — (80 — 32) = 133-2 B.Th.U. per 
pound to dis of in the cooler, giving the reserve of 
133-2 — 84-4 = 48-8 B.Th.U. per pound against loss. 

The energy given to the compressor motor is equiva- 


lent to 68-8 x apt 76-4 B.Th.U. per pound of dis- 


90 

: oa 76-4 1 

tilled water. This is only 1005-2 "14-3 
supplied in Fig. 8 in the live steam. This solution 
ignores heat losses by radiation in both cases. In an 
actual practical case, in which 278 gallons per hour of 
distilled water were produced, 79 B.Th.U. per pound 
was the equivalent energy supplied at the coupling, 


of the energy 


giving, on the basis of Figs. 8, 9 and 10, a ratio of a= 


with an output of 64-4 kW at the coupling and an elec- 
trical input of about 72 kW, giving an overall ratio 
of 19-48 

Although distillation units of this kind were used by 
the U.S. Forces for obtaining supplies of pure water, 
industrial applications have been mostly of Swiss 
origin. Thermal compressors are used in the chemical 
industry in the manufacture of pharmaceutical pro- 
ducts, for a dyes and for evaporating 
solutions and mixtures of two or more substances, and, 
in the foodstuffs industry, for concentrating fruit 
juices, for providing condensed and powdered milk and 
in the preparation of sugar and salt. 

The range of temperature is determined, firstly, by 
the lower temperature, namely, that chosen for the 
evaporation of the substance to be treated, and 
secondly, by the upper temperature to which the 
vapour driven off in the evaporation process must be 
raised, by increase of in the compressor, ia order 
that the heat transfer from the high-pressure and high- 
temperature vapour to the substance being evaporated 
may be satisfactory under the conditions prevailing in 
the installation. The orders of the pressures, and the 
corresponding saturation temperatures involved, will 
naturally depend on the su to be treated. 
Where possible, evaporation should take place at 
a pressure, so as to avoid the provision of 
special pressure-sealing devices for the glands of the 
compressor and a special pump to evacuate the con- 
densate and to discharge it to the atmosphere. Since 

T; 

1 — Te 
this ratio is higher for the same range of temperature, 
the higher the levels of the operating temperatures. 
There are, however, cases in which it is essential to 
carry out concentration or evaporation at low tem- 
peratures, although the saturation pressures ree A be 
much lower than atmospheric ; this applies particularly 
to foodstuffs, such as milk and fruit juices, in which high 
temperatures would affect their vitamin content. 

The energy supplied by the compressor must be 
sufficient, not only for the evaporation, but also to 
cover all heat quantities passing, in any way, from the 
installation, whether as parts of the processes or as 
thermal or mechanical losses. With efficient heat 
transfer in the evaporation process, the difference in 
the saturation temperatures of the high-pressure steam 
and of the boiling solution determine the necessary 
pressure ratio of the compressor. To this, however, an 
allowance must be added to take account of heat losses, 
unavoidable leakage, the formation ofdeposits on the 
heat-transfer surfaces, and the lag of the boiling point 


the Performance Energy Ratio depends on = 











of the solution. This lag is the difference between the 














ENGINEERING. 











boiling point of the solution and that of pure water, 
and tends to increase as the concentration proceeds. 
Incrustation of the surfaces can be reduced by suitable 
separators, dryers and washers. The possible corrosion 
of the materials of the compressor must also be taken 
into account. 

One installation, by Messrs. Brown, Boveri, in a 
foodstuffs factory is used, according to the seasons, for 
concentrating milk and unfermented fruit juices. Both 
products require low temperatures and thus evapora- 
tion pressures well below atmospheric. Up to 6,700 
gallons of fruit juices are treated daily, and it is claimed 
that the consumption of electrical energy is only one- 
ninth of that necessary with direct electrical heating. 
It is interesting to note that if the compressor were 
driven by an oil engine the power necessary, on an 
eight-hours day, would be about 130 brake horse-power 
or, if shift working were adopted, only about 44 brake 
horse-power. These values could be slightly reduced 
if the waste heat from the engine could also play some 
part in the thermal processes. The latter application 
would be possible in cases in which electrical power is 
either not available or is too expensive. 

A second and more complex installation is used for 
the production of salt ; it was installed for the United 
Swiss Rhine Salt Works, at Ryburg, Switzerland, by 
the Escher Wyss Company. The output of this instal- 
lation is 40,000 tons of salt per annum. Before con- 
version to operation with thermal compressors, the 
installation used the now obsolescent method of direct- 
heating for the evaporator pans. In 1941,* when the 
order was given for the conversion, a triple-effect 
vacuum plant was also under consideration and, with 
the price of coal then ruling, 85 Swiss francs per ton, 
was expected to give competitive results with those 
from thermal compressors ; but, whereas in the former 
the saving in coal expected was 66 per cent., with the 
latter a saving of 90 per cent. was thought reasonable. 
The plant was Lr into operation in 1942 and in the 
first year of working showed a saving of 14,000 tons of 
coal. Each kWh taken by the motors of the thermal 
compressors led to a saving of 49,400 B.Th.U. per hour. 
Using this value as a basis, the Performance Energy 
49,400 

= 14-5. 
3412 
Thermal compressors, therefore, give the opportunity 
of considerable savings in fuel. 

This account of the principles and conditions of 
operation of heat pumps and thermal compressors leads 
to the primary question as to how their use may improve 
fuel and power economy in this country and also bring 
about a better utilisation of labour ; it would be wrong 
however, to neglect the possibilities of producing such 
installations for export. Applications in Switzerland 
and in the United States have been directed to (a) space- 
heating, (b) air conditioning, which may include space- 
heating, space-cooling, humidifying and drying, and 
(c) industrial operations. Rivers, lakes, ground water, 
rasa and the earth serve as sources of low-temperature 

t. 

Leaving out of consideration the diverse conditions to 
be met in installations for export, conditions in Great 
Britain may be briefly stated: with its temperate 
climate, air-conditioning is not of such importance as 
in the United States, although more attention has 
recently been given to this subject in assembly halls 
and textile factories ; in comparison with Switzerland 
the winter conditions are not so severe ; finally, to the 
sources of low-temperature heat mentioned, the sea 
and tidal rivers form a valuable addition since, at 
reasonable depths, the actual temperatures will rarely 
fall below 40 deg., F. giving a smaller maximum range of 
temperature and a more favourable Performance Energy 
Ratio, and with no danger of freezing. 

In space-heating installations in Great Britain, sim- 
plicity and reliability have been the main considera- 
tions in the past, with fuel consumption a minor 
matter, and thermal efficiencies of 60 per cent. at full 
load, and much less at reduced loads, have been 
accepted. With electrically-driven heat pumps, as 
compared with boilers, for building heated for long 
periods, Mr. Sumner’s figures indicate a reduction per 
therm from 16-6 lb. of coal at the building being heated 
to 9-1 Ib. at the central station ; but a further point in 
favour of the heat pump is that, whereas the fuel con- 
sumption with banked fires in boilers can be consider- 
able, its stand-by consumption is nil: it can be 
switched rapidly from no-load to full-load when desired. 
At any load, assuming an overall efficiency of elec- 
tricity production and distribution of 25 per cent., a 
Performance Energy Ratio of 4 means that the heat, 
delivered when it is required, is equal to 100 per cent. 
of that supplied in the fuel at the power station. In 
special applications, such as for heat pumps in indus- 
trial applications in which, owing to smaller ranges of 
temperature, higher values of the Performance Energy 
Ratio may be attained, or in heating the water of swim- 
ming baths, in which this ratio may be double that 


Ratio of the thermal compressors is 








* Bulletin, Association Suisse des Electriciens, No. 16, 
1943. 





for space-heating, this relationship will be considerably 
higher than 100 per cent. 

To illustrate this, a type of building with a a 
good load factor will be considered, namely, one whic 
serves as a swimming bath in summer and as an 
assembly or dance hall in winter. An actual building 
in the southern counties is roughly of block form, 
200 ft. by 80 ft. by 40 ft. high, giving a volume of 
640,000 cub. ft., a wall area of 22,400 sq. ft. and roof 
and floor areas of 16,000 sq. ft., respectively. Of the 
wall area, 15-2 per cent. is taken by windows ; of the 
roof area, 15-0 per cent. is taken by double skylights. 
The building is modern, with brick walls and a concrete 
roof, asphalted ; heating is by coke-fired boilers ; panel 
heating is installed, the supply temperature being 
110 deg. F. and the return temperature, 90 deg. F. 
During the 30-week winter season, as an assembly hall, 
50 tons of coke are consumed, giving an average con- 
sumption of 1-67 tons per week; during the 22-week 
summer season, as a swimming bath, 40 tons are con- 
sumed, with an average of 1-82 tons per week. 

In winter, the building is occupied for, say, 36 hours 

r week, with a maximum load estimated at 950,000 

-Th.U. per hour. Allowing 30 per cent. for excep- 
tional conditions, this requires a boiler capacity of 
1,250,000 B.Th.U. or 12-5 therms per hour. Taking 
the liberal value for the mean efficiency of the boiler 
as 50 per cent., with coke of calorific value 12,000 
B.Th.U. per pound, the mean total load during the 
winter period is 133,000 B.Th.U. per hour; if a lower 
mean value is taken for the efficiency, the estimated 
mean load is reduced in _—. In summer, heat 
must be supplied, (1) for heating the water of the 
swimming bath when re-filled, and (2) to keep the baths 
hall and water at 72 deg. F. Maximum boiler capacity 
will be demanded for (1), and will determine the time 
of re-heating. The mean total load during the summer 
period is 183,000 x — = 145,000 B.Th.U. per hour. 

For comparison, three cases will be examined : (a) as 
recorded with the coke-fired boilers; (b) with one or 
more heat pumps, electrically driven from a central 
station, buring either coal of calorific value, 13,000 
B.Th.U. per pound or oil of calorific value 18,000 
B.Th.U. per pound with an overall thermal efficiency of 
25 per cent. ; (c) with one or more heat pumps, driven 
by one or more oil engines, of brake thermal efficiency, 
31 per cent., burning oil of calorific value, 18,000 
B.Th.U. per pound, 46 per cent. of the heat of the fuel 
being recovered from the waste heat of the engines. In 
winter, the range of working temperature of the heat 
pumps is such that a Performance Energy Ratio of 
3-5 is assumed ; in summer, the range is much smaller 
and a Performance Energy Ratio of 6 is taken. The 
data from calculations on this basis are set out in 
Table IV. 


TABLE IV.—Comparison Between Coke-Fired Boilers and 
Heat Pumps, Electrically and Oil-Engine Driven. 














Mean Fuel 
Consumption Thermal 
bod Efficiency = 
\ ity. “ eat 
Installation Capacity. ps 
Solid Heat in Fuel. 
Fuel. | Oil. 
(a) Boilers, coke-fired. . 12-5 (Coke) 
therms 
per hour 
Winter 1-67 — | 50 per cent. 
Summer 1-82 | — | 50 per cent. 
(6) Heat Pumps, driven} H.P.of | (Coal) | (Boiler 
by electric motors atone, oil) 
P.E.R., 3-5 Winter 0-88 | 0-64 | 87 per cent. 
P.E.R., 6 Summer 0-56 | 0-41 | 150 per cent. 
(c) Heat pumps, driven | H.P. of (Diesel 
by cheats engines, oil) 
P.E.R., 3-5 Winter — 0-36 | 155 per cent. 
P.E.R., 6 Summer — | 0-27 | 228 per cent, 

















The results show the saving in fuel, (1) at the central 
power station when heat pumps are electrically driven, 
and (2) when the heat pumps are driven by oil engines. 
The oil engine-heat pump combination in particular, 
is most attractive, especially when space is a major 
consideration. 

With a building, such as the King Alfred, at Hove, 
with two baths, the smaller of which is in service in 
winter, the total plant capacity may be kept down by 
mcg: bag re-heating of the swi bath to those 
hours w: the building is closed and therefore the 
building-heating load is comparatively small. The 
heat pumps not in use may then be for the 
restricted temperature range associated with the higher 
Performance Ratio and in this way ~~ 

vide the increased capacity necessary to complete 
the te-heating in a senha short interval of time. 
Furthermore, in summer, with two swimming baths in 
service, the second being of much greater capacity 
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than the first, the bath load immediately after washing 
down the filters may be greater than the winter buildin 
heating load. Ordinarily, this would call for increase 
boiler capacity but, as a result of the higher Performance 
Energy Ratio of heat pumps with a restricted tempera- 
ture range, this load may be carried without increas. 
ing their sizes. 

At first sight it would appear necessary, in order to 
bring about these desirable reductions in the total 
consumption of fuel, to provide additional electrical 
generating and distributing equipment, as well as to 
substitute new heat pumps and electric motors for 
boilers in the heating installations. This leaves out 
of account the very important question of load factor, a 
matter brought forcibly to our notice by the electricity 
cuts found necessary in cold weather, owing to the 
increased use of direct electrical-heating appliances, 
Given suitable heat-storage equipment at the place 
where heat is required, the electrical power could be 
taken during off-peak periods only, and the present 
generating and distributing equipment could not only 
meet the demands, but actually do so with a higher over. 
all efficiency, following the improvement in their load 
factor. For consumers, heat pumps can be controlled 
thermostatically, with a saving of labour for stoking ; 
the improved cleanliness might again be emphasised. 

Where a source of low-temperature heat is available, 
and there are few places where, in the absence of water, 
the subsoil would be unsuitable for the earth to provide 
this, the direct use of electrical heating on a large scale 
cannot be defended. All background heating in new 
large buildings, such as hotels and blocks of flats, 
should be by hot water heated by heat pumps to not 
more than 120 deg. F. In particular, in such buildings 
in seaside towns, as at Brighton, an excellent oppor- 
tunity is afforded of reducing heating costs to the occu- 
piers as well as the national consumption of coal. 

In industrial applications, the larger organisations, 
with their well-qualified staffs, will certainly have 
investigated fully the thermal efficiencies of their plants; 
but there are many smaller organisations in the plants 
of which considerable quantities of heat are wasted in 
water vapour, in warm moist air or in warm water. 
In such cases, careful investigation into the possibilities 
of avoiding waste by installing heat pumps or thermal 
compressors would be well worth while. Better 
efficiencies of power production in central stations 
have been achieved chiefly through the greater use of 
mechanical equipment ; this tendency should similarly 
be extended to the field of fuel and — utilisation. 
Any reduction in the wasteful use of fuel and energy 
is welcome nationally, and if reduction is brought about 
by substituting mechanical aids for low-grade manual 
labour, this is all the more desirable. 





ANNUALS AND REFERENCE BOOKS. 


Anglo-American Year Book, 1948.—The 36th edition, 
that for 1948, of The Anglo-American Year Book has 
been published by the American Chamber of Com- 
merce in London, 7, York Buildings, Adelphi, W.C.2. 
It contains much of interest to professional and 
business men on both sides of the Atlantic, a par- 
ticularly useful feature being the commercial directory 
of firms engaged in Anglo-American business. This 
section occupies over 200 pages, or about half the 
available space, and contains, in one alphabetical list, 
the names and addresses of American firms with their 
representatives in this country and the names and 
addresses of British firms doing business in the United 
States and their American representatives. Other useful 
features are a directory of members of the American 
Chamber of Commerce in London, chapters on “‘ English 
Law for Americans ” and ‘“‘ American Law for Britons,” 
and particulars of branches of American associations, 
societied and clubs in this country. The price of the 
Year Book is 15s. net. 

Directory of Quarries, Clayworks and Sand and Gravel 
Pits, 1948.—The contents of this directory, now in its 
11th edition, are divided into three main sections. The 
first constitutes a general list, in alphabetical order, of 
quarries, clayworks, and sand and gravel pits. The 
particulars given for each undertaking include the 
office address, telephone number and_ telegraphic 
address ; the name and situation of the firm’s quarry, 
works or pit; and succinct information regarding the 
products available. The second section consists of 4 
geographical list of quarries, clayworks, and sand and 
gravel pits, arranged under counties in alphabetical 
order, while in the third section is given a list of quarries 
and pits classified according to their main products. 
A short final section contains particulars of associations, 
societies and other organisations connected with the 
quarrying and allied industries. The publishers, 
Messrs. The Quarry Managers’ Journal, Limited, Salis- 
bury Square House, off Fleet-street, London, E.C.4, 
state that owing to the paper position the directory of 
proprietary names has had to be omitted but will be 
reintroduced as soon as circumstances permit. The 
price of the directory is 10s. 6d. net. 
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THE DESIGN AND CON- 
STRUCTION OF THE 
ANDERSON RANCH DAM. 


By Ex.tis L. ArMstrona. 
(Concluded from page 291.) 


Not many years ago, it was generally accepted 
that, to be safe, the height of an earth embankment 
should not exceed 100 ft. Some of the important 
factors which have contributed to the abandonment 








of this 100-ft. limitation are the understanding of 
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the relationship between moisture and density of 
earth material as placed, the consolidation that 
occurs in the embankment, and the resulting effect 
on the stability of the completed dam. Extensive 
studies of the embankment materials for the 
Anderson Ranch Dam were undertaken to determine 
the moisture range at which the materials could be 
placed with maximum stability. From generally 
accepted principles concerning moisture-density 
relationships, there is a moisture content of a soil 
that will produce a maximum density with a given 
compactive effort. As the compactive effort is 
increased, the optimum moisture content decreases. 

Two factors serve to establish the limit of wetness 
of the moisture range. One is the practical con- 





sideration that the embankment must not be too 
soft to permit economical operation of heavy con- 
struction equipment. The other is that the moisture 
content must not be high enough to result in ob- 
jectionable pore pressures developing in the embank- 
ment as it consolidates. Two factors also establish the 
dryness limit. One is that the moisture must not be 
decreased to such an extent that the compactive 
effort necessary to obtain the required density is too 
great from the economical standpoint, and the 
other is that it must not be decreased to a point 
where saturation by reservoir waters will result in 
sudden settlement with probable resulting insta- 
bility. Studies of the Anderson Ranch materiale 
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test. 


as construction proceeded. 





indicated that, for the desired density, the material 
should be placed about 1} per cent. dry of laboratory 
optimum as established by the standard compaction 
(Earth material placed in a 1/20 cub. ft. |! : . 
container in three layers and each layer compacted | in the embankment pores. All piezometer readings 
by 25 blows of a 5-5 lb. hammer falling 18 in.) 
This desired moisture content gave a resistance to 
penetration needle reading of from 1,000 Ib. to 1,500 | 424 ‘ 
Ib. per square inch, and was about the optimum| indicate the three sections of the embankment, 
moisture content for the heavy rollers used. This | constituting the impervious, semi-pervious and 
preliminary testing served as a rough guide for | Pervious zones. 

control and was supplemented by additional testing 





the characteristics of the materials established. 
From this information, a plan of operation of the 
borrow areas was worked out to produce materials 
suitable for the different zones of the embankment. 
The Dixie borrow area was practically homogeneous 
except for some areas of high moisture content, and 
the operations in the pit were dictated largely by 
construction considerations. The Whipple borrow 
area was zoned in detail. This testing work con- 
tinued throughout the embankment construction 
period. Fortunately, the moisture content of the 
materials in the borrow areas was in most instances 
very hear optimum, thus the moisture was easily 
controlled at the embankment. When necessary, 
moisture was added by sprinkler trucks. When 
materials too wet were received on the embankment, 
they were dried, out before rolling proceeded. The 
penetration resistance needle was used as an indi- 
cator of moisture content, supplemented by labora- 
tory tests. 

Two or more density test samples were taken in the 
embankment each shift and averaged one test to 
about 2,000 cubic yards of rolled embankment. A 
total of 3,740 density test samples were taken during 
the construction of the embankment. Tests were 
made in areas wherever the compaction was ques- 
tioned by the inspectors and results were obtained 
from the laboratory in time for corrective measures 
to be taken when necessary. Fig. 29, on this page, 
shows an observer engaged on a density test in the 
compacted embankment. Sand of a known density 
was used to determine the volume of a hole from 
which a sample had been taken. A systematic 
pattern of record density was made to enable a 
detailed study of the results of various laboratory 
tests to be collated with the study of the actual 
behaviour of the embankment as revealed by testing 
apparatus installed in the embankment, and by 
external observations. 

Piezometers were installed in the embankment to 
measure the pore pressure that developed during 
construction and reservoir operation. The soil 
mass in the embankment is made up of soil particles, 
air, and water. As the mass consolidates under 
load, volume change can take place only by the 
extrusion of air and water or by decreasing the 
volume of air. In the centre of an impervious zone, 
as at the Anderson Ranch Dam, where the percola- 
tion rate is 0-05 ft. per annum, the extrusion of the 
pore fluid is a slow process, requiring years; thus 
the volume change must take place by decreasing 
the volume of air. Some air goes into solution, but 
the remainder follows Boyle’s law as the volume is 
decreased and pressures are built up. These pres- 
sures reduce the contact pressures between the soil 
grains and thereby reduce the stability of the 
embankment. 

The piezometer apparatus consisted of }-in. dia- 
meter plastic tubings filled with water and connect- 
ing tips at various locations in the embankment 
with gauges located in a terminal well at the down- 
stream toe of the dam. Pressures developed in the 
embankment acted through a porous dish in the 
tip on to the liquid in the tubes and were recorded 
at the terminal well gauges. The tips and tubings 
were installed by placing them in small trenches 
dug across the embankment during construction. 
Thirty-one tips were placed in the dam. The 
pressures developed during construction are illus- 
trated in Figs. 30 and 3]. Fig. 30 shows the pres- 
sures at the end of the 1945 season when 310 ft. 
of embankment had been placed above the bottom 
of the cut-off trench, and Fig. 31, the indicated 
pressure at the end of 1946 season with 410 ft. of 
embankment placed. The maximum pressure re- 
corded at one point near the centre of the imper- 
vious section indicated that 75 per cent. of the 
load above was being carried by the air and water 


shown in Figs. 30 and 31 are in feet of water. Those 
enclosed in brackets were regarded as invalid 
and were not considered. The figures in circles 


Apparatus was installed to measure the settle- 
ment of the foundation under the dam and the con- 


The borrow areas were explored in detail with | solidation within the embankment itself as it was 





test pits and auger holes on about 200-ft. centres and | constructed, and after construction was completed. 
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The arrangement consisted of a series of alternating 
pipe sections, 14 in. and 2 in. in diameter, the smaller 
pipe telescoping inside the larger. The 1}-in. dia- 
meter pipe sections were anchored to the embank- 
ment by means of 3-ft. long cross-arms, bolted and 
welded to the pipe. The arrangement is shown in 
Fig. 32, on this page. Any movement of the 
embankment was communicated to the 1}-in. dia- 
meter pipe sections, but any displacement to which 
they were subjected was not transmitted to the 2-in. 
pipes, nor to the system as a whole. Cross-arm 
connection to the pipe system was made every 5 ft. 
during the construction of the embankment. Settle- 
ment was measured by lowering an engaging device 
down the pipe system; this caught at the bottom 
of the 1}-in. diameter pipe sections and enabled the 
position of these sections to be read off from a scale 
at the top of the pipe system. The operation is 
illustrated in Fig. 33, herewith. The system 
enabled the elevation of each of the 1}-in. pipe 
sections to be determined down through the full 
depth of theembankment. On reaching the bottom, 
the engaging pawls were latched shut by the weight 
of the sliding part of the device, thus enabling it to 
be withdrawn from the system. 

Two installations were made in the dam; one with 
74 cross-arms, above the centre of the cut-off trench, 
the other, with a total of 59 cross-arms, being located 
downstream from the cut-off trench excavation. At 
the completion of the embankment construction, a 
total accumulated consolidation of 11-3 ft. had been 
recorded in the 365 ft. of embankment measured by 
the upstream system. Measurements indicated that 
the foundation rock had settled 0-1 ft. Under the 
downstream system, the 115 ft. of foundation sand 
and gravel material had settled 4-2 ft. and the 
accumulated consolidation in the 300 ft. of embank- 
ment through which the system extended was 6-2 ft. 

The excavation of the spillway was started at the 
top of the abutment and was one of the first opera- 
tions started on the project. Slides developed on 
the abutment above the excavation and 1,750,000 
cubic yards of material were removed to stabilise the 
slope. The excavated material was used in the 
embankment as has been described. The excava- 
tion for the channel was carried down the slope in 
benching operations ; in most instances the rock 
was pushed over the edge of the bench and was 
picked up at the foot of the slope and placed in the 
embankment. The large amount of rock in the 
outlet structure, stilling-basin and power-house 
area was dealt with by blasting and was excavated 
in 15 ft. to 20 ft. lifts, the spoil being placed 
directly into the embankment rock-fill section. A 
general view showing the state of the work in this 
part of the project in December, 1947, is reproduced 
in Fig. 34, on this page. At this stage, concrete had 
been placed for the gate structure and for part of 
the way down the spillway, as can be seen in the 
illustration. Excavation for the spillway stilling 
basin was in progress. Construction of the power 
house had not begun, but excavation for the foun- 
dations was completed. 

The concrete plant was located downstream from 
the power house and stilling-basin area. The plant 
consisted of four steel bunkers elevated above the 
batching bins and concrete mixers. Aggregate was 
batched in two 3,000-lb. capacity weighing hoppers 
set over the mixers. Two l-cubic yard non-tilting 
mixers were set side by side and discharged the 
mixed concrete into pneumatic guns or agitator 
trucks for transport to the placement areas. Cement 
was added at the hoppers by sack dumping until 
1944 when facilities for handling bulk cement were 
installed. The original aggregate-storage bins con- 
sisted of six 100-cubic yard compartments set below 
ground near the plant, into which the aggregate was 
dumped from trucks. The aggregates were elevated 
to the batching bunkers by a ?-cubic yard clamshell 
grab. Steam pipes were installed in the storage 
bins to heat the aggregate for cold weather opera- 
tions. In the autumn of 1942, side hill aggregate 
bins were constructed and provided storage for 
10,000 cubic yards of aggregate. The bins dis- 
charged in a reclaiming tunnel on to a conveyor 
belt which transported the aggregate to the batching 
bunkers. 

Concrete for the job will total approximately 
100,000 cubic yards. Concrete aggregate was 
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Fie. 33. SETTLEMENT MEASUREMENT IN PROGRESS. 


Fic. 34. Spmuway anv Settrine Bastin, DecEeMBER, 1947. 


obtained from gravel deposits in-the river flood plain 
areas upstream and downstream from the dam. 
These deposits were processed into sand and three 
sizes of gravel. Very little waste resulted from 
the processing of the deposits. Sufficient concrete 
aggregate to complete the job has been processed and 
is now in the stockpile. Concrete mixes were 
carefully designed to give a minimum cement content 
consistent with workability and the required water- 
cement ratio. The normal mix used for the 1}-in. 
maximum size aggregate was 1:2-5:4-0; cement, 
sand, and gravel proportions by weight. For 3-in. 
maximum size, a mix of 1 : 2-6: 5-9 was normally 
used. Adjustments were made in these mixes for 
different water-cement ratios and to adjust for 
minor variations occurring in the aggregate grading. 
A water-cement ratio of 0-57 by weight was used for 
the unexposed concrete. For concrete permanently 
exposed to freezing and thawing, the water-cement 





ratio was reduced to 0-50 and an air-entraining 
agent used to increase durability. Sufficient air- 
entraining agents were added to the mix to provide 
an air content of about 5 per cent. Strict control 
of the batching and mixing operations was main- 
tained to produce uniform, workable, and quality 
concrete. Slumps were usually limited to less than 
3in. Placing methods were used to prevent segrega- 
tion and to produce uniform dense concrete. Air- 
powered vibrators were used for compaction pur- 


The reservoir inundated a county road which 
extended up the river valley, as well as Forest Ser- 
vice roads extending from the river valley up some 
of the tributary creeks. To provide access to the 
ranches, timber areas, mining properties, and 
recreational areas above the reservoir, approxi- 
mately, 30 miles of gravel-surfaced roads, 16 ft. in 
width were constructed. Approximately half of 
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this mileage was heavy construction along the steep 
side slopes of the canyon above the reservoir. Three 
bridges across the river in the reservoir area were 
dismantled and reconstructed at new locations on 
the re-located road. The reservoir area is being 
cleared of all brush and timber, the clearing opera- 
tions involving approximately 4,750 acres. The 
merchantable timber has been used and the remain- 
ing trees and brush stacked and burned. The 
village of Pine, located in the upper reservoir area, 
will be inundated and the town properties have been 
purchased and will be salvaged. 

Anderson Ranch Dam construction is under the 
direction of the Bureau of Reclamation, a part of 
the United States Department of the Interior. The 
dam was designed and is being constructed under 
the direction of the Chief Engineer’s Office in Denver, 
Colorado. Mr. Walker R. Young is the present Chief 
Engineer and Mr. K. B. Keener is Chief of the Dams 
Division. Mr. John A. Beemer was Construction 
Engineer in charge at the dam until his retirement 
in 1944. He was succeeded by Mr. H. F. Bahmeier. 
Mr. Donald 8. Walter is the present Construction 
Engineer. All Bureau of Reclamation work is 
under the general direction of the Commissioner’s 
Office at Washington, D.C., where Mr. Michael W. 
Straus is the present Commissioner. The dam is 
located in Region 1, of which Mr. R. J. Newell is 
Regional Director. The work performed by the 
original contractor, Messrs. Morrison-Shea-Twaits- 
Winston, was under the direction of Mr. V. A. 
Roberts, project manager, Mr. C. 8. Bradley, 
assistant project manager, and Mr. William V. 
Woodall, general superintendent. 
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Photoelectric Celis in Industry. By R. C. WALKER, B.Sc. 
(Lond.), A.M.I.Mech.E., A.M.I.E.E. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 40s. net.] 

THE various photo-electric devices which have 

grown up with the science of electronics during the 

past 30 years offer attractive possibilities in indus- 
try, and their applications to such purposes have 
extended so quickly that many technical men are 
unaware of the range of problems in which they 
have proved successful. Others, who know some- 
thing of what photo-electric cells can do, and 
perhaps have experience in using them, find diffi- 
culty in keeping abreast of developments, both in 
the cells themselves and their associated circuits, 
and. consequently may fail to take full advantage 
of all that is known on the subject and all that is 
available in the way of equipment. To such readers, 
and to engineers generally who wish to use photo- 
electric apparatus rather than to theorise about it, 
this book is addressed by an author who has 
specialised knowledge and experience of his subject. 

Realising how essential those qualities are if his 
treatment is to be practically valuable as well as 
accurate, Mr. Walker has excluded from his book 
any reference to the selenium resistance bridge ; 
not because it does not fill a valuable place in 
industrial control equipment, but because it falls 
somewhat outside his intimate experience. The 
scope of the book therefore embraces true photo- 
electric cells, in which luminous radiation produces 
an electron emission from an activated surface, and 
rectifier cells. In the early chapters, the funda- 
mental properties of photo-emission are discussed 
in relation to elementary and modern types of cells, 
including multiplying devices, representative relay, 
amplifier and measuring circuits being instructively 
described in simple language with a minimum of 
electronic theory. Two other introductory chapters 
deal, respectively, with accessory electrical equip- 
ment and with alternative light sources and optical 
arrangements for use with photo-electric apparatus. 

A satisfactory foundation is thus laid for the 

consideration in detail of photo-electric circuits 

applied to such purposes as counting and record- 
mg impulses, controlling machinery, actuating 
alarm signals and measuring light. The highly 
developed applications of photo-electric devices in 
sound reproduction and in the transmission of tele- 
vision and facsimile still pictures are all adequately 











explained in terms as clear as the complexity of the 
subjects will permit. 

The general interest of these later chapters is 
enhanced by the inclusion of a certain amount of 
historical matter, and the reader who has studied 
the introductory part of the book should grasp 
with far more enjoyment than difficulty the essen- 
tials of a specialised branch of photo-electric tech- 
nology that has by no means reached finality. 
Electrical engineers, research workers and physicists, 
in addition, should find, in the great variety of 
miscellaneous applications which the author has 
assembled, a stimulating source of ideas for experi- 
mental measurements and means of improving 
industrial processes. The representative biblio- 
graphy which Mr. Walker has appended to each 
chapter is not only helpful to technical readers, but 
is also evidence of his extensive knowledge of 
the subject. He writes with such clarity and interest 
that industrial executives whose science has grown 
rusty with neglect can be recommended to buy 
and study this book in the confidence that few 
will do so without coming across a few suggestions 
of potential profit. 


Modern Operational Calculus. By N. W. McLacatan, 
D.Se. Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 21s. net.] 

In recent years, the outstanding work of Heaviside 
on the application of operators in mathematical 
physics has gradually given place to the “ opera- 
tional calculus,” a very efficient method of solving 
ordinary and partial linear differential equations 
in which use is made of the Laplace transform. 
The procedure is of real value to the technologist 
because of its utility in the solution of linear differen- 
tial equations which are commonly met with in the 
study of dynamical systems, whether electrical or 
mechanical, but it is not so well understood as it 
should be by students of the mechanical sciences, 
owing largely to the fact that a working knowledge 
of the functions of a complex variable is required 
for the purpose. In his book, Dr. McLachlan goes 
far to meet the needs of such readers by devoting 
the first two chapters to the definition and i 
of the Laplace transform and to proofs of the more 
important rules of the calculus. It is well to have 
the foundations of the subject established on a sound 
basis and in a manner which can be appreciated by 
the post-graduate student, and it is instructive to 
find a number of original theorems incorporated 
into the text of Chapter IT. 

The practical value of the treatment owes much 
to conciseness of expression and to appreciation 
of the technologist’s approach to advanced mathe- 
matics, as these characteristics facilitate progress in 
passing from the consideration of the formal analysis 
to applications of the method. In Chapters III and 
IV, for example, the author expounds the solution 
of ordinary and partial differential equations with 
constant coefficients and, with the help of numerous 
illustrative examples, brings the theory into close 
relationship with practical considerations. Those 
approaching the subject for the first time will find it 
worth while to work through all the examples in 
this part of the book, and to utilise wherever possible 
the Mellin inversion theorem, which is of funda- 
mental importance in the modern study of the sub- 
ject. The evaluation of certain types of finite 
and infinite integrals and the expansion of functions 
is another branch in which the rules of the calculus 
may be applied with advantage, as is demonstrated 
in the next chapter. Thus the student is introduced 
to the process of deriving Laplace transforms of 
given functions, and is shown how and why it is 
frequently expedient to employ various artifices for 
simplifying the analysis. 

Inclusion of a modern treatment of periodic 
impulses of finite and of infinitesimal duration by 
the method of complex integration is welcome, 
since many problems come under this heading. 
Those on the theory of electric circuits, for instance, 
often involve the study of events following the 
application of impulsive forces of electromagnetic 
origin to linear circuits. A full treatment of 
impulsive functions presents considerable difficulties, 
but the exposition of the matter in Chapter VII 





forms a commendable introduction to a branch of 
mathematics which offers scope for further research 
on the part of those acquainted with complex 
integration. In due course, undoubtedly, the book 
will come to be ranked as an authority for consulta- 
tion on the application of the operational calculus 
to engineering problems. 





Plasticity in Engineering. By Proressor F. K. TH. VAN 
ITERSON. Blackie and Son, Limited, 66, Chandos- 
place, Strand, London, W.C.2. [Price 8s. 6d. net.] 

In these days, the general problem of plasticity 
plays an important part in the consideration of the 
particular combination of stresses causing failure, 
whence it appears that applications are to be found 
in the development of materials for certain forming 
operations, the design of guns, soil mechanics, 
geology, and seismology. In the case of the 
strength of materials, approach to the problem is 
difficult from either the experimental or the theore- 
tical side, since beyond the yield point the ordinary 
kind of strain measurements cannot be translated 
in terms of stress, and no equations for the process 
have been derived from purely theoretical reasoning. 
From this and the fact that the utility of complex 
and large structures often depends on the plastic 
properties of the material, it is clear that the 
accumulation of experimental data is of first import- 
ance to the designer of such structures. In his book, 
Professor van Iterson throws further light on the 
subject by introducing an idea of plastic flow which 
differs in noteworthy particulars from that presented 
by Dr. Nédai in his well-known work on plasticity 
and, at the same time, elucidates the matter by 
reference to tests which have not been published 
previously. 

Starting with the elementary concepts of internal 
strain and plasticity, the author discusses in a con- 
cise, yet informative, style such details as deforma- 
tion at sharp corners, and between parallel and 
inclined plane surfaces, before turning to the 
consideration of plastification caused by the relative 
movement of material in the annular space between 
two concentric cylinders, a simple example of which 
occurs in the cutting of clay with a wire. In this 
manner the reader arrives at Chapter X, where the 
laws of three-dimensional plastic flow are formulated 
on the basis of tests specially arranged for the 
purpose. The treatment here and in other sections 
of the book is greatly enhanced by the use of the 
concept of a plastic sector for exhibiting the distri- 
bution of strain, which has much to do with the 
patterns that frequently appear with remarkable 
regularity and symmetry on the surface or in the 
section of a specimen stressed beyond the propor- 
tional limit of the material. The value of this 
concept is best illustrated, perhaps, in Chapter 
XXIII, on application of the theory to particular 
problems, of which the plastic region of a rounded 
groove in a bar under tension and of material 
subjected to the action of a cutting tool are typical 
examples. 

Throughout the 27 chapters of this study of the 
numerous ramifications of the subject, the serious 
reader will find much useful information concerning 
recent research. He will also find occasion to 
review his theoretical knowledge, as may be indi- 
cated by reference to the chapter under the heading 
“Do Slip Planes Occur in Plastic Flow?” After 
remarking that, in the plastic state, the material 
resembles a liquid, with the difference that in a 
liquid the three principal stresses are alike, whereas 
in a solid they may be all different, Professor van 
Iterson proceeds to show that any conception 
of slip planes is misleading. The book will un- 
doubtedly receive the attention it deserves in the 
laboratory and drawing office, as well as in the class 
room. 





ROYAL AERONAUTICAL SOCIETY CONVERSAZIONE.— 
The Royal Aeronautical Society is to hold a conver- 
sazione on Friday, October 20, from 8 p.m. until mid- 
night, in the Science Museum, South Kensington, London, 
S.W.7. The President, Dr. H. Roxbee Cox, D.LC., 
F.R.Ae.S., and Mrs. Roxbee Cox, will receive members 
of the Society and their friends from 8 to 9 p.m. 
Application for tickets should be made to the secretary, 
4, Hamilton-place, London, W.1. 
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CONTINUOUS FUEL-INJEC- 
‘TION SYSTEM WITH 
ROTATING FUEL CHAMBER. 


By A. Muraszew, Ph.D., Dipl. Ing.(Warsaw), 
A.F.R.Ae.8. 


Ons of: the important requirements in turbine 
engines for aircraft is the burning of large quantities 
of fuel in a relatively small combustion chamber. 
Among other factors, the efficiency and intensity 
of the combustion process depend greatly on the 
degree of fuel atomisation achieved and on the 
arrangements for bringing the combustion air into 
intimate contact with the fuel particles in the 
shortest possible time. The time for complete 
combustion of the fuel particles will determine the 
minimum length of the combustion chamber; thus 


Fig. 1. 
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an improvement in fuel atomisation will have a 
beneficial effect on combustion-chamber size. 

In existing fuel systems for gas turbines an 
improvement in atomisation will require an increase 
in injection pressure, which would impose new 
requirements on fuel pumps, already working under 
severe conditions of high pressure (up to 1,000 Ib. 
per square inch), and high output (up to 1,000 
gallons per hour). With the fuel-injection system 
proposed, below, relying on centrifugal force to give 
the required injection pressure, the advantages are 
as follows: good atomisation of the fuel over a 
wide range of load and speed, this atomisation 
improving with increasing speed ; the fuel pump is 
subjected only to low pressure, and high-pressure 
fuel pipes are eliminated ; improved air-fuel mixing 
conditions, giving the possibility of increased com- 
bustion intensity. 

In the proposed fuel system the atomisation of 
the fuel is achieved by the centrifugal force of the 
fuel rotating with the fuel chamber, which can 
conveniently be fitted on the existing compression- 
turbine shaft, as shown in Fig. 1. Experiments at 
Porton Laboratory on the atomisation of liquids 
by a rotating disc have shown the spray to be 
remarkably homogeneous and composed mainly of 
fuel droplets of the same size surrounded by very 
small “secondary” droplets. The very small 
droplets, although only a trifling proportion of 
the total volume of fuel, may, however, be very 


useful in the initiation of combustion. The rotating 
fuel chamber may form also one end of an annular 
combustion chamber and atomised fuel is discharged 
from the fuel chamber through a series of plain 
orifices placed conveniently around the outer part 
of the fuel chamber, or from a circumferential slot, 
as shown in Fig. 7. Fuel is delivered into the fuel 
chamber through a non-return valve from a fuel 
pump which delivers against the relatively low 
pressure at the centre of the chamber. The fuel 
supply from the pump can be conveniently delivered 
to the fuel chamber through the compressor-turbine 
shaft. The fuel sprays discharged from the orifices 
can be directed in relation to the air flow so that the 
relative velocity is increased ; this would improve 
both the atomisation and the mixing . The 
high tangential velocity of the fuel droplets issuing 
from the discharge orifices is also an important 
factor in improving the atomisation. 

The conditions of fuel discharge and spray 
atomisation existing in such a fuel-supply system 
are illustrated by the following theoretical analysis, 
with a practical example worked out as an illus- 
tration. The hydraulic pressure exerted by the 
liquid enclosed in a vessel, as shown in Fig. 2, and 
rotating with the vessel with a given angular 








velocity, can be expressed in terms of the dimen- 
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of the fuel chamber and the density of the 

The following notation is used : 

= total area of discharge orifices. 

= centrifugal force. 

pressure due to centrifugal force. 

maximum internal radius of fuel chamber. 

radial thickness of liquid layer. 

angular velocity of fuel chamber, in radians 
per unit time. 

discharge coefficient of orifice. 

axial velocity of fuel at discharge from the 
orifice. 

tangential velocity of fuel at discharge from 
the orifice. 

resultant velocity of fuel at discharge from the 
orifice. 

density of fuel. 

specific weight of fuel = pg. 

surface tension of fuel. 

gravitational acceleration. 

width of the fuel chamber at radius r. 

For a small element of fuel, contained between 
cylinders of radii r and r+ ér, the centrifugal 
force (see Fig. 2) is 

SF = p2rrdrzr w*. 
This acts on a surface of area 2rr x. 
Hence the pressure due to the element of fuel 


RaeR gv 





ip = i = pr w* dr, 
area 








and the total pressure 


R 
»-( pw rdr 
Ri-t 
= tp w{R* — (R — ¢)} 
= +p w* (2 Rt — #) 
The axial discharge velocity is given by 


Vag =¢ 


and substituting the value of p from (1) 
Va =cVw' (2 Ri — &) 
=cwV/2Rt—#. (2) 
From equation (2) it is seen that, for given values 
of R and ¢, the axial velocity is independent of the 
fuel density and is proportional to the angular 
velocity w. 
The quantity of fuel discharged in unit time is 
Q=AVgw =AwewV2 Rt — A. (3) 
For constant values of A, w,c, R, and t, Q is propor- 
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tional to w and would be represented by the straight 
line 1 in Fig. 3. If curve 2 on the same diagram 
represents the actual fuel consumption of an engine, 
then for a given speed and with a constant orifice 


area A, 
Qi V2R4 - 4 
Q.” Vir, —e 
Assuming that ¢,? and ¢,* are small compared with 
the product 2 Rt, we have, 


t 
Q - /'* approximately. 
2 


Qs 
(Equation (5) should only be used as a first approxi- 
mation ; r use equation (4).) Then, if, 
by means of a suitable fixed orifice, a given metered 
quantity of fuel, corresponding to the engine con- 
sumption, is delivered to the fuel chamber, this 
fuel will subsequently be discharged from the 
chamber by a suitable automatic change in the 
thickness of the fuel layer. If the curve repre- 
senting the engine consumption lies above curve 1, 
Fig. 3, characterising a given orifice area, the 
quantity of fuel delivered into the combustion 
chamber will increase the value of the initially 
assumed thickness ¢ until the velocity v, has 
increased sufficiently to bring equilibrium between 
the rates of fuel delivery to and discharge from the 
fuel chamber. The reverse will happen if the curve 
of engine consumption lies below curve 1, and the 
decrease in ¢ will reduce V,. 

The above indicates the method of calculating the 
orifice size for an engine of given fuel consumption. 
Knowing the engine fuel consumption as a function 
of w (curve 2, Fig. 3), a straight tangential line 
(curve 1, Fig. 3) may be drawn, representing the 
fixed orifice discharge. The tangent of curve 1 
gives 


(4) 


(5) 


Q a) 
= =AwceV2Rh — 
from which the area 
5 ao Maen of cutve 1 (6) 
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The value of ¢, must be selected, and other values 
of t, corresponding to other points on curve 2, can be 
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calculated srpreximetoly from equation (5), or 
more accurately from equation (4). 

Reference has been made already to the experi- 
ments at Porton, where the spray from a rotating 
disc was found to be very uniform, with “ second- 
ary” droplets of very small size which would be 
useful in initiating combustion. The experiments 
were carried out with discs of small size (1 in. to 
1-5 in. diameter) rotating at very high speeds, and 
the droplet diameter, d, was found to be given by 
_ 317 apie 

w 2Rp 
where w is the angular speed of the disc in radians 
per second, and R is the outer radius of the disc. 

An estimate of droplet size may be obtained also 
from the Triebnigg formula, derived to apply to the 
conditions of the more conventional fuel sprays. 
This is 


d (7) 


4y 
. ¥ par™ 
where pz, is the air density, v is the relative velocity, 
and # is the air resistance coefficient. 

The discharge of fuel from a circular slot at the 
periphery of the fuel chamber would be expected 
to give a spray similar to that obtained at Porton 
from a rotating disc. The discharge from a series 
of orifices would result in a less homogeneous spray, 
but gives a better possibility of directing the spray 
in the desired direction. Besides the axial velocity 
of the fuel, as calculated from equation (2), the 
tangential velocity of the spray due to the rotation 
of the chamber contributes to the atomisation 
process. The resultant velocity v, (see Fig. 4, page 
316) is given by 





(8) 








r= Ve + of 
= Vc8 w? (2 Rt — @) + w® R? 
-wV@QRt-® +R. . . (9) 


In reality, the relative velocity between fuel and 
air will be rather less than v,, as the air close to the 
rotating surface tends to move with it ; this reduces 
the effective value of the tangential velocity v,. 

The rotation of the fuel nozzles assists in distri- 
buting the fuel throughout the air, and the small 
penetration of the spray. indicated by the Porton 
experiments should lead to ignition within a short 
distance. A suitably controlled movement of the 
air in the combustion chamber, as, for example, 
with a swirl in the opposite direction to the rotation 
of the chamber, would contribute to fuel dispersion 
and also to improved atomisation. The fuel sprays 
from the orifices may be suitably directed to ensure 
a sufficient fuel concentration near the centre of 
the combustion chamber, as indicated in Figs. 5, 
6 and 7, page 316. 

The following dimensions and physical properties 
are assumed in the following example : 

R = radius to periphery 

of fuel chamber = 7 in, 

fo = thickness offuellayer = 1-5 in. 

ce = discharge coefficient 


of orifices = 0-8 
y «= air resistance co- 
efficient = 0-24 


= specific weight of fuel 
y = surface tension of 


0-028 Ib. per cub. in. 


fuel = 0-:000137 Ib. per in. 
p = density of fuel = 0-0000728 Ib. in.—‘. 
sec.” 


Wg = specific weight of air = 0-000047 Ib. per 
<2 cub. in. 
w «= angular velocity = 0-1047 n rad. per sec. 
n = speed in r.p.m. 
The injection pressure is given by equation (1). 
For n = 1,000 r.p.m. 
p =.4 x 0:0000728 x 104-77 (21 — 2-25) 
= 7-48 Ib. per square inch. 


Pressures are calculated similarly for imcreasing 
values of m, giving rapidly increasing pressures as 
the speed rises. At 12,000 r.p.m. the pressure is 
1,077 lb. per square inch, which is higher than is usual 
with the present fuel systems. When the effect 
of the tial velocity is taken into account, 
the resultant velocity (at 12,000 r.p.m.) is equivalent 


to that produced by.an injection pressure of 5,480 Ib. 


The fuel discharge velocity is calculated from 
equation (2). For n = 1,000 r.p.m., 
vq = 0-8 x 104-74/ 21 — 2-25 

= 363 in. per sec. 

= 30-2 ft. per sec. 
The resultant velocity v, is given by equation (9). 
For n = 1,000 r.p.m., 
tr = 104:74/ 0-64 (21 — 2-25) + 49 

= 818 in. per sec. 





= 68-2 ft. per sec. 

The corresponding values for other speeds are 
given in Table I. The pressure that would be 
required in a stationary system to give the fuel a 
discharge velocity equal to v, may be calculated 


from 
av meg / 28 
\ p” 


vF p 
ae 
and, for n = 1,000 r.p.m., p, = 38-1 lb. per square 
inch. This equivalent injection pressure is plotted on 
Fig. 8, page 316, with the other quantities in Table I. 


hence 


























TABLE I. 
| i 
Fuel Fuel | Droplet 
Velocity. | . Diameter. 
n Ft. per sec. Lb. per sq. in. | Microns 
r.p.m. | 
| 
% e%, Pp | P, | pac Eq. (8). 
i 
hg SUAS rT ! i! 
1,000 ..| s0-2| 68-2|| 7-5| 38 || as5 | 7m 
3,000 -| 90-7 | 204 67-3 343 || 112 79 
5,000 :.| 151-1 | $41 186 | 951 || 67 28-4 
7,000 ..| 211-7 | 477 366 | 1,865 |} 48 14:5 
9,000 ..| 272 | 618 606 | 3,084 || 37 8-8 
12,000 ..| 363 | 818 1,077 | 5,480 | 28 4-9 
| 





For the calculation of the orifice size the fuel- 
consumption curve of an actual jet engine has been 
plotted in Fig. 9, page 316. The line relating orifice 
fuel flow to speed has been taken as tangential to 
this plotted curve. From equation (3) the volume of 
fuel discharged per unit time is = Av,. Taking 
from Fig. 9 the rate of fuel discharge as 300 gall. 
per hour at n = 10,000 r.p.m., and taking the value 
of v, = 300 ft. per second from Fig. 8, we have 
A = 0-0064 sq. in. 

Assuming 16 orifices on the periphery of the fuel 
chamber, the diameter of each orifice will be 
0-0225 in. For this orifice size the actual value of t 
for any other point value A on Fig. 9 will be given 
approximately by equation (5). Thus, for point B 


ey 
tp = tz ( -— 
“ a (=) 
= ts, (=) = 1:5 x 2-25 = 3-38 in. 

The more exact equation (4) gives a value of tp, = 
2-5in. For any engine speed except 6,500 r.p.m., 
the value of ¢ will be greater than 1-5 in. This 
higher value of ¢ than that used in the calculations 
for Table I, will increase the injection pressure and 
improve the atomisation. 

Formule (7) and (8) give two methods of estimat- 
ing the droplet size. Forn = 1,000r.p.m., equation 
(7) gives 


gn 33 SO SOOU x 8 0 -c182 me. 
104-7 14 x 0-028 


= 335 microms. 
The Triebnigg formula (8), and taking the resultant 
velocity, gives 

4 x 0-000137 x 386 

~ 0-24 x 0-000047 x 68-2" x 144 
= 0-0269 in. 
= 711 microns. 
The droplet sizes for different speeds are shown in 
Table I. 


d 








CRANES FOR PRE-FABRICATED TRACK.—Ten 8}-ton 
Diesel-electric railway cranes are to be purchased by the 
London Midland Region for handling pre-assembled 
sections of track. They will be capable of moving under 
their own power, and will be used normally with track- 





per square inch (see Table 1). 





REPORT OF THE 
ASTRONOMER ROYAL. 


Tue annual report of the Astronomer Royal, 
for the period of 12 months ended April 30, 1948, 
deals with work carried out at the various stations 
comprised within the general title of the Royal 
Observatory. They include at present an establish- 
ment at Abinger, in Surrey, where the main activities 
are concerned with the time service and observations 
of terrestrial magnetism ; and premises at Bradford- 
on-Avon, where chronometers and watches for use 
in the Royal Navy and other Services are repaired 
and rated. These stations, of course, are additional 
to the observatory at Greenwich, which, as is 
well known, is in course of being transferred to a 
new site at Herstmonceux, where the castle and 
grounds have been under preparation for many 
months to receive equipment from Greenwich and 
to house the Astronomer Royal and his staff. The 
progress of conversion is such that the first stage of 
the move should be completed during this autumn ; 
and it is intended to include some provision for 
work on chronometer rating to be started at an 
early date, as well as the transfer of the Nautical 
Almanac Office, the Magnetic and Meteorological 
Department, and the secretariat. 

A great deal of new building in the Herstmon- 
ceux Castle grounds will be necessary, however, 
before any real astronomical work can be started. 
High priority has been accorded to the new Solar 
Building, designed at Greenwich to house the 
Newbegin refractor, with a 4-in. photoheliograph 
attached to it, as well as two spectrohelioscopes 
and a 34-prism Littrow spectrograph. The New- 
begin telescope is to be erected temporarily at 
Greenwich so that the best method of attaching the 
photoheliograph can be studied fully. A Shortt 
master pendulum, which is to be mounted in the 
Solar Building to carry the time between radio 
signals, will be the nearest approach for some years 
at Herstmonceux to a precision time s 
Approximate seconds signals, however, will be avail- 
able from a Cooke sidereal clock—also part of the 
Newbegin bequest—which is to be taken to Green- 
wich for conversion to mean solar time. Near the 
new Solar Building, on the east side, is to be con- 
structed a cellar for a spectroheliograph employing 
large glass prisms, and a spectrograph having large 
liquid prisms, both of which instruments need 
steady temperature conditions. In preparation for 
eventual erection on the new site, the 28-in. and 
26-in. telescopes at Greenwich have been dismounted 
and the larger is now in store at Herstmonceux. 
Before being put into commission again, it is to be 
fitted with a synchronous-motor drive which Messrs. 
Sir Howard Grubb, Parsons and Company are 
making for it. The same firm are also designi 
roller bearings for both axes of the 26-in. telescope, 
for which purpose almost the whole instrument has 
been sent to their works at Newcastle-on-Tyne. 

It will be recalled that Sir Howard Grubb, Parsons 
and Company have been entrusted with the con- 
struction of the new 100-in. telescope which will 
be the dominating instrument in the Isaac Newton 
Observatory and will be installed in the Royal 
Observatory grounds at Herstmonceux. To direct 
the scientific work with the 100-in. telescope, a 
Board of Management has been constituted, under 
the chairmanship of the Astronomer Royal, of 
which the Directors of the Royal Observatory at 
Edinburgh, of the Cambridge Observatory, and 
of the Oxford University Observatory are ex-officio 
members. The Royal Society and the Royal 
Astronomical Society each nominate four members, 
one of whom is to retire annually. The first nominees 
of the Royal Society are Dr. C. R. Burch, Lord 
Cherwell, Sir Thomas Merton and Sir Geoffrey 
Taylor; and of the Royal Astronomical Society, 
Dr. A. O. Rankine, Dr. J. A. Carroll, Professor 
P. M. 8. Blackett and Professor F. J. M. Stratton. 
The secretary of the Greenwich Observatory is 
to be secretary of the Board of t, and 
the administration of the Isaac Newton Observatory 
is to be vested in the Astronomer Royal. 

Several important questions have been debated 
already at the three board meetings that have been 








relaying trains. 


held during the year. It has been decided that the 
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types of observation to be undertaken with the 
100-in. shall include stellar spectroscopy 


and spectrophotometry, star counts, galactic struc- 
ture, the distribution and extent of obscuring 


material, spectral classification with a silitless’ 
spectroscope, the determination of radial velocities, 


and studies of extra-galactic nebulm. The alter- 
natives of a straight paraboloidal reflector with 
Newtonian, Cassegrain, and Coudé foci, and with 
correcting lenses for direct photography, or of a 
combined instrument of the Schmidt-Cassegrain 
type, have been discussed. A two-sphere, single- 
plate aplanat design of optical system has been 
considered in detail, although the very small 
tolerance in alignment of the aspherical secondary 
with the spherical primary presents serious mech- 
anical difficulty with that design. As regards the 
effects of mechanical flexure of the telescope, the 
conclusion has been reached, in consultation with 
Mr. B. N. Wallis, F.R.S., that the requisite degree 
of rigidity cannot be attained by any known struc- 
tural methods or materials, but that the effects of 
flexure could be compensated by controlled thermal 
expansion and contraction of the main members of 
the telescope tube. Among other designs under 
consideration is that proposed by Dr. J. G. Baker, 
of Harvard, in which a Ross field corrector lens pair 
is combined with a Schmidt aspherical plate. The 
plate, which corrects spherical aberration, is mounted 
in an aperture-stop in the incoming beam of light, 
while the lens pair, which corrects coma, astig- 
matism and field curvature, is situated in the 
converging light beam from the primary reflector. 

A matter of particular interest to electronic 
engineers is the application of servo principles for 
moving, setting and automatically guiding the new 
telescope. Such methods are especially attractive 
in view of the very iarge size and weight of the 
instrument ; in addition to which it will be appre- 
ciated that automatic guiding—under the control, 
for example, of a photo-electric device—offers the 
possibilities of sufficiently rapid response not only 
to correct for astronomical motions of the earth and 
stars, but to deal also in a small fraction of a second 
with random variations in the thermal properties of 
the earth’s atmosphere, which produce changes of 
image position due to refraction. Two committees 
have been appointed to consider servo methods of 
te setting, and automatic guiding, respec- 
tively, while a team from the Telecommunications 
Research Establishment at Malvern have developed 
a photo-electric system for trial. It has been used 
on the 13-in. astrographic refractor at Greenwich, 
and preliminary results indicate that an accuracy 
of control better than one second of arc for a focal 
length of about 11 ft. is obtainable. Dr. Uttley, 
who is in charge of the T.R.E. team, is also studying, 
in the course of an official visit to the United States 
of America, the control system that has been 
developed there for the 200-in. telescope, and also 
other methods of driving and controlling large 
telescopes. 

As regards the main reflector of the new telescope, 
the decision has been reached to cast it as a solid 
disc of Pyrex glass, the lower face being given a 
concave curvature of approximately the correct 
amount. Herein lie some interesting differences 
from the mirror of the American 200-in. telescope, 
which, while also of Pyrex glass, has the back cored 
out with the objects of reducing weight in relation 
to rigidity and of permitting the mirror to follow 
rapidly such fluctuations of ambient temperature as 
cannot be avoided. 

Somewhat in contrast with the attention devoted 
to future astronomical equipment, the output of 
normal work from the Observatory is much reduced 
at present in consequence of the transfer to Herst- 
monceux and the amount of repairs and adjust- 
ments to apparatus necessitated after the war or 
arising in the design of new instruments. Many of 
the latter adjustments are noteworthy for the 
mechanical and metrological details involved; in 
the case of the new photographic zenith tube, for 
example, a good deal of experimental work has been 
carried out to determine the most suitable materials 
and forms of gearing. ‘ Present indications are that 
the differential roller will be preceded by a high- 
quality screw, and will provide in itself Pyspeed 
reduction substantially smaller than was originally 





contemplated. Other changes in design include the 
suspension of the carriage, instead of its support, on 
@ flat track, so that azimuth will be determinable 
without traversing the carriage over a longer—and 


Operation. If trials along these lines prove successful 
all precision parts of the movement will be con- 
trolled entirely by elastic links, thus obviating 
mechanical wear. The stability of level of a mercury 
surface, which is an essential concomitant of the 
zenith tube, is being studied electrically by mounting 
close above the mercury two stainless-steel discs, 
and incorporating the two electrical condensers so 
formed in a bridge circuit. Variations in level of 
the mercury surface, producing corresponding 
changes of electrical capacity, should be measurable 
with great accuracy, but in practice the sensitivity 
of the arrangement is limited by the fact that, 
with small gaps between the steel discs and the 
mercury surface, the voltage must be limited to a 
small value which will not distort the surface 
locally by electrostatic attraction. If voltages are 
kept low, however, and a stable circuit is employed, 
the method appears to be promising. Also in con- 
nection with the photographic zenith tube, some 
trials have been made of the new Furt microphoto- 
meter developed by Messrs. Ferranti, Limited, to 
study its usefulness as a pure position-measuring 
instrument. In its t form, the microphoto- 
meter has been found slightly inferior to direct 
visual methods for ideal test-objects, but it might 
be superior, especially for photographic images and 
irregular o jects, if its electrical stability could be 
increased. Pending the completion of the photo- 
graphic zenith tube, a list of 255 stars has been 
prepared, on which observations will be carried out. 
In the meantime, it if proposed to begin observa- 
tions of those, and certain other, stars with the 
reversible transit-circle as soon as certain mechanical 
alterations to this instrument have been completed. 
The component being studied is the pivot mounting 
of the main axis, which is suspected of having intro- 
duced errors that varied according to the direction 
in which the instrument was rotated. The end 
thrust bearings were massive self-aligning ball- 
races, the weight of which, by wedging them down- 
wards, caused them to bear mainly on the lowest 
parts of the end faces of the axis. It was con- 
sidered that the resulting couple could have been 
responsible for change of pivot error, and the sub- 
stitution of plain fixed bronze end-bushes for the 
ball races appears to have led to some improvement. 
The uncertainty implied by that statement is justi- 
fied by discrepancies between the results of different 
methods of pivot testing. To overcome this trouble, 
a new method has been evolved, embodying a plane 
mirror, kinematically mounted in a cell with three 
adjustable feet which are held by a 50-lb. pull 
against the west end of the axis, the axis being 
pulled by a force of 8 lb. against the east pier of the 
main instrument. The pivot errors now measured 
include an elliptical component which is unchanged 
by rotation of the cell and represents a true variation 
in flexure of the axis. The amplitude of the com- 
ponent is about 0-3 in., the axis flexure being 
greatest when the telescope is nearly vertical. 
Certain other errors in the transit instrument, asso- 
ciated with the microscope readings of observed 
angles, have been traced partly to progressive 
inaccuracies of screw threads, and have been cor- 
rected ; but an apparent periodic error, also present, 
has been adjudged to be of psychological origin, 
and is thought to have been removed by an altera- 
tion in the form of the vernier component used for 
identifying minutes of angular measurement. 
(To be continued.) 





REGINALD MITCHELL MEMORIAL LECTURE.—Inaugu- 
rated in 1946 as the memorial of the Stoke-on-Trent 
Association of Engineers to Reginald J. Mitchell, the 
designer of the Spitfire aeroplane and a founder member 
of the Association, the Reginald Mitchell Memorial Lec- 
ture is delivered annually. This year the lecture wi!l be 
given by Sir Robert Watson-Watt, C.B., D.Sc., F.R.S., 
in the Victoria Hall, Hanley, on Monday, October 4, 
commencing at 7 p.m. The subject of the lecture is 
“ Radar—the Complement of the Spitfire.” The Lord 
Mayor of Stoke-on-Trent, Alderman H. Beresford, will 
occupy the chair and a cordial invitation is extended to 





all persons interested to attend the meeting. 


therefore a less worn—range than that of normal |. 





EDUCATION AND THE METRIC 
SYSTEM.* 


By P. Jounson.t 


As a eee! I am naturally impressed with the 
merits of the C.G.S. system of units, a system I have 
used all my working life, but it is not as a physicist 
that. I propose to discuss the merits of such a system, 
but rather from the point of view of a teacher of those 
studying science or technology. The aspect with which 
I propose to deal is an extremely simple one, because 
it is in the earliest stages that the student gets into 
difficulties over the multiplicity of the units with which 
he is faced ; but it is at this stage that he is most easily 
confused, wastes a great deal of time and may even in 
some instances become so despondent that he gives up 
the struggle. I do not think that anyone would dispute 
that a sound approach both to the physical sciences 
and to any form of engineering can only be made on a 
foundation of el itary hanics. Short cuts 
have, of course, been taken ; in particular many people 
have acquired a quite remarkable facility in radio 
technique without any knowledge of mechanics. 
Such people, however, are inevitably restricted to the 
limited field into which their short cut has led them, and 
are unlikely to be in a position to range more widely 
with any hope of success. 

Now, at the very start of his scientific career the 
student comes up against what I can only call the 
conflict of units. However much one tries to simplify 
his task by restricting him in the first instance to one 
system, he will very soon be applying his knowledge 
of mechanics in several branches of science or technology 
and must therefore be familiar with the units commonly 
used in those branches. It may sometimes be possible 
to postpone the stage at which the student is committed 
to dealing with more than one system of units but it 
must come some time, and it is my experience that 
whenever it comes it invariably leads to confusion. 
I should be surprised if any of my audience can deny 
that at some stage in the study of elementary dynamics 
he has not been faced with what appeared to him the 
insoluble problem of whether or not to introduce a g, 
with the further alternative of whether to insert it in 
the numerator or denominator. Now this problem 
arises solely on account of the muddle between units 
of mass and units of force in the centimetre-gramme- 
second and foot-pound-second systems. Conformity 
between the two is not obtained by using the poundal 
as a unit of force when the foot-pound remains as the 
unit of work. 

At whatever stage a student commences his scientific 
or technical studies it seems to me that he can ill 
afford the time to clarify the confusion created in his 
mind by the use of different systems of units. Sufficient 
difficulties are certain to appear in his path without 
it being either necessary or desirable to introduce any 
that are not essential to a proper understanding of the 
subject or subjects that he is to pursue. The first 
essential requirement to simplify the task of the 
student in the early stages is to restrict him to one 
system of units only. 

More is required, however, than just restricting him 
to one system of units. That system and its applica- 
tions should also be as devoid of complications as it 
can possibly be made. In particular, the use of conver- 
sion factors should be reduced to a minimum and the 
units so appiied that wherever possible they can be 
inserted into algebraic formule without the introduction 
of such factors. An extremely simple example will 
illustrate what I mean. Pressures are commonly 
measured in pounds per square inch, bore and stroke 
in inches, power in horse-power and angular rate in 
revolutions per minute. The simple basic formula 
for power is p v n, where j is the mean pressure, v the 
swept volume, and n the number of strokes per second. 
Consequently, to employ this formula practically, 
pressures will have to be converted to pounds per 
square foot, bore and stroke to feet, revolutions per 
minute to revolutions per second and then the foot 
pounds per second converted to horse power. I have 
deliberately made this elementary problem sound as 
complicated as I could, but how much simpler it would 
have been for the student if all he had to do was to 
insert the numbers he had been given directly into a 
simple basic algebraic formula that he knew. If one 
must have the foot-pound-second system why compli- 
cate it by using inches and horse-power, why not 
stick to the feet, the pounds and the seconds ? 

If it is admitted that restriction to one system of 
units will both simplify and accelerate the progress 
of the student, then, to avoid complications arising 
from ‘conversion factors there can be little argument 
that the best system is the metric system. While 
it might be preferable to avoid conversion factors 











* Contribution to a discussion on the Metric System 
in Section G of the British Association at Brighton, on 
Friday, September 10, 1948. Abridged. 

t Of the R.A.F. College, Cranwell. 
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ELECTRONIC CONTROL OF 
PLANING MACHINE. 

An example of the increasing application of electronic 
methods to the control of electric motors is provided 
by the drive of a Loudon planing machine, 
recently been installed at the Witton engineering works 
of the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. The table of this 
machine, which is illustrated in Fig. 1, is 14 ft. by 5 ft., 
and is driven by a direct-current motor with ratings of 
9, 50 and 50 h.p. at speeds which are continuousl 
variable up to 69, 400 and 620 r.p.m. The motor it 
has been specially designed for reversing duty and is 
fitted with radial brush gear and laminated interpoles. 
A second motor of standard design is employed for 
driving the feed. 

Direct current is supplied to the armatures of both 
the table and feed motors from a steel-tank mercury- 
are rectifier of the pumpless type, which is connected 
to the 400-volt three-phase mains. The current for 
the table motor is taken from six grid-controlled anodes, 
while that for the feed motor is drawn from two 
auxiliary anodes, which are not fitted with grid control. 
The rectifier and its associated equipment are housed 
in a cubicle, which is mounted on a gallery above the 
planer, as can be seen in Fig: 1, while Fig. 2 shows the 
interior. 

The output voltage of the rectifier can be adjusted 
by altering the phase relationship between the supplies 
to its anodes and grids. This alteration is effected by 
@ combination of fixed resistances and condensers with 
a reactor, which is provided with a direct-current 
saturating winding. The anode of a valve, which forms 
the last stage of an amplifier, is connected in series 
with this winding, so that the current through it, and 
consequently the phase relationship between the anode 
and grid voltages of the rectifier, are controlled. The 
difference between the output voltage of the rectifier 
and an adjustable “‘ reference’ voltage is thus main- 
tained at a minimum. Any change in the reference 
voltage is automatically followed by a change in the 
output voltage of the rectifier; in other words, in the 
voltage supplied to the armature of the planer-table 
motor. This arrangement enables the speed of the 
table in either direction to be pre-set and to be main- 
tained constant at any load. It is also possible, by 
means of a second amplifier, to limit the maximum 
armature current to any desired value above that of 
full load. The motor can therefore be started auto- 
matically, reversed at any speed, and even, it is claimed, 
stalled without damage. 

Reversal is effected in the usual way by altering the 
direction of flow of the armature current by means of 
contactors. During this portion of the cycle, the cur- 
rent is also maintained constant below a pre-determined 
maximum; while during retardation, the energy 
stcred in the moving masses is returned to the mains 
since the rectifier acts as an inverter. The table can 
also be accelerated to a high speed, so that “ air- 
cutting” can be carried out rapidly when widely 
separated surfaces have to be machined. 

The control equipment necessary for these opera- 
tions is housed in a desk, which can be seen in position 
on the right hand side of Fig. 1, while a view of the desk 
with the front cover removed is given in Fig. 3. This 
equipment consists of four potentiometers, six rotary 
switches and a multi-stud switch. The potentio- 
meters eriable the operator to set the forward and 
return speeds of the table, the maximum speed between 
cuts and the maximum current in the motor armature, 
as already described. The rotary switches enable the 
acceleration controls to be switched in or out of circuit, 
the return speed of the table to be controlled by ite 
potentiometer or to be kept the same as the cutting 

, and the solenoids, which lift the tool clear of 

work, to be switched on or off. The multi-stud 
switch enables the distance moved by the tool holder 
during each cycle of the table to be adjusted. There 
are also two push buttons, which, by energising sets of 
master contactors, enable the current to be switched 
on when the machine is first started and off when it 
is finally shut down. The depression of the first of 
these buttons ignites the rectifier and energises all the 
auxiliary circuits. At the same time, a red pilot lamp 
is lighted. After an interval, sufficiently long to enable 
the amplifier valves to heat up, a green lamp is lighted. 
The machine may then be started by depressing the 
“‘ start’ button on one of the push-button pendants, 
which are visible in Fig. 1, and enable control to be 
effected from either side of the machine. These pen- 
dante also carry buttons enabling the machine to be 
stopped, “inched” in either the cutting or return 
directions, the feed to be switched on or off of tra- 
versed, or the machine to be brought to a stop in an 
emergency. Four further emergency-stop buttons 
are fitted in suitable positions on the machine. It is 
stated that if by accident more than one button is 
pressed at a time no is caused to the equipment ; 
neither does the protective gear come into operation. 
During normal operation the red pilot lamp “ blinks” 
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with each movement of the feed, thus showing that the 
control is operating. 

Limit switches are provided to safeguard the machine 
against damage sh the tool holders be accidentally 
driven against each other, or to the ends of their slides. 
These switches can be rendered inoperative by a push 
button on the side of the bed ; and the tool holder can 
then be traversed in the reverse direction. The shaft 
of the feed-motor armature is fitted with an interrupter 
for automatically counting the revolutions made dur- 
ing one cycle of operations. The number of these 
revolutions can be pre-set by means of a switch on the 
control desk, thus adjusting the feed of the tool. A 
two-speed gearbox is incorporated in the drive between 








Fig. 3. Conrrot Drsx. 


the feed motor and the tool holders, and this enables 
feed ranges of , in., to ¥ in., or from } in. to 1} in., to 
be obtained in 10 steps. The feed motor can also be 
run continuously in the direction opposite to that of the 
normal feed for as long as a traverse button is de- 
pressed. 

It is claimed that this type of drive has several 
advantages over the conventional Ward-Leonard 
- gers In the first place, the conversion efficiency of 
the rectifier is higher, especially at medium and low 
loads.. This enables considerable energy to be saved 
during the return stroke, when no cutting takes place. 
Moreover, very few. cutting operations require the 
maximum output from the motor. Owing to the 
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RECONSTRUCTION OF CHEPSTOW RAILWAY BRIDGE. 
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Fig. 1. 


maximum current being limited by the servo con- 
trol the acceleration and torque of the motor during 
reversal remain substantially constant. Both the 
electrical and mechanical stresses on the equipment 
are therefore lower than with a Ward-Leonard drive 
for the same average rate of change of table speed. 
As the response of the servo-electronic control is 
very rapid, the table can be accelerated at a high rate 
when “‘air-cutting.” This feature can, therefore, 
be used for shorter travels than has often been the 
case hitherto. Over-running is also controlled with 
great accuracy and uniformity. All the controls, in- 
cluding the selection of the feed, can be operated while 
the table is in motion and no damage is caused by 
their too rapid manipulation. The installation of a 
static unit, such as the one described, requires. no 
special foundations and it can therefore be mounted 
overhead to save floor space.. Maintenance is also 
easier than with rotating machinery, and the wear on 
the reversing contactors is small, since the circuit has 
negligible inductance and is opened and closed with 
practically no current flowing. The control amplifier 
is provided with a multi-pin connection, so that it can 
be changed in a few minutes. 


* 





SUTTON COLDFIELD TELEVISION STATION.—We learn 
from the British Broadcasting Corporation that good 
progress is being made with the construction of the new 
television-broadcasting station at Sutton Coldfield, near 
Birmingham. This station, which will enable the 
London programme to be viewed by about six million 
People in the Midlands, will have a vision transmitter with 
& capacity of 35 kW, that of the associated sound trans- 
mitter being 12 kW Both vision and sound ‘signals will 
be radiated by a single aerial, which will be supported by 
& mast 750 ft. high ‘The frequency of the vision trans- 
mitter will be 61-75 megacycles per second and that of 
the sound transmitter 58-25 megacycles per second. To 
conserve wavelength space, the upper side band of the 
vision transmitter will be suppressed and it will, therefore, 
be necessary for the receivers used in the area to be 
designed for this form of asymmetrical transmission, 
The sound channel! will be amplitude-modulated. 


Temporary Trestitinag Durtna REPLACEMENT OF GIRDERS. 





RECONSTRUCTION OF BRUNEL’S 
BRIDGE OVER THE RIVER WYE 
AT CHEPSTOW. 


Tue Chief Engineer’s Department of the Western 
Region, British Railways, and their contractors, are 
engaged on the interesting work of reconstructing the 
superstructures of the three land spans in I. K. Brunel’s 
famous railway bridge over the River Wye at Chep- 
stow. Work on the down-line spans was sterted early 
in June of this year, and was completed nine weeks 
later ;_ the line was re-opened to traffic on August 8, 
and on the same day the engineers were given occupa- 
tion of the up-line ; probably until the end of October. 

The bridge, a photograph of which, taken during 
an early stage in the reconstruction, is reproduced on 
page 324, was built in 1852 for two broad-gauge tracks. 
It consists of a 300-ft. span with queen-post trusses over 
the river, and three 100-ft. land spans at the Chepstow 
end. It is the largest bridge on the main line between 
Gloucester and Newport, and, prior to the opening of 
the Severn Tunnel in 1886, it carried all traffic to and 
from South Wales. The plate girders of the land spans 
were of wrought iron, and were continuous over the 
three 100-ft. openings. The spans were of the through 
type, but the structures for each track were separate. 
The old girders were extraordinarily light; they 
weighed only 17 tons for a 100-ft. length, although 
they were 7 ft. 6 in. in depth. In Fig. 3, on page 324, 
the top of one of the wrought-iron girders is shown on 
the left, and the girder adjacent to it, which has been 
cut, shows the cross-section. The top flanges were of 
triangular box form, with the top plates curved in 
section, and some of the web plates were only } in. 
thick. In their original form, there were only four 
stiffeners in a length of 100 ft., and although additional 
stiffeners were added in more recent years, certain 
distortions developed in the web plates, and ultimately 
it was decided to renew the spans. 

In the new spans, the main girders are not con- 
tinuous, although the through-type construction, neces- 
sitated by the pier cylinders, has been retained, with 


centres as before. The decking consists of flat steel 
plating on stringers and cross girders, The total 
weight of the new steelwork is about 600 tons. During 
the reconstruction, single-line working is in operation 
between Chepstow and Wye Valley Junction. 

Standard military unit steel trestling was erected 
under the bridge to support the new girders during 
erection. Fig. 1, on this page, shows the trestling 
under the third span, which is over water at high tide. 
The trestling here is 75 ft. high, and each of the two 


‘sets of trestling is supported on 24 12-in. by 12-in. 


timber piles driven about 35 ft. into the river bed by 
a No. 7 McKiernan-Terry hammer, which was slung 
from a crane on a barge and was supplied with steam 
from a boiler on the river bank. Each pile was not 
required to support a load of more than 10 tons; 
therefore, after penetration had reached 30 ft., driving 
was stopped when a set of not more than 1 in. to 20 
blows was obtained. The trestling under the other 
two spans is founded on timber cribs on the dry 
ground. The total weight of trestling is 296 tons. 
Over the 24 piles nearest to the river (shown on the 
right of Fig. 1), the first 32 ft. of trestling were built 
over the full width of the bridge; above that, and 
elsewhere, the trestling was erected under the down- 
line side of the bridge only and was later skidded across 
to bring it under the up-line spans. 

For the spans of both lines the reconstruction was 
started at the third span and proceeded towards the 
abutment. The new main girders, in pairs side by 
side, were loaded on special trolleys with small wheels, 
and pushed forward along the track on to the bridge by 
a locomotive. The girders were supported by the 
trestling and skidded laterally to 10 ft. 6 in. centres, 
as shown in Fig. 4, on page 324. This allowed a 3-ton 
travelling crane to work between them. After the 
timber decking had been removed, the old cross 
girders were burnt through near their ends and lifted 
away by the crane, as shown in Fig.4. The new main 
girders were then braced together and, with rails laid 
on the top flanges, were used as a runway for twelve 
travelling beams from which were slung the old main 
girders, cut by oxy-acetylene torch into lengths of 
about 15 ft. This stage in the reconstruction is well 
illustrated in Figs. 1 and 3. The pieces of old girder 
were lifted away by a 5-ton crane working on the 
adjacent span, the more distant pieces being moved 
in pairs along the runway to bring them within reach 
of the crane. 

The new main girders were skidded laterally to their 
final positions (it was also necessary to skid the girders 
of the third span longitudinally for a distance of 
3 ft. 6 in. into pockets in the cast-iron tower supporting 
the ends of the 300-ft. span trusses); and the girders 
were then lowered on to bedplates secured by dowels 
set’ in concrete inside the tops of the pier cylinders. 
New pre-cast concrete bed-stones were provided for 
the abutment. The new cross girders and steel decking, 
with the stringers either riveted in the shop or bolted 
to it in units, were placed in position by a crane working 
outwards from oneend ofthespan. After final riveting, 
cement-concrete 2 in. thick was laid on the deck, and 
covered with two thicknesses of Pluvex roofing felt 
laid in hot bitumen and protected on top with brindle 
tiles. 

In addition to the renewal of the superstructures of 
the land spans, the piers are being strengthened by 
the addition of mild-steel bracing between the cylinders. 
The whole of the girder-work is being fabricated and 
erected by the Fairfield Shipbuilding and Engineering 
Company, Limited, whose Chepstow works are situated 
near the bridge, close to the site previously occupied 
by Messrs. E. Finch and Company, who made the 
ironwork 96 years ago. The new girder-work and 
the method of erection were designed in ‘the Chief 
Engineer’s office at Paddington, under the direction 
of the Chief Engineer, Western Region, and the erection 
is being carried out under the supervision of Mr. T.C. B. 
Davies, B.Sc., A.M.I.C.E., divisional engineer, Glou- 
cester. 





HieH-Vacua CONVENTION.—The Society of Chemical 
Industry announce that they are sponsoring a ‘‘ Con- 
vention on High Vacua,” organised by Mr. L. I.. Maitland, 
Director of British-American Research Limited, Block 
E.2, Hillington North, Glasgow, S.W. The Convention 
will be under the Presidency of: Sir Charles Darwin, 
K.B.E., M.C., F.R.S., Director of the National Physical 
Laboratory, and will be held at Gleneagies, Perth, from 
October 12 to 13. The speakers will include Messrs. 
S. Dushman, J. C. Swallow, J. 8. Gourlay, R. S. Morse, 
E. W. M. Faweett, R. A: Stauffer, C. R. Burch, M. L. EB. 
Oliphant, and R. V. Jones, and tbe contributions will 
deal with such matters as the application of high vacua 
to plastics, dehydration, distillation, the metallurgical 
industry, and nuclear physics. Further information on 
the Convention and on accommodation and travel 
arrangements may be obtained from Mr. Maitland, at 





the main girders at the same lateral distance between 





the address given above. 
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Messrs. W. T. HENLEY’Ss TELEGRAPH WORKS Com- SPECIFICATIONS. 


PANY, LIMITED, have received an order from the Govern- 
ment of India for lengths of dry-core telephone cable 
totalling over 220 miles. The approximate value of the 
order is 320,0002. 

THE NorTH BRITISH LOCOMOTIVE COMPANY, LIMITED, 
Glasgow, have received orders for 40 electric locomotives 
for the South African Railways, to be employed for fast 
passenger and freight traffic on the Durban-Volksrust 
and Cape Town-Beaufort West sections of the under- 
taking. The locomotives will each weigh 130 tons and 
will be driven by 3,000-volt motors. THE GENERAL 
ELECTRIC COMPANY, LIMITED, Magnet House, Kingsway, 
London, W.C.2, are to supply all the electric equipment 
for the locomotives. 

The British Electricity Authority, Great Portland- 
street, London, W.1, during the past month, have placed 
contracts amounting, in the aggregate, to 2,919,490I. 
These include structural steelwork at Battersea placed 
with Sm WILLIAM ARROL AND COMPANY, LIMITED ; 
plant for Agecroft generating station, comprising circu- 
lating water ducts with F. MrrcHELL AND Sons, LIMITED, 
superstructure with J. GERRARD AND Sons and low- 
pressure piping with SreEwaRTS AND LLOYDS, LIMITED ; 
® new circulating water system at Deptford with A. 
WADDINGTON AND SON, LIMITED ; dust-collecting plant 
and valves at Fulham with James HOWDEN AND CoM- 
PANY (LAND), LIMITED; coal-handling plant at Little- 
brook “C” generating station with RoBERT DEMPSTER 
AND Sons, Limirep ; circulating water culverts, screen 
chamber, inlets and discharges at Rye House generating 
station with J. L. Kier anpD CoMPANY, LIMITED ; founda- 
tions at Clarence Dock generating station, Liverpool, 
with W. Moss anp Sons, LimireD; 132-kV Ipswich- 
Sundon lines with BririsH INSULATED CALLENDER’S 
CaBLEs, LIMITED ; 30 MVA 132/33-kV transformers at 
Dunfermline substation, with the ENGLISH ELECTRIC 
COMPANY, LIMITED ; and 132-kV 2,500-MVA switchgear 
with METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
LIMITED. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have secured 
the contract for the whole of the electrical equipment for 
the Argentine Government’s 150,000-ton grain-storage 
and shipping elevator, which is to be built in the Port of 
Buenos Aires. Electric motors, transformers, main 
switchgear, lighting equipment and telephones are to be 
supplied, and it is anticipated that the new elevator will 
be in service within the next three years. 

Messrs. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, have received an 
order from Aksjerederiet Julian, Fjosanger, Bergen 
Norway, for the construction of a motor tanker of 
24,500 tons deadweight, to be built at their Naval Yard, 
Newcastle-upon-Tyne. <A six-cylinder Vickers-Doxford 
engine, built at Barrow-in-Furness, will be installed. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ LEICESTERBROOK.”—Single-screw coaster, built 
and engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for Messrs. Comben Longstaff and Company, 
Limited, London. Main dimensions: 200 ft. by 31 ft. 6 in. 
by 14 ft. 3 in. ; deadweight capacity, 1,216 tons. Triple- 
expansion engines. Launch, August 5. 

8.S. “‘ JALJAWAHAR.”—Twin-screw passenger and 
cargo liner, built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the Scindia 
Steam Navigation Company, Limited, Bombay. Main 
dimensions: 430 ft. (between perpendiculars) by 
61 ft. 6 in. by 39 ft. 24 in. to shelter deck ; deadweight 
capacity, 7,500 tons on a draught of 25 ft. Triple- 
expansion four-crank reciprocating engines of about 
7,780 i.b.p., with six single-ended oil-burning boilers, 
constructed by Messrs. Wallsend Slipway and Engineer- 
ing Company, Limited, Wallsend-on-Tyne. Service 
speed, 14 knots. Trial trip, September 10. 

M.S. “ Brazza.”—Twin-screw passenger and cargo 
vessel, built and engined by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Neptune Works, New- 
castle-upon-Tyne, to the order of the French Govern- 
ment for the Compagnie Chargeurs Réunis, Paris. Main 
dimensions: 448 ft. (between perpendiculars) by 
61 ft. 9 in. by 34 ft. 6 in. to upper deck; deadweight 
capacity, 5,750 metric tons on a draught of 22 ft. 4 in. 
Two four-cylinder opposed-piston Swan Hunter-Doxford 
oil engines developing together 8,800 b.h.p. and giving 
a trial speed of over 18 knots. Trial trip, September 14. 

8.8. “ Vinea.”—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for the 
Rederi A/B Bifrost, Gothenburg, Sweden. Main dimen- 
sions: 310 ft. (betw perpendiculars) by 47 ft. by 
27 ft. 11 in. to shelter deck ; deadweight capacity, about 
3,400 tons on a draught of 19 ft. Triple-expansion 
engines of reheat design, installed by Messrs. George 
Clark (1938), Limited, Sunderland, with two multitubular 
oil-burning boilers. Service speed, 12 knots. Launch, 
September 17., 1 











THE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of the paragraphs. 


Galvanised Wire for Submarine Cables—Two new 
specifications, B.S. Nos. 1441 and 1442-1948, deal 
with galvanised steel wire for armouring submarine 
cables. The first, B.S. No. 1441, covers high-tensile 
wire which from 0-083 in. to 0-134 in. in 
diameter, the sizes commonly used for the purpose 
being 0-083 in., 0-095 in., 0-099 in., 0-104 in., 0+ 120 in. 
and 0-134in. The second specification, B.S. No. 1442, 


covers mild-steel wire in sizes ffom 0-028 in. 
to 0-4 in. in diameter. In both s tions, methods 
of test, test requirements and tolerances are s 


and data concerning the selection of test samples, 

re-tests,.galvanising, the size and weight of coils and 

pie wre” are\included. [Price of each speci- 
cation, 28., postage included.] 

Manganese-Steel Castings.—Two other new specifica- 
tions, Nos. 1456 and 1457, concern manganese-steel 
castings for general engineering purposes, the first 
relating to 14 per cent. manganese-stcel = and 
the second to austenitic-steel castings. In — ication 
No. 1456, two grades of castings are specified ; these 
are governed by the mechanical properties obtained 
from test pieces, and are designated “ P” and “ R.” 
The c cal composition of the steel and the test 
requirements are specified. In addition to tensile and 
impact tests, provision is made for non-destructive 
and hardness tests, where required. In specification 
No. 1457, the chemical composition and heat-treatment 
of the steel are specified, while the test requirements 
stipulated relate to a Brinell hardness test. A mutually 
agreed bend test may also be called for by the purchaser. 
Further data in both specifications relate to processes 
of manufacture, the fettling and dressing of castings, 
freedom from defects, testing facilities, and the branding 
and repair of castings. Recommendations on weldi 
procedure are contained in —— [Price of each 
specification, 2s., postage included.]} 





BOOKS RECEIVED. 


Hydraulics, Fifth edition. By Proressors Horace W. 
KING, CHESTER O. WISLER and James G. WOODBURN. 
[Price 4 dols. or 24s. net.] Principles of Jet Propulsion 
and Gas Turbines. By Proressor M. J. Zucrow. 
[Price 6-50 dols or 39s. net.] The Corrosion Handbook. 
Edited by Prorgessor HERBERT H. UHLIG. Spon- 
sored by The Electrochemical Society, Incorporated, 
New York. [Price 12 dols. or 72s. net.] Heat. By 
ARCHIE G. WORTHING and Davip HaLuipay. [Price 
6 dols. or 36s. net.] Industrial Health Enyineering. 
By Dr. ALLEN D. Branpr. [Price 6 dols. or 36s. net.] 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 

Spectroscopy and Combustion Theory. By Dr. A. G. 
GaYvon. Second edition, revised. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 25s. net.] 

Newnes Television Manual. By F. J. Camm. Seventh 
edition. George Newnes, Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
7s. 6d. net.) 

Non-Ferrous Metals and Alloys. By DR. EDWIN GRE- 
GorY and Eric N. Smons. Paul Elek (Publishers), 
Limited, 38, Hatton-garden, London, E.C.1. [Price 
12s. 6d. net.) 

Baugrund und Bauwerk. By PROFESSOR FRANZ K6GLER 
and Dr.-Inc. ALFRED SCHEIDIG. Fifth and revised 
edition. Wilhelm Ernst und Sohn, Hohenzollern- 
damm 169, Berlin-Wilmersdorf, Germany. 

American Electricians’ Handbook. A Reference Book for 
Practical Electrical Workers. By TERRELL CROFT. 
Revised by Cuirrorp C. Carr. Sixth edition. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 
6 dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
36s. net.) 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on the 1th March, 1948, 
near Lamington, in the Scottish Region of the British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 6d. net.] 

An Introduction to Photo-Elastic Analysis. By DR. ARNOLD 
W. HENDRY. Blackie and Son, Limited, 66, Chandos- 
place, London, W.C.2. [Price 7s. 6d. net.] 

Trends in Engineering Education. The Columbia Ezperi- 
ence. By PROFESSOR JAMES Kip FincH. Columbia 
University Press, Morningside Heights, New York 27, 
U.S.A. [Price 2 dols.] Oxford University Press 
(Geoffrey Cumberlege), Amen House, Warwick-square, 

London, E.C.4. [Price 11s. 6d. net.] 








Mr. OsBorN Hurst, M.I.N.A., after 10} years as :aval 
architect to Messrs. J. Samuel White and Company, 
Limited, Cowes, Isle of Wight, is relinquishing this pos! tion 
to take up that of chief representative and chief sur. 
veyor, in the United Kingdom, to the Bureau Vevitas 
International Register of Shipping. He succeeds Mr, 
G. M. Mung, who has held this office for 38 years. 


Mr, P. M. Rampavt, D.S.C., M.A., who has been with 
Messrs. Cowans, Sheldon and Company, Limited, Car- 
lisle, for 13 years, has been appointed to the board cf the 
company and is to become managing director as from 
to-day, October 1. Mr. J. B. PEARSON, who tem- 
porarily resumed the office of managing director some 
six months ago, again retired on September 30, bui con- 
tinues as chairman of the company. 


COMMANDER W. R. STEELE, R.D., R.N.R., engineer 
superintendent of Bullard, King and Company, Limited, 
61 and 62, G hurch-street, London, E.C.3, retired 
on September 30, after 42 years’ service with the com- 
pany. He has been succeeded by Mr. B. O. Mrrciic , 
O.B.E., until recently chief engineer of the 8.8. Umtata, 


Mr. J. M. HENDERSON, A.M.I.Mech.E., M.I.Mar.E., 
has been elected national President of the Engineer 
Surveyors’ Association, 19, Atlantic Chambers, 7, 
Brazennose-street, Manchester, 2, for 1948-49. 


Mr. W. Epe@ar STANLEY, chief purchasing officer of 
Darwins Limited, Sheffield, who was, early this year, 
elected a local director, has now been made a member of 
the board of the company, 


Mr. W. W. MacArruour, M.I.Mech.E., M.I.P.E., late 
of Fairey Aviation Company, Limited ; Blackburn Air- 
craft, Limited, and Sir W. G. Armatrong, Whitworth and 
Company, Limited, Scotswood, is joining Craven Brothers 
(Manchester), Limited, Vauxhall Works, Reddish, 
Stockport, as general works manager, as from the 
beginning of this month. 

The British Electricity Authority announce that they 
have transferred Mr. J. D. PEatTiz, B.Sc. (London), 
A.C.G.1., M.1.E.E., deputy chief engineer (transmission) 
to be deputy chief engineer (generation) to fill the vacancy 
caused by the death of Mr. R. R. MARTINDALE. The 
Authority have also appointed Mr. D. P. Savers, 
B.So., M.I.Mech.E., M.I.E.E., to be deputy chief engineer 
(transmission), the post previously held by Mr. Peattie. 
Mr. Sayers is at present chief engineer to the Midlands 
Electricity Board; he was previously deputy chief 
engineer and manager in the City of Birmingham Electric 
Supply Department. 

Mr. H. B. CAMPBELL, A.M.I.Mech.E., senior executive 
officer (divisional), Ipswich, British Electricity Author- 
ity, Eastern Division, has been appointed station engineer, 
Cliff Quay generating station, Ipswich. Mr. J. R. 
Rowsortom, A.M.I.E.E., at present boiler-house super- 
intendent at Ironbridge generating station, has been 
appointed assistant station engineer at Cliff Quay. 

Str CHARLES TENNYSON, C.M.G., secretary to the 
Dunlop Rubber Company, Limited, since 1928, is retiring 
as from to-day, October 1. 


Mr. W. E. WYNNE has been appointed agent in South 
Wales for the sale of the compressed-air products of the 
Atlas Diesel Company, Limited, Beresford-avenue, 
Wembley, Middlesex. 


As from to-day, October 1, Messrs. THE BRITISH 
THOMSON-HoUsTON COMPANY, LIMITED, will be directly 
represented in South Africa by their own subsidiary 
company, THE BRITISH THOMSON-HOUSTON COMPANY 
(SouTH AFRICA) (Pry.), LimtTED, Bedolu House, Corner 
Main and Troye Streets, Johannesburg. Messrs. WILSON 
AND HERD, LimtrEeD, Johannesburg, are relinquishing 
their agency but will complete all existing orders and 
contracts placed with them for British Thomson-Houston 
products up till September 30. 

Messrs. HUSBAND AND COMPANY, consulting civil and 
structural engineers, of 388, Glossop-road, Sheffield, 10, 
have opened a London office at 70, Victoria-street, Lon- 
don, S.W.1 (Telephone: VICtoria 6418). Mr. W. A. 
MrrcHELL, M.1.Struct.E., formerly chief designer, in 
London, of Dorman, Long and Company, Limited, will be 
in charge of this office. Messrs. Husband also announce 
that they have acquired the consulting practice of the 
late Mr. A. S. GRUNSPAN, M.I.C.E. 


Messrs. MAVOR AND COULSON, LIMITED, Bridgeton, 
Glasgow, S.E., have appointed Messrs. J. WHYTE AND 
ComMPaANY, LimIreD, 16, Barrack-road, Kuala Lumpur, 
to be their agents in Malaya. 


Arrangements have been completed whereby MESSRS. 
VICKERS-ARMSTRONGS LIMITED acquire MEssRS. KEENOK 
ComPaNy LImIrepD, as a going concern. It may be 
recalled that Messrs. Vickers-Armgtrongs acquired the 
share capital of Messrs. Keenok in September, 1946. 
All inquiries should be addressed to Vickers-Armstrongs 
Limited, Keenock Sales Department, 13, City-road, 
London, E.C.1. Mr. G. W. ReaD-BAKER will continue 
as sales manager. 
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NOTES FROM 'THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel.—Blast turnaces and steel-melting shops 
have been receiving satisfactory supplies of raw materials, 
and pig-iron and steel-ingot production has been well 
maintained at recent high levels. Iron ore and scrap 
have been slightly in excess of daily requirements, and, 
if continued, should enable reserves to be laid down for 
the winter months. Billet deliveries have been fairly 
satisfactory, but re-rollers are having to use scrap 
material in some cases to ensure full activity. In the 
sheet trade, slabs for the heavier gauges have been just 
sufficient, but sheet bars for the lighter gauges bave been 
rather scarce, Makers have been receiving an unusually 
large number of inquiries from abroad recently, although 
very little firm business could be fixed owing to the 
limitation of export quotas. Canadian buyers were 
particularly prominent, and this has given rise to bopes 
of an expansion in steel shipments to that market in the 
near future. Messrs. Colvilles Limited, and their asso- 
ciated company, the Steel Company of Scotland, are to 
participate in the recent order for 250,000 tons of steel 
rails and fishplates placed with British makers by the 
Argentine Government, but actual tonnage allocations 
have not yet been made. 

Scottish Coal.—The innovation of a paid autumn 
holiday in Scottish mines was marked by a decline in 
outputs during the week ended September 18 to 447,700 
tons, compared with 473,800 tons in the preceding week. 
Ayrshire pits were closed officially on Friday of that 
week, and the output fell from 74,800 tons to 52,600 tons. 
Otber area outputs were :—Lanarkshire, 183,900 tons 
(181,600 tous); Fife, 141,100 tons (140,900 tons); and 
the Lotbians, 70,100 tons (76,500 tons), The Lothians 
pits were officially idle on Monday of last week, while 
Lanarksbire collieries were closed last Monday. The 
fuel position among all classes of consumer remains satis- 
factory for normal contingencies. Electric power sta- 
tions are laying down heavy stocks, gasworks are com- 
fortably supplied, and steelworks, engineering, and other 
industries have adequate supplies. Coke-ovens are still 
the main exception, delivery margins remaining very 
narrow ; railway and domestic supplies are satisfactory. 
Export tonnages are being promptly stemmed, princi- 
pally for Eire, Finland, Denmark and Sweden, while 
coastwise shipments are moving fairly regularly at 
approximately allocation levels. Bunkers are a firm 
trade, and tonnages are readily forthcoming on reasonable 
notification. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

Welsh Coal Trade.—A dispute involving 1,800 men at 
the Penallta Colliery, Ystradmynach, threatened to bring 
work to a standstill at that colliery. The men alleged 
that 12 foreigners had been engaged to work at the mine 
and demanded their withdrawal. Later this was agreed 
and a stoppage averted. The foreign men will be sent 
to another colliery. It was reported during the week 
that the National Coal Board was being asked to investi- 
gate the possibilities of establishing industries in South 
Wales, ancillary to the mines, to provide alternative 
employment for disabled miners. An undertaking to 
this effect was given to Welsh M.P.s by Lord Hyndley, 
Chairman of the Board. The Board were urged to set 
up industries for the manufacture of mining machinery, 
including coal cutters, hand- and power-driven boring 
machines, haulage engines and power plant, and a wide 
range of hand tools. Although output from the South 
Wales mines bas continued to expand since the end of 
the holidays, supplies of all kinds, except some of the 
inferior dry steam smalls, are difficult to secure for early 
delivery. Home demand is active and accounts for most 
of the coal produced. On export account, a good trade 
is available from South America and Portugal, and con- 
siderable quantities are being allocated to these countries. 
Spanish trade is on very modest lines, since shippers 
have already very large sums due to them in this section. 
Allocations have been made in respect of bunker coals 
for delivery during October at the coaling stations at 
Freetown, St. Vincent, Las Palmas and Gibraltar. Cokes 
and patent fuel are scarce. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was displaying some 
activity and home consumers placed a number of orders 
for delivery during the fourth quarter of the year. 
Export business remained quiet. Steel sheets continue 
to be in demand and makers are heavily committed well 
into next year. Iron and steel scrap is in urgent request. 





INSTITUTION. OF ELECTRICAL ENGINERRS.—From 
to-day, October 1, 1948, the Installations Section of the 
Institution of Electrical Engineers will be known as the 
Utilisation Section and the Transmission Section as the 
Supply Section, it being considered that these titles are 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Fairly large supplies of pig-iron and 
scrap material are reaching the steel-melting plants which 
are able to maintain outputs satisfactorily, and in some 
cases to increase them. Armament firms are able to 
deal with Government requirements; some armaments 
shops have been busily employed in meeting the require- 
ments of British Railways in forgings, castings and other 
material, Other armament shops are being converted 
for the production of heavy machine tools, a shortage of 
which has caused delay in carrying out schemes for exten- 
sion and re-equipment. Research departments are con- 
tinuing their work of evolving and perfecting types of 
alloy steels for jet engines and for other purposes where 
high temperatures have to be resisted. In this direction, 
Sheffield scientists are leading the steel world. Gradually 
more high-carbon steel sheet and bar is reaching makers 
of steel products who for some 18 months have not been 
able to secure all they required. The tool factories are 
actively employed on numerous orders for edge tools and 
engineers’ small tools. A system of staggered working 
hours has been drawn up to ensure economy in the con- 
sumption of power during the winter. The plan is more 
acceptable than that of last: year. 

South Yorkshire Coal Trade.—More coal is being mined 
and absenteeism has been reduced at several pité. The 
demand for best qualities is increasing, and more coal 
has been dispatched to the Humber ports for shipment 
abroad. There are ample offers of unscreened coal and 
opencast slack “‘ off the ration ’’ to householders, but, 
at present, it is moving slowly. Gas coal is in fair 
supply and the make of gas coke is in excess of present 
requirements. Hard coke is a little more plentiful. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers are 
actively engaged but the total tonnage output is still 
inadequate for current needs and endeavours to enlarge 
the make still further continue. Manufacturers of many 
descriptions of material are heavily sold and in some 
cases commitments are on a scale that prohibits the 
acceptance of new business at present. The fuel situa- 
tion still occasions uneasiness, though the tonnages of 
coal and coke reaching consumers at present are rather 
better than bad been anticipated. The output of the 
Cleveland ironstone mines is still below expectations, but 
imports of high-grade foreign ore are being maintained 
at a satisfactory level. Blast-furnace products are 
wanted in larger quantities than can be provided and 
the re-kindling of an idle stack in the near future is a 
welcome possibility. 
Foundry and Basic Iron.—There is still a serious scarcity 
of foundry pig iron, the shortage of which necessitates 
the use of as much cast-iron scrap as possible. Deliveries 
of scrap are on a slightly increased scale though stocks 
are light and unlikely to be much improved in the 
immediate future. The whole of the basic-iron output 
is moving «into use at the makers’ steelworks. 
Hematite, Low-Phosphorus and Refined Iron.—East 
Coast hematite producers are maintaining tonnage 
distribution on a scale that covers the needs of regular 
users and enables some little addition to be made to 
stocks. Steady supplies are dealing satisfactorily with 
the demands for low- and medium-phosphorus grades of 
iron, and buyers of refined iron have no difficulty in 
placing orders for their requirements. 
Manufactured Iron and Steel.—Iron producing firms 
turning out semi-finished and finished classes of material 
have good bookings and steel manufacturers are over- 
whelmed with orders. Users of steel semies are still 
hampered by inadequate supplies of small billets, sheet 
bars and slabs. Imports of semi-finished steel from the 
Continent are improving but home producers’ commit- 
ments are so heavy that deliveries t be i d 
Sheet makers are fully sold and have been obliged to 
refuse lucrative export orders. The continued demands 
for larger deliveries of shipbuilding material, railway 
requisites, colliery equipment and all commodities 
needed for co’ ctional-engineering work are proving 
difficult to handle satisfactorily. 











INSTITUTION OF MUNICIPAL ENGINEERS.—H.M. the King 
has been pleased to approve the grant of a Charter of 
Incorporation to the Institution of Municipal Engineers. 
The granting of a Royal Charter comes in the 75th year 
of the Institution’s history. It was founded in 1873 
as the Association of Municipal and Sanitary Engineers 
and Surveyors, and, from 1909 until 1947, was known 
as the Institution of Municipal and County Engineers. 
The word “County” was removed from the title in 
1947 to simplify the designation of members. It is 
intended, however, that the membership of the Institu- 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, October 4, 6 p.m. Neville, 
Hall, Westgate-road, Newcastle-upon-Tyne. Twentieth 
Thomas Lowe Gray Lecture on “The Gas Turbine,” 
by Mr. T. A. Crowe. 
INSTITUTION OF ELECTRICAL ENGINEERS.—Mersey and 
North Wales Centre: Monday, October 4, 6.30 p.m., 
Royal Institution, Colquitt-street, Liverpool. Chairman’s 
Address, by Mr. T. B. D. Terroni. North-Western Centre : 
Tuesday, October 5, 6.30 p.m., Engineers’ Club, Man- 
chester. Chairman’s Address, by Mr. 8. R. Mellonie. 
North Midland Centre: Tuesday, October 5, 6.30 p.m., 
1, Whitehall-road, Leeds. Chairman’s Address, by 
Mr. R. P. Horlock. Hast Midland Centre: Tuesday. 
October 5, 6.30 p.m., Loughborough College, Lougb- 
borough. Chairman’s Address, by Mr. B. L. Metcalf. 
Southern Centre: Wednesday, October 6, 6.30 p.m., 
University College, Southampton. Chairman’s Address, 
by Mr. B. W. S. Crallans. Institution: Thursday, 
October 7, 5.30 p.m., Victoria-embankment, W.C.2. 
Presidential Address, by Mr. T. Graeme N. Haldane. 
INSTITUTION OF PRODUCTION ENGINEERS.—Halifax 
Section: Monday, October 4, 7 p.m., White Swan Hotel, 
Halifax. Discussion on “The Production Engineer in 
Relation to the National Economy.” Sheffield Section: 
Wednesday, October 6, 6.30 p.m., Royal Victoria Station 
Hotel, Sheffield. ‘“ Steel Production,” by Mr. L. Chap- 
man. Liverpool Section: Wednesday, October 6, 7.15 
p.m., Exchange Hotel, Liverpool. Informal Discussion 
Meeting. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield Branch: 
Monday, October 4, 7.30 p.m., Royal Victoria Hotel, 
Sheffield. Presidential Address, by Mr. H. S. W. 
Brittain. Lancashire Branch: Saturday, October 9, 
3 p.m:, Engineers’ Club, Manchester. ‘“‘ Contraction 
and Distortion in Iron Castings,” by Mr. E. Longden. 
Scottish Branch: Saturday, October 9, 3 p.m., Royal 
Technical College, Glasgow. (i) Presidential Address, 
by Mr. Wm. Y. Buchanan. (ii) “ Foundry Drying 
Systems,” by Mr. John B. Morton. 

INSTITUTION OF CIVIL ENGINEERS.—South Wales and 
Monmouthshire Association: Tuesday, October 5, 6 p.in., 
South Wales Institute of Engineers, Park-place, Cardiff 
“The New Approach to Engineering Design,” by Mr. 
J. 8. Caswell. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesdayv, October 5, 6.30 p.n:., 39, Elmbank- 
crescent, Glasgow. (i) Presidential Address, by Dr. J. M. 
McNeill. (ii) “‘ Can Operational Research Help Industry,” 
by Dr. T. E. Easterfield. 

NEWCOMEN SOCIETY.—Wednesday, October 6, 5.30 
p.m., Science Museum, South Kensington, 8.W.7. 
“The Origin of Transatlantic Steam Navigation, 1819- 
1833,” by Mr. H. P. Spratt. 

Junior INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, October 6, 7 p.m., James Watt 
Institute, Birmingham. Annual General Meeting. Insti- 
tution: Friday, October 8, 6.30 p.m., 39, Victoria-street, 
8.W.1. “Industrial Relationship,” by Commander (E) 
Kyrle W. Willans. 

INCORPORATED PLANT ENGINEERS.— Wednesday, Octo- 
ber 6, 7 p.m., Royal Society of Arts, John Adam-street, 
W.C.2. ‘“‘ Maintenance as Applied to Plastics Moulding,” 
Part Ill, by Mr. F. W. Parker. 

ROYAL AERONAUTICAL SOCIETY.—Birmingham Branch : 
Wednesday, October 6, 7.30 p.m., Chamber of Commerce, 
New-street, Birmingham. “‘ Power Plant Development,” 
by Dr. E. W. Still. . 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-East London Branch: Wednesday, October 6, 
8 p.m., South East London Technical College, Lewisham- 
way, S.E.4. “Instrumentation,” by Mr. W. Phillips. 
South London Branch: Thursday, October 7, 8 p.m., 
Café Royal, North End, Croydon. “ Artificial Three- 
Phase Systems,” by Mr. A. N. D. Kerr. 

ROYAL STATISTICAL SocIETY.—Industrial Applicatiens, 
London Group: Friday, October 8, 6 p.m., 2, Savoy-hill, 
W.C.2. “ Quality Control Charts in Cost and Produc- 
tivity Analysis,” by Mr. G. F. Todd. 

MANCHESTER STATISTICAL SocieTy.—Friday, Octo- 
ber 8, 6.45 p.m.. 16, St. Mary’s Parsonage, Manchester. 
“ Quality Control in Great Britain and the U.8.A.,” by 
Mr. L. H. C. Tippett. 








THURGOLAND RAILWAY TUNNEL.—The new 330-yard 
tunnel at Thurgoland, near Penistone, which has been 
constructed to facilitate the electrification of the Eastern 
Region main line from Manchester to Sheffield and Wath- 
upon-Dearne, will be brought into use on Sunday next, 





tion should continue to include engineers and surveyors 
serving all classes of local authorities. The offices of the 





more in keeping with the fields covered. 


Institution are at 84, Eccleston-square, London, S.W.1. 


October 3. It will accommodate the down main line 
from Sheffield, and the up line will be slewed and 
realigned in the middle of the old tunnel. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title, 


Telegraphic Address : 

“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 

TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 


to the Editor and all other correspondence to the} Rooks 


Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should Oo crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street. 
Strand, W.C.2. 








SUBSCRIPTIONS. 


‘“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada hy? a aw CU 

For Canada fA 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in.the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” ‘“‘ Situations 
Wanted,” *‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch.. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situatioris Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current weck’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. . 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession fur more 
than two years. 








INDEX TO VOL. 165. 


The Index to Vol. 165 of ENGINEERING 
(January-June, 1948) is now re and will 
hd sent to any stem ar Monee and 

stage paid, on a on being made to the 
Publisher to reduce the consump- 
copies of the Index are 

only in response to such 
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AMERICAN RESEARCH ON 
FLOW NOZZLES. 


TuE discovery of a relationship between the rate 
of flow of water and the difference of pressure 
caused by a constriction of its free passage must 
be among the earliest, as well as one of the most 
useful, achievements of hydraulics. Mr. J. R. 
Finniecome, in the introduction to his recent book* 
on flow-meters, recalls that the orifice plate was 
first used by the Romans, and says that the rounded 
nozzle claimed attention as an accurate measuring 
device prior to the introduction of the Venturi 
tube in the closing years of the Eighteenth Century. 
In view of this chronological order, it is tempting 
to suppose that the superior position enjoyed by the 
Venturi meter until comparatively recent times was 
due as much to the careful experimental researches 
of its inventor as to its inherent good qualities. 
The plate orifice certainly came into prominence as 
a commercial meter through the investigations of 
Gaskell, Hodgson and Judd, and the neglect of 
the flow nozzle seems attributable to its having had 
no similar sponsor, notwithstanding the elaborate 
experiments of Freeman on terminal pipe nozzles 
about 1890. The submerged-flow nozzle—a bell- 
mouthed inlet running tangentially into a short 
cylindrical outlet, mounted concentrically in a 
cylindrical pipe—is intermediate between the abrupt 
constriction of the diaphragm orifice and the 
gradually tapering lines of the Venturi tube. In 


to combine the outstanding merits of the two 
extreme types, and the fact that it was extensively 
developed for use in the German dye industry 
during and after the 1914-18 war suggests that 
cheapness and ease of installation in existing pipe 
lines—comparable with the diaphragm orifice, but 
with superior performance at high area ratios and 
less susceptibility to the effects of corrosion on its 
shape and flow characteristics—were primary con- 





* Flow Through Standard Nozsles, Orifice Plates and 
Venturi Tubes. ‘‘ Mechanical World ’’ Monographs, No. 





applications. 


its modern form, it probably represents an attempt. 


siderations. The overall loss of energy is higher than 
that of a Venturi meter, but, where that can be 
tolerated more easily than a long diffusor cone, the 


3| simplicity with which a flow nozzle can be clamped 


between pipe flanges is a strong point in its favour. 
The merits of the flow nozzle were recognised at 
a time when the theoretical background of fluid 
mechanics was exerting a profound influence on 
hydraulics and encouraging the establishment of 
laboratories for research. In Europe, elaborate 
tests were made upon nozzles and other types 
of flow meter, from which the German standard 
(D.I.N. 1952) designs of nozzle were formulated 
about 1930. That shape, originally known as the 
1.G. nozzle, has the same proportions as the I.8.A. 
1932 nozzles, adopted by the International Standard 
Association, and those later adopted for use in this 
country and incorporated in a provisional British 
Standard Code for the Measurement of Fluid Flow 
in Pipes and Ducts (B.S. 1042), which was issued in 
1943. A single standard of flow nozzle is thus 
common to the greater part of industrial Europe. 


3|In the United States, preference was given to a 


different basic shape. A sub-committee of the Fluid 
Meters Committee of the American Society of 
Mechanical Engineers, appointed in 1934 to stan- 
dardise flow nozzles and their coefficients,. decided 
that it was impossible to select one design of nozzle 
that would satisfy all cases. Accordingly, two 


2| forms were chosen—actually, much alike in prin- 


ciple, but differing in proportions of profile to suit 
different extents of constriction—and were manu- 
factured by various meter companies for indepen- 
dent calibration at various laboratories throughout 
the country. The major part of the work was 
carried out at the National Bureau of Standards, 
the School of Mechanical Engineering at the Uni- 
versity of Oklahoma, and the Mechanical Engi- 
neering Laboratory at the Ohio State University. 
This distribution of the calibration research not 
only expedited a formidable task and made use of 
existing plant suitable for testing large rates of 
flow of fluids other than water, but was valuable 
as indicating the accuracy achievable with commer- 
cial flow nozzles under varying conditions of practice. 

The results of all these tests were reported to a 
group of three members of the Nozzles Sub- 
committee, namely, Mr. H. S. Bean of the National 
Bureau of Standards (chairman), Professor S. R. 
Beitler of the Ohio State University and Mr. R. E. 
Sprenkle of the Bailey Meter Company, who 
undertook the analysis of the data. Between 1937 
and 1941, five papers were published, dealing with 
various aspects of the work. A sixth report,* more 
comprehensive and, in some respects, more critical 
than any of the others, was held up by the war and 
could not be published until May, 1948. In it are 
presented many thousands of test results on 180 
nozzles, showing discharge coefficients in relation to 
rate of flow and nozzle size, the main purpose of the 
report being to summarise these data and discuss 
the correlation among the different methods of 
nozzle flow-metering practice. The experimental 
calibrations covered water, oil, steam, air and coke- 
oven gas, as regards the fluid; pipes ranging up to 
3 ft. in diameter, made of steel, iron, brass and 
copper; three positions of pressure tappings; a 
range of Reynolds number to well above 2,000,000 ; 
and sundry modifications of nozzle shape. 

The A.S.M.E. flow nozzles, adopted in 1936, are 
like the I.S.A. standard in that the inner profile 
consists of a compound curve of increasing radius, 
terminating in a short cylindrical throat. They 
differ in that the overall length is greater, and the 
rate of constriction somewhat less abrupt, in the 
American designs, the curved portion of the profile 
being a quarter of an ellipse, the major axis of 
which lies in the internal surface of the pipe in 
which the nozzle is mounted. Also analagous to 
the British and I.S.A. Standard, two sets of propor- 
tions are specified according to whether the ratio 
between the diameters of the nozzle throat and 
pipe is small or large, such that the large throat- 
ratio American nozzle is markedly longer than the 





* Research on Flow Nozzles by the A.S.M.E. Special 
Research Committee on Fluid Meters. Ohio State Uni- 
versity Engineering Experiment Station, Columbus 10, 
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British. The difference in performance between 
the two standards was investigated in the course 
of the American research by tests upon eight I.S.A. 
nozzles. Instead of analysing separately the test 
results so obtained, however, the Bulletin compares 
the final A.S.M.E. values of discharge coefficient, 
.in relation to Reynolds number and throat ratio, 
with values for the German standard V.D.I. nozzle, 
published in 1935. Although the conclusion stated 
is that the discharge coefficients for the two forms 
of nozzle are not markedly different, it is apparent 
from graphical comparisons that the V.D.I. coeffi- 
cients are, fairly consistently, slightly lower than 
those for the A.S.M.E. nozzles, and very decidedly 
lower at low ‘and high values of throat ratio, over 
the range of Reynolds number up to about 40,000. 
It is worth remarking that the direction of this 
disparity is borne out by calibrations of A.S.M.E. 
nozzles from which the cylindrical throat extension 
had been removed. This modification diminished 
the discharge coefficients slightly, but, even in 
combination with deliberate roughening of the 
entrance surface, produced no worthwhile diminution 
in the variation of coefficient with Reynolds number. 
Another feature in which the American meter 
differs from the British standard is the alternative 
situation of pressure tappings at positions other than 
the “‘ corners” where the nozzle flange intersects 
the line of the pipe wall, which this Bulletin justifies 
on the grounds of its practical convenience. The 
so-called ‘‘radius” taps are situated in the pipe 
wall, respectively one pipe-diameter upstream and 
about half a pipe-diameter downstream of the 
upstream face of the nozzle flange, with the proviso 
that the latter tapping should not be beyond the 
outlet end of the nozzle except for nozzles of small 
diameter-ratio, where this requirement cannot be 
met. The gradients in these regions are 
so flat, however, that considerable tolerance in the 
tapping pesitions does not appreciably affect the 
accuracy of flow measurement. The same applies 
to the “throat” tap, which combines an upstream 
pressure point, at the same position as that of the 
radius tap, with one or more holes in the throat 
of the nozzle itself, from which tubes are led outside 
the pipe through the nozzle flange. There seems 
to be no superior accuracy to warrant so complicated 
an arrangement, and, while the Bulletin refers to an 
earlier paper in which the authors analysed the 
results for radius taps, they are concerned in the 
present Bulletin almost exclusively with corner taps. 
Having determined a relation for the effect of pipe 
size, or relative roughness, they refer all results 
to a 3-in. pipe and submit average values of discharge 
coefficients relative to Reynolds number for the 
pipe and for the nozzle throat, as well as in relation 
to the ratio between nozzle and pipe diameters. 
This rather drastic generalisation of the data 
entails consideration of the probable uncertainty 
or range of error by which an individual flow-nozzle 
assembly may be expected to differ, on the average, 
from the correlated values. It appears that, for 
nozzles fitted with corner taps, the probable uncer- 
tainty ranges from + I-5 per cent. in 2-in. pipes 
down to + 0-75 per cent. in pipes of more than 
3in. bore. As many of the nozzle calibrations must 
have been made against secondary standard meters, 
weirs, traversed Pitot-tubes and the like, themselves 
subject to uncertainty, it is evident that the use of 
the coefficients presented graphically in the Bulletin 
will be less than adequate for many industrial pur- 
poses. In such cases, individual calibration of the 
complete installation, including the pipe system 
in which it is mounted, will be desirable both when 
the nozzle is new and afterwards periodically if the 
nozzle and pipe are liable to become rough or dirty 
with use. In contrast with the uncertainty of 
+ 0-75 per cent. to which the commercial flow-nozzle 
is subject, the A.S.M.E. Fluid Meters Sub-committee 
remark that it is possible to predict the discharge 
coefficient of a plate orifice, with vena-contracta 
taps, to within + 0-4 per cent. The considered 
opinion of the authors of this Bulletin is that the 
orifice is still the most easily reproduced primary 
flow-metre and has the most closely predictable 
coefficient. This opinion many engineers can en- 


dorse, and it is a weighty argument against using 
flow nozzles in preference to orifice plates unless the 
practical advantages are beyond question. 





NOTES. 
Screntiric Firm Coneress. 


THE second congress of the International Scientific 
Film Association is to be held at the rooms of the 
Royal Empire Society, Craven-street, London, 
W.C.2, from Monday, October 4, to Monday, Octo- 
ber 11. The Scientific Film Association of Great 
Britain and the British Film Institute are respon- 
sible for the programme, which comprises both 
business meetings and the display of a number of 
films. At the former, which will occupy three days, 
a@ number of methods of overcoming obstacles in 
the way of the free interchange of scientific films, 
such as Customs restrictions, will be discussed. 
The questions of the preparation of an international 
film catalogue and library, and of the production 
of films by international co-operation, will also be 
dealt with. During the last three days some 60 
scientific films, deriving from most European coun- 
tries, as well as from the British Dominions and the 
United States, will be shown at three-hour sessions 
in the afternoons and evenings. These will be open 
to the public on prior application being made to 
the Association at 34, Soho-square, London, W.1. 
A wide range of subjects is covered, although the 
main interest is biological. Engineers, however, may 
be attracted by a short film on ‘‘ Cornish Engines,” 
and by another on “Precise Measurement for 
Engineers,” produced by the Metrology Department 
of the National Physical Laboratory. A Belgian 
film dealing with pre-cast concrete will also be 
shown. Various aspects of atomic physics will be 
illustrated by four films from this country, Canada 
and the United States, respectively. After the 
congress a one-day conference on ‘‘The Film in 
Scientific Research” will be held at the Royal 
Institution, Albemarle-street, London, W.1. At 
this the subjects of ‘‘ The Film as a Research Tool ”’ ; 
“Research Films as an Aid to the Training of 
Scientists” ; and “‘ Scientific Films as a Medium of 
explaining Research to the General Public” will 
be discussed. This conference will be opened by 
Sir Robert Watson-Watt and among the speakers 
will be Dr. T. E. Allibone, Professor G. I. Finch, 
Dr. N. Stewart and Mr. A. M. P. Brookes. A 
number of British and foreign research films will 
also be shown. 


SienaLts RESEARCH AND DEVELOPMENT 
EsTaBLISHMENT. 

The Signals Research and Development Estab- 
lishment, which is situated at Christchurch, Hamp- 
shire, held ‘‘ open days ” on September 22, 23 and 24, 
when representatives of the Services and of Govern- 
ment departments, and of the electrical and radio 
industries, attended to inspect some of the Estab- 
lishment’s activities. Like the Telecommunications 
Research Establishment at Malvern, the S.R.D.E. 
comes under the general control of the Ministry 
of Supply, and on Thursday, September 23, Mr. 
John Freeman, M.P., the Ministry’s Joint Parlia- 
mentary Secretary, was the principal guest. 8.R.D.E. 
is one of the oldest of the Government establish- 
ments engaged on the development of telecommuni- 
cation equipment for military purposes; it 
originated from the Wireless Telegraph Experi- 
mental Establishment, formed in 1904 to exploit 
the military uses of radio, and, after various moves, 
was set up in 1945 near Christchurch. Its primary 
object is to develop communication equipment for 
the British Army, and for this purpose, its work is 
broadly divided into the three main divisions of 
research, development and engineering, under the 
chief superintendent, Dr. G. W. Sutton, M.Sc. The 
research division is responsible for keeping in touch 
with any scientific data which may have some bear- 
ing on the field of telecommunications for the Army, 
and the development division is entrusted with the 
general design of prototype equipment for field- 
wireless, direction-finding, and for receiver and 
loudspeaker units, and the associated test gear. 
This division also carries out endurance tests on 
individual components and on completed assem- 
blies.. The endurance testing caters for a wide 
range of Service requirements, including Arctic and 
tropical environments, rain storms, sand storms 
and high-altitude conditions. Equipment is also 
exposed to corrosive attacks, and to vibration 





and mechanical’ handling tests. Ingenious appa. 
ratus has been devised and installed for the endur. 
ance ‘testing of small switchgear, and of cables and 
wires when subjected to various degrees of bending 
and flexure. The engineering division, which 
possesses a large workshop, is responsible for the 
detailed mechanical design and manufacture of 
most of the apparatus required by the establishment ; 
it also prepares parts-lists and working instructions 
for the Army signal equipment. Of the various 
research and development projects demonstrated, 
one showed that the resonance effects exhibited by 
certain nuclei (in this case, the hydrogen proton) 
when excited in a steady magnetic field might be 
used for controlling frequency. Another showed 
how a flat spring could be bent into a sine-curve 
shape to give a continuously variable stiffness 
which might be needed in special applications where 
large mechanical amplifications are required. The 
more spectacular displays included a mock battle, to 
demonstrate the use of portable wireless equipment. 


GENERATION OF ELEcTRICITY BY WIND Power. 
Early in the present year a Committee was set 
up by the British Electrical and Allied Industries 
Research Association, under the chairmanship of 
Mr. T. G. N. Haldane, to investigate the possibilities 
of using wind power on a large scale for the genera- 
tion of electricity. A considerable amount of 
work has been done already, including ‘the collation 
of data, the initiation of experimental investigations 
based on preliminary studies, and the examination 
of proposals and suggestions received in connection 
with future investigations, so as to select those that 
are likely to be the most profitable. Any person or 
body having a definite proposal on this subject to 
put forward is asked to bring it to the attention 
of the Committee by writing to Mr. E. W. Golding, 
15, Savoy-street, London, W.C.2. The Committee 
was appointed to consider the technical and economi- 
cal problems of large-scale aerodynamic power 
generation in Great Britain, including the collection 
of all available information and evidence, the 
principles of the selection of sites and the wind 
energy derivable therefrom, the co-ordination of 
wind-driven generators with supply systems, the 
essential design features of wind-driven generators, 
and the design problems which remain to be solved. 
At present, little use is made of wind power for 
generation, even in the northern and western 
coastal districts, where it is available in abundance 
during many months of the year, except for small 
electric-light installations in isolated premises 


Tur Locn Dusn Hypro-Execrric ScHEME. 


Details of the Loch Dubh (Ullapool) project (Con- 
structional Scheme No. 20) were announced by the 
North of Scotland Hydro-Electric Board on Friday, 
September 17. This scheme will provide electricity 
for an isolated area of 220 square males in the 
western parts of Ross-shire, where a population of 
2,000 will be served by the Board’s Lochinver and 
Ullapool distribution schemes. The Loch Dubh 
project will have an output of 4,550,000 kWh per 
annum. The main works will be situated on the 
Allt A’Mhuilinn, a tributary of the River Kanaird, 
and will utilise the water of Loch Dubh, Loch Dubh 
Beag, Loch Ob an Lochain and Loch Beinn’ Deirg, 
about four miles north of Ullapool. A dam, 18 ft. 
high and 220 ft. long, will be constructed across the 
Allt A’Mhuilinn below its junction with the stream 
issuing from Loch na Maoile and will enlarge Loch 
Beinn’ Deirg. A second dam, 33 ft. high and 175 ft. 
long, will be built across the Allt A”Mhuillin, near 
the outlet of Loch Dubh, and will convert Loch 
Dubh, Loch Ob an Lochain and Loch Dubh Beag 
into one reservoir. The generating station will be 
built near the Ullapool-Lochinver road and will have 
an ultimate capacity of 1,800 kW, the gross operat- 
ing head being 515 ft. A steel pipe line, 3,700 ft. 
long, will connect Loch Beinn’ Deirg with the 
generating station. At a later stage a second pipe- 
line will be laid. The scheme has been prepared by 
Sir William Halcrow and Partners, Caxton-street, 
London, §.W.1, and Messrs. Blyth and Blyth, of 
Edinburgh, who will also supervise the construction. 
The generating station of the Ullapool undertaking, 
which was purchased by the Board last year, is to 





have its capacity increased from 39 to 225 kW to 
meet the increasing demand for power. 
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THE INSTITUTION OF 
NAVAL ,ARCHITECTS. . 


THE autumn meeting of the Institution of Naval 
Architects was held in London last week under the 
presideney of Admiral of the Fleet Viscount 
Cunningham of Hyndhope, G.C.B., O.M., and (in- 
cluding visits to works, etc.) extended from Tuesday 
morning, September 21, to Friday evening, Septem- 
ber 24. Technical sessions occupied the mornings 
of Tuesday, Wednesday and Thursday; the 
members and their ladies met at a luncheon in the 
Waldorf Hotel on Tuesday; and the rest of the 
week was devoted to visits. The paper presented 
on September 21 was on ‘‘The Measurement and 
Recording of the Forces Acting on a Ship at Sea,” 
and was in two parts, the first dealing with ‘‘ Sea 
Trials on a 10,000-ton d.w. Cargo Steamer,” by Mr. 
F. B. Bull, M.A., B.Sc., and Professor J. F. Baker, 
O.B.E., Sc.D. ; and the second, with “‘ The Instru- 
ments Used on the Trials,” by Mr. A. J. Johnson, 
B.Sc., A.C.G.I., and Mr. A. V. Ridler. 


Sza TRIALS ON A 10,000-ToON D.w. Carco STEAMER. 

Professor Baker, introducing the first part of the 
paper, explained that the investigation was carried 
out for and under the direction of the Admiralty 
Ship Welding Committee. His own part had been 
that of consultant; the credit for the detailed 
planning of the work, the development and fitting 
of instruments, the observations made on the 
voyages across the Atlantic and the arduous and 
responsible work of reducing the mass of data 
obtained must go to the able band of young men 
and women under the leadership of Mr. Bull. 

The sea trials described were made with the 
American-built welded ship Ocean Vulcan, and were 
designed to ascertain the stresses set up in the hull 
when at sea; they were a development of those 
previously undertaken with the tanker Niso. The 
Ocean Vulcan was built in 1942 by the Todd Cali- 
fornia Shipbuilding Corporation, and was welded 
throughout, except for the connection of the frames 
to the side shell, which was riveted. The dimensions 
were: length between perpendiculars, 416 ft., and 
overall, 441 ft. 6in. ; breadth moulded, 56 ft. 103 in.; 
depth moulded, 37 ft. 4 in.; displacement, at 
summer load draught of 26 ft. 10} in., 13,700 tons ; 
deadweight capacity at summer load draught, 
10,450 tons. She was propelled by triple-expansion 
reciprocating steam engines of 2,500 h.p., placed 
amidship. The trials were carried out during eight 
round voyages across the Atlantic, spread over the 
17 months from December 29, 1945, to May 19, 1947, 
during which 295 days were spent at sea, 203 of 
them in open waters. The stresses to be investi- 
gated were those arising from changes of water 
pressure on the hull, and the accelerations of move- 
ment of the ship among waves; impact stresses, 
vibration stresses, and the residual stresses due to 
welding were not included. For the measurement 
of the pressure distribution round the hull, pressure 
gauges were fitted at representative points through- 
out the underwater part of the ship and were 
grouped in 12 sections, each of which was also 
equipped with electrical indicators to measure the 
height of the wave surface on the side of the hull. 
As some 700 wave-profile indicators and more than 
100 gauges were fitted, they were all connected to a 
central control room and mounted on a single large 
panel, which was photographed automatically twice 
in every second by a special form of camera. Other 
apparatus included accelerometers, strain gauges 
of the electrical resistance type, a Chernykeef log, 
two types of torsionmeter (on the propeller shafting), 
stereoscopic cameras to photograph the surface of 
the sea, roll and pitch recorders, wind speed and 
direction indicators, propeller-shaft revolution indi- 
cators, @ yaw indicator, a statistical recording 
strain gauge (to record reversals of stress), and 
various portable instruments. In addition, a 
bridge control position was provided, with ten push- 
button indicators arranged to signal to the control 
room various special incidents (such as the presence 
of free water on the deck) which might affect the 
regular readings. 

INSTRUMENTATION FOR SEA TRIALS. 


Mr. A. J. Johnson, introducing the part of the 
paper dealing with the instruments used, said there 





was nothing new in the principles of them, but the 
applications of those principles were unique in 
certain cases. The instruments gave satisfactory 
records throughout the trials; but, as the trials 
progressed, gradual deterioration necessitated more 
exhaustive servicing to maintain efficiency. In 
the pressure gauges, there were two chief causes of 
trouble. First, the electrolytic action excited by the 
sea water caused deposits to be formed round the 
periphery of the beryllium-copper diaphragm, thus 
changing its characteristics; secondly, the plastic 
covered cables of the gauges located in tanks 
yielded under pressure of the gland packing, and 
allowed water to permeate into the gauges, causing 
short circuits. The chief sources of trouble with 
the wave-profile indicating system were in the mech- 
anism of the telephone indicators and cracking of 
the polystyrene plugs, which also resulted in short 
circuits. After some preliminary difficulties the 
photographic recording apparatus gave extremely 
good service. The general requirements governing 
the design of the equipment of instruments were 
that there should be no interference with the normal 
working of the ship; that the instruments them- 
selves should be proof against dirt, moisture, and 
mechanical shocks; and the recording should be 
automatic as far as possible. The 12 cross-sections 
at whichreadings were taken, as indicated above, were 
not uniformly distributed, but were grouped more 
closely together towards the ends of the ship, 
where the form changed rapidly, than along the 
middle body; the positions were determined in 
part by structural features of the hull, such as the 
collision bulkhead (which it was undesirable to 
pierce for cable leads) and the boiler room. The 
vertical disposition of the wave-profile indicators 
was designed to give good coverage from a few feet 
above the turn of the bilge up to the upper deck. 
There were 60 of these indicators (30 on each side) 
at each recording section except the aftermost, on 
the cruiser stern, where there were 20 on each side. 
Four accelerometers were fitted, in a horizontal 
plane parallel to the keel. The roll and pitch 
units were gyroscopically operated; and a gyro 
repeater in the instrument room, used to record 
yaw, was wired to the main gyro-compass on the 
bridge. Twenty strain gauges were fitted, all on a 
transverse section close to mid-length, where 
the maximum bending moment was expected ; 
14 were spaced across the tank top and the remaining 
six on the sheer strakes, three at each side. Of the 
three wind-speed indicators, two were fixed in a 
transverse direction, on the foremast and mainmast 


crosstrees, respectively ; and the third (arranged to 


record wind direction as well as speed) on a pedestal 
on the flying-bridge deck. The two stereoscopic 
cameras were mounted at the ends of the flying 
bridge and were correlated by making part of the 
ship’s structure common to the two fields of view. 

Mr. F. B. Bull exhibited a cinematograph film 
illustrating the work during the trials, details of the 
instruments apd the recording of results. These 
included some animated bending-moment and 
wave-profile diagrams, and photographs of the seas 
encountered on the voyages, which, he said, could 
not be regarded as unusual. 

Sir Amos L. Ayre, K.B.E., who opened the 
discussion, explained that, at a certain stage of the 
work described, it was realised that there were 
available a prototype riveted ship, built in this 
country, and. almost an identical ship, practically 
all-welded, built in the United States. It was 
decided to take that, opportunity, which might never 
occur again, to ascertain what difference there might 
be between the riveted and the welded ship. He 
believed that, in some respects at least, there might 
not be much difference. It was also decided to 
examine some of the fundamentals of the subject 
of the strength of ships. They had sought the 
help of Cambridge University in particular, and 
he was glad to pay tribute, on behalf of the Ship 
Welding Committee and the Sub-Committee, to 
the enormous help received from the team under 
the leadership of Professor Baker. 

Mr. R. B. Shepheard said that the work described 
in the paper followed on from the earlier experiments 
undertaken by the Admiralty Ship Welding Com- 
mittee on similar welded and riveted ships in still 
water. That, earlier work had been of definite 


value, particularly for tanker construction, and in 
the experience gained in instrumentation and 
analysis. The technique of the indirect method of 
stress measurement at sea emphasised that whereas, 
in experimental work on buildings and bridges, the 
loads producing the stresses were accurately known, 
the naval architect had been handicapped by the 
difficulty of determining loading accurately under 
the constantly changing conditions at sea. The 
equipment had proved satisfactory and reliable in 
operation, and the data recorded were capable of 
accurate analysis. The correlation between bending 
moments derived from the indirect method and from 
the checking gauges was reassuring. Discussing 
some curves of stress distribution, which admittedly 
were approximate, he said that the comparison of 
results from four film frames was illuminating. 
In two of them, the ship was practically upright, 
but in one instance it was subjected mainly to 
vertical bending, while in the other instance 
horizontal bending had an important influence on 
the results. In the other two frames, the inclination 
was to starboard, but horizontal bending was impor- 
tant in one case and not in the other. It was 
obvious from the figures that significant horizontal 
bending could and did take place, irrespective 
of the angle of inclination of the ship. It would be 
of interest to know the extent to which acceleration 
affected the results. 

Mr. James Turnbull, C.B.E., said that a close 
study of the fractures observed and of the structural 
details in way of them, had led already to great 
improvements in later designs, and the results had 
been most gratifying. He had been surprised that, 
so far, the bending tests had not shown any strong 
difference in behaviour between the welded and the 
riveted ship ; for that reason, it might be found that 
the measurements of the sea forces would be a little 
more useful. At the same time, the fact that large 
differences were not. shown was worth noting. The 
observed fact. that more severe stresses were 
experienced in the loaded condition than in the 
ballast condition did not square with his own 
experience in regard to failures ; it had been found 
in cargo ships that the ballast condition was much 
more severe in regard to bending. That apparen 
anomaly led him to wonder whether “slamming ” 
were not a vital factor; and it might help the 
consideration of welded v. riveted ships if more 
were known about what occurred when a ship 
slammed. It might be that the riveting had a 
damping effect which prevented the failure that 
was experienced rather too often in welded 
ships. 

Captain H. E. Saunders, United States Navy, 
appreciated what the authors had said about slam- 
ming and shock phenomena ; but he was glad that 
they. had mentioned “steady wave action,” because 
he could now state, without reluctance, his opinion 
that the sea trials described where an extended case 
of static loading of the hull, in contrast with what 
he and many others considered as being dynamic 
loading. He did not say they were entirely static, 
but, in the main, the tests covered what was now 
referred to in America by the general term “ static 
loading.” He i that, in time, it would 
be found that static loading of that kind was not the 
determining factor in the strength of ships’ scruc- 
tures at sea; and he believed that analysis would 
prove that most casualities at sea had resulted, 
in the first place, from a fracture or a buckle that 
had occurred as the result of dynamic loading, as 
in the case of slamming or waveimpact. Afterwards 
the fracture or buckle had extended as the result of 
repeated stresses due to wave action of the kind 
described in the paper. Although it was taught at 
school that the dynamic load factor was always 
2, recent studies showed that it depended on the 
ratio between the natural period of vibration of the 
structure, considered as a simple structure, and the 
time of the application of the load ;. therefore, the 
dynamic load factor might be less than 2, it might 
be 2, or it might be even greater than 2. It had 
been a matter of surprise, in connection with turret 
design for naval vessels, that the dynamic load 
factor on some of the large-calibre gun turrets had 
been. much closer to 1 than to 2, that relationship 





being favourable as between the time of recoil of the 
gun (the time of application of the load) and the 
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natural period of vibration of the turret structure 
combined with portions of the ship’s structure. 

A diagram in the paper, indicating the effect of 
8 i on acceleration stress and pressure, 
showed that a slam had occurred at a time interval 
of four seconds ; and at one pitching period after the 
slam there was stillan appreciable flexing of the struc- 
ture. The pitching period of the Ocean Vulcan must 
be of the order of five seconds ; thus at nine seconds 
the accelerations and the stresses were still appre- 
ciable. On numerous occasions he had noted that 
a second slam occurred at one pitching interval after 
the first; if the second slam occurred at just the 
proper phase of the vibration cycle of the ship, as 
it could do, the accelerations and stresses caused 
thereby could considerably exceed those due to the 
first slam. In cases where buckles had occurred on 
the structures of ships, it would not surprise him 
to find that they had occurred on the second impact 
rather than the first. A slamming impact could be 
exerted vertically or more or less horizontally. 
There had been cases where the bows of light cruisers 
had been bent by horizontal slamming, necessitating 
repairs; in one well-known case, buckles had 
resulted from slamming and, by next morning, 
100 ft. of the bow had been lost. He believed that 
eventually there must be a second criterion for the 
strength of ships’ structures, based on impact loads 
which might be encountered in service and on the 
vibration characteristics or the elastic characteristics 
of the structures. One of its objects would be to 
search out discontinuities in ships’ structures, 
because fractures and buckles occurred at the dis- 
continuities. In studying the problem of impact 
on ships’ structures, he and his colleagues had found 
that the literature lacked reference to the elastic 
behaviour of a simple beam to which an impact 
load was applied at one end at right angles to the 
axis ; the only relevant information they had found 
was in Lord Rayleigh’s book, The Theory of Sound, 
which, supposedly, had nothing to do with waves and 
ships at sea. For several years, the United States 
Navy Department had carried on, at the University 
of Michigan, a research to investigate that particular 
feature, but, before it could be completed, naval 
architects would have to provide more data on the 
nature and magnitude of slamming loads. 

Dr. 8. Livingston Smith referred to a statement 
by the authors, in their critical inspection of the 
indirect method of determining stresses at sea, that 
relief of stress might be afforded to a riveted struc- 
ture by its ability to conform more nearly to the 
wave shape, on account of a presumed extra flexi- 
bility. He asked if they had any theoretical justi- 
fication for presuming greater flexibility in a riveted 
than in a welded ship, and whether the tests at 
sea or the still-water bending tests afforded any 
confirmation of the presumed extra flexibility. He 
also asked whether the photographic records gave 
any information regarding lag effects between the 
imposition of load and the appearance of the result- 
ing stress. The authors had disclaimed any real 
attempt to measure slamming pressures, and perhaps 
they would agree with him that the pressure gauge 
used would be quite unsuitable for the instantaneous 
reeording of slamming pressures. The whole ques- 
tion of slamming was receiving the attention of the 
British Shipbuilding Research Association. 

Mr. D. E. J. Offord said that, assuming it to be a 
definite requirement that the forces on a ship in a 
seaway should be measured, the scheme adopted 
was excellent and was most ably worked out. The 
instruments were almost perfect, yet it was estimated 
that a team of people would be employed for several 
years on analysing records which told only what had 
happened in a few minutes of the long life of a 
single ship. Could not the instruments have been 
designed to reduce their own records, if not com- 
pletely, then at least to a stage where the manual 
reduction would have been of manageable amount ? 
An attempt’ to do that was made in the statistical 
strain-gauge equipment ; something similar seemed 
to be required for other gauges. If it were not 
possible to develop self-reducing instruments, would 
it not have been better to have been less ambitious ? 
The technique of the trial was concerned only with 

ing the forces which came upon the ship as 
a whole, and not with the transmission of those 
forees through the structure, It was concerned 





with general structural strength; but was that a 
real problem of present-day shipbuilding ? He 
inclined to the view that problems of local strength 
and stress concentrations were the problems in most 
urgent need of solution. The line of argument was 
that a ship was a structure, and to design a structure 
it was necessary to know the forces coming upon 
it; the forces on a ship in a seaway were not known, 
therefore they must be measured. That was the 
classical and fundamental approach, but it rather 
ignored the fact that ships had been evolved through 
the ages and that present design, although perhaps 
not based upon sound scientific principles, was 
based on many hundreds of years of experience. 
Was it necessary, therefore, to approach the problem 
as if no ship had ever before been built or designed ? 
It might have been better policy to have employed 
the limited scientific and technical personnel avail- 
able in solving some of the many stress problems of 
which ship designers were well aware. 

Inquiring how well the wave-profile and water- 
pressure measurements agreed, he asked what error 
would be introduced if, for example, wave profile 
only were measured and the pressure distribution 
were assumed to be that which would result if such 
a water surface could exist in static equilibrium. It 
had been stated that cracks round square door open- 
ings were always at the diagonally opposite corners ; 
could the authors give a reason for that? Com- 
menting that, in the paper, the forces acting were 
equated to the weight and inertia of the ship and the 
accelerations they caused, he asked if it were not 
necessary to include the virtual mass of the dis- 
placed water as well as the mass of the ship when 
considering pitching, rolling and yawing motions. 
Attempts to measure “ heart of plate ” stresses were 
abandoned because of difficulty with strain gauges 
on the sea side of the plating. It was stated that 
the plating in the regions concerned was “‘ fair,” so 
that no significant bending actions were to be 
expected. Were appreciable bending stresses ob- 
served when outside gauges were working, and could 
it be assumed that fairness, as judged by eye, was 
an adequate criterion of the absence of appreciable 
bending stresses ? 

Mr. J. L. Kent, recalling some work with which 
he had been concerned at Teddington on a design of 
ship which had suffered considerable damage by 
slamming, said that he and Dr. Baker had designed 
an apparatus to measure one definite pressure 
instantaneously. The instrument was placed on 
the model in the position equivalent to that at which 
the damage had occurred on the ship. He had 
subjected the model to pitches such as would never 
be experienced at sea, but could not produce slam ; 
later he had obtained slam when the pitching was 
small, and his experiments had indicated that it 
was the heaving, not the pitching, that caused the 
trouble. Subsequently he went to sea on the ship 
concerned, and from his observations had concluded 
that pitching and slamming perhaps did not go 
together. During the last few months he had 
re-examined his records, and was preparing a paper 
giving data from ships and models on slamming, 
which he hoped would throw some light on the 
matter. He had seen very large I beams split by 
a slam. As it could not be predicted when a 
slam would occur, and it occurred within a very 
small fraction of a second, it had to be recorded 
automatically, and it was necessary to select the 
ship in order to experience slamming. He believed 
that some ships did ‘not slam at all. 

Mr. G. M. Boyd, commenting o na drawing in the 
paper showing how slipping at staggered butts 
caused slipping in riveted seams, said that slip in 
the vertical butts did not necessarily imply slip all 
along the seams ; even if a butt were to fail entirely, 
the resulting opening-up would be taken up within 
quite a few rivet spaces. That had been observed 
in practice, when fractures had extended across a 
plate, and, although they had opened up for perhaps 
as much as § in. the disturbance of the rivets a few 
few pitches away was ically nil. The struc- 
tural cracking which was observed during the trials 
might be referred to as normal; in other words, 
they were easily accounted for on the basis of fatigue 
at points of stress concentration, and were not at 
all in the same category as those of the American 
welded ships which had given rise to the investiga- 





tions. The interesting fact about the fractures in 
the Ocean Vulcan was that they did not progross, 
although presumably the ship had suffered stresses 
just as bad, including slamming, and had the same 
locked-up stresses as had other ships.. Comment ing 
on Captain Saunders’s remarks, he asked how 
“* dynamic load ” was to be defined, and what were 
the effects to be expected from a dynamic load which 
could not be expected from a static load. 

Professor G. Vedeler, referring to slamming, con. 
sidered it of some importance to watch what was 
happening when, for instance, there was heavy cargo 
in a ship. He did not like the expression “slip” 
in connection with rivets, and he did not think there 
would be any slip in riveting subjected to small 
stresses. If there should be any difference between 
a riveted and a welded ship in connection with the 
deflection, it should be looked for rather in all con- 
nections with angle bars. The connection of the 
frames at the bilge might have some importance, 
though he did not think it was much. The authors 
said that no significance was attached to the slight 
difference revealed in the bending moments arrived 
at by the two methods; but the bending moment 
curves showed a difference of something like 20 per 
cent., and he suggested that, if that difference was 
always in the same direction, it might be desirable 
to find out the reason for it. Some importance 
might be attached to what was called “ shear lag,” 
the reduction in section modulus because of the 
variation of the bending moment, and also to the 
calculation of acceleration forces. With regard to 
the attachment of strain gauges, he wondered why 
the authors had not followed the German practice 
of welding on a piece of steel of the samé thickness 
as the plating and attaching a strain gauge to that. 

Dr. E. V. Telfer observed that, in examining 
damage forward in ordinary ships, in addition to 
the obvious structural damage there was often 
marked evidence of the pitting of the plating in 
that position. He asked the authors whether any- 
thing in the nature of cavitation might be diagnosed 
in that vicinity. It was rather significant that all 
their pressure discs in that region were destroyed, 
as that was always the case with cavitation pressure. 
He wished that somebody less strength-minded and 
more hydrodynamic-minded than the authors had 
accompanied the expedition, for, whereas they were 
interested principally in the ship during bad weather, 
measurements of pressure distribution round the 
hull in fine weather would have been interesting also. 

Mr. F. B. Bull, replying to the discussion, said 
that it would take a year or two yet to complete the 
work of analysis, but it was hoped to issue interim 
reports from time to time. Eight computers were 
engaged on the work, which was proceeding with all 
possible speed ; but it must be done efficiently and 
must not be unduly rushed. Referring to the com- 
ments on slamming, he said that the indications from 
the trials were that the pressure ranges were probably 
in excess of 100 ft. head of water. It would be 
necessary to design further instruments to cover 
those ranges, and those instruments must be very 
much more responsive in the time scale than those 
used in the trials, The reference made in the paper 
to slip was rather in the nature of an apology for 
what he presumed was a pre-conceived notion on 
the part ofa great number of people, that they would 
have found in the ship a considerable amount of give 
in some form or other; he had set out to show 
that, even if it did occur, it did not vitiate the work 
that was done. With regard to a request for 
information concerning bending moments at places 
other thanamidships, he saidthat envelopediagrams 
would be given to cover the maximum moments 
that could occur at any point in the ship. On the 
cushioning effect of entrapped water, he said that 
he and his colleagues had been measuring the 
pressure between the water and the ship; whether 
or not the water was dragged along with the ship 
was immaterial to their calculations. He would 
never trust the eye for the estimation of bending 
stresses ; it was confirmed during the static trials 
that the local bending stresses were extremely 
small. Mr. Boyd had referred to “normal” frac- 
tures, but those who were on board would not have 
called them normal ; the crack which was spreading 
across the deck was rather alarming. 

(To be continued.) 
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THE BRITISH ASSOCIATION 
MEETING AT BRIGHTON. 


(Continued from page 305.) 
PortsmouTH DookyYARD. 


Tue morning and afternoon of Saturday, Septem- 
ber 11, were occupied by a visit to H.M. Dockyard, 
Portsmouth, by permission of the Admiral Superin- 
tendent, Vice-Admiral L. V. Morgan, C.B., C.B.E., 
M.V.O., who, after welcoming the visitors, delivered 
a short lecture on the history of the Yard* and 
explained the present organisation. For ‘this 
purpose, he said, the Yard was divided into six 
large departments, or ‘‘ firms,” each with its own 
manager, while the Admiral Superintendent acted 
as managing director. The six departments were 
the Captain’s Department, which dealt with sail 
work, rigging, awnings, etc.; the Constructive 
Department, which dealt with the building and 
re-fitting of ships’ structures; three Departments 
dealing, respectively, with Engineering, Electrical 
Engineering and Civil Engineering; and the 
Stores Department. The Chief Engineer Officer was 
«chairman ’”’ of the six departments, being con- 
cerned with the working of the team as a whole, 
while the Admiral Superintendent, at the top, was 
not a technician, but was probably the most 
experienced user. The personnel number some 
25,000. The Yard Committee, consisting of repre- 
sentatives of the management and the trade unions 
in equal numbers, met monthly and there were 
discussions by managers at departmental level, 
and also monthly shop meetings. 

After luncheon in the Murray-lane canteen, the 
visitors were divided into four groups for a tour 
of the Dockyard, a departmental manager acting 
as guide in each case. The itinerary included the 
drawing office and mould loft of the constructive 
department, the building slip, factory, boiler shop, 
foundries, and gunnery-equipment section, as well 
as some of the graving docks and the Admiralty 
floating dock. The latter, which has a lifting 
capacity of 60,000 tons, was built for Southampton 
Docks, but being no longer required there after the 
completion of the King George V graving dock for 
the Southern Railway, was purchased by the 
Admiralty. The visitors were also allowed to go 
on board H.M. aircraft-carrier Illustrious and 
inspect the hangar and flight deck. Tea was pro- 
vided in the Murray-lane canteen after the tour, 
and Wing Commander Cave-Browne-Cave took the 
opportunity afforded of expressing thanks to Vice- 
Admiral Morgan and the managers and officers who 
had assisted to make the visit interesting and 
instructive. He also referred to the difficulty in 
obtaining apprentices for the various trades required 
in the Royal Dockyard. He thought the apprentices 
there would feel conscious of the fact that they 
worked in an atmosphere in which progressive 
development and tradition were wisely combined. 
That, he thought, should be most attractive to the 
best type of young men. In responding, Vice- 
Admiral Morgan said he had made the point men- 
tioned by the President when addressing the appren- 
tices from time to time, that they were serving the 
Fleet on which we had had to depend for our security 
for centuries ; but he could not go to the schools 
to say that. 


* Encingrrmne Szcrion Dinner. 


During the Brighton Meeting, most Sections of the 
Association held informal dinners for the members 
and their guests. That of Section G was held 
at the Brighton Technical College on Saturday 
evening and was a sufficiently marked success to 
justify the hope that it will be repeated next year 
at Newcastle-on-Tyne and at all subsequent meet- 
ings of the Association. The President of the 
Section, Wing-Commander Cave-Browne-Cave, 
Occupied the chair and the guests included Sir 
Richard Southwell, Alderman N. Hone, chairman 
of the Board of Governors of the College, represen- 


* This was the subject of a paper delivered by Admiral 
Morgan at a meeting of the Institution of Naval Archi- 
tects, held in Portsmouth in the autumn of 1947. The 
Paper was reprinted, in abridged form, in ENGINEERING, 
vol. 164, page 414 (1947). 








tatives of the firms and organisations that had 
provided facilities for visits to their works, the 
authors of papers, and others who had assisted with 
the work of the Section. The chairman, speaking 
after the dinner, thanked Alderman Hone and the 
Principal of the College, Dr. G. E. Watts, for 
permitting the function to be held at the college. 
He mentioned also that the dinner had been pre- 
pared and served by the students of the college as 
part of their practical training in catering work. 
Referring to the work of the Section, the Chairman 
called attention to the importance of covering the 
wider aspects of engineering activities which, he 
said, the Section had been trying to do by means 
of inter-sectional discussions. The British Associa- 
tion provided an ideal means to this end, which 
would be difficult to arrange for in a specialist 
institution or society. Two subjects which, it had 
been suggested, could be handled in this way 
were housing, with special reference to fuel economy, 
and suburban transport under “ rush-hour” con- 
ditions. Each of these subjects had its engineering, 
psychological, physiological and other aspects. In 
acknowledging the chairman’s remarks, Alderman 
Hone said he was proud of the number of students of 
the college who had done well in high positions in 
firms in this country and abroad. He mentioned also 
that this year the Institution of Civil Engineers had 
accorded the college the privilege of awarding its 
students a diploma which would exempt the holders 
from the first two parts of the Institution’s entrance 
examination. Sir Richard Southwell, who also 
spoke, referred to the need for help from the younger 
men, which was wanted not only when the Associa- 
tion held its meetings in their locality, but also in 
the general organisation. The ,outline of the 
programme for the meeting each year was generally 
decided on in January and the details were worked 
out subsequently by the Recorders of the Sections. 
At the moment, the younger engineers were not 
coming forward and interesting themselves in the 
affairs of the Association and thereby fitting them- 
selves to serve on its Councils. He invited the 
various organisations interested to assist the work of 
the Association by releasing their young men to 
enable them to attend the meetings without losing 
part of their annual holiday, and also referred to the 
studentships awarded by the Association to the uni- 
versities to enable students to attend a meeting 
without cost to themselves. Sir Richard also sup- 
ported the suggestion made recently that the uni- 
versities should themselves endeavour to provide 
such facilities for their students, remarking that the 
Imperial College sometimes received British Asso- 
ciation studentships, but also added three of its 
own, one for each of its constituent colleges. Finally, 
the toast of Section G was honoured and the chair- 
man paid a tribute to the officers of the Section for 
their work. 


Statistics IN ENGINEERING. 


A joint discussion with Sub-Section A* (Mathe- 
matics) was arranged for the Monday morning 
session, September 13, the subject being The Appli- 
cation of Statistics in Engineering. The chair 
was occupied by Wing-Commander Cave-Browne- 
Cave and the first contribution was a paper by Dr. 
B. P. Dudding, M.B.E., and Mr. W. J. Jennett, 
entitled ‘‘ Statistical Methods and Engineering Pro- 
cesses.”” We hope to reprint the paper in a later 
issue of ENGINEERING. It was presented by Mr. 
Jennett with the aid of lantern slides, and at its 
conclusion Mr. Jennett demonstrated the principles 
with a model in the form of a shallow box with a 
glass face held vertically. At the top of the box 
was a tri r hopper containing turnip seed, 
which could be released by opening a valve and 
allowed to fall through an area containing a large 
number of equally spaced pins into a series of 
narrow parallel spaces formed by vertical partitions. 
The seeds collected in the spaces between the par- 
titions, formed columns of different heights, with the 
highest in the centre and the others of smaller height 
arranged more or less symmetrically on each side of 
the central column; the tops of the columns, in 
fact, formed the Gaussian distribution curve referred 
to in the paper. 

The chairman having suggested that the three 
remaining contributions should be taken before the 








discussion, one by Mr. D. J: Desmond, of Messrs. 
Joseph Lucas, Limited, entitled “‘The Accuracy 
of Automatic Lathes” was next presented by the 
author, The following contribution was by Mr. 
A. W. Swan, of the United Steel Companies, 
Limited, and dealt with “ Statistical Methods in 
the Iron and Steel Industry.” The two last-men- 
tioned papers will also be reprinted in subsequent 
issues of EnarnEERING. The remaining contribu- 
tion by Professor G. A. Barnard, of Imperial College, 
may be summarised briefly as follows : 

Sampling inspection is a form of insurance against 
the economic losses incurred when batches of goods 
of poor quality are accepted by a consumer. The 
theory of the economic design of sampling schemes 
covers the determination of the amount of premium 
which is worth paying in a given case (i.e., how much 
inspection should be done on each batch), and how 
the best value for money can be obtained for a given 
amount of premium. The design of such a scheme 
should begin with the study of the control charge for 
the fractions defective in a series of batches. From 
such a study the optimum batching procedure and 
the type of inspection scheme called for can be 
determined. The control chart also enables us to 
obtain the Process Curve, which tells us the relative 
frequency with which batches of a given quality 
will be presented for inspection. 

The direct costs of any inspection scheme are cal- 
culated from the Sample Size Distribution Chart, 
together with the Process Curve. For most pur- 
poses, the Average Sample Size (ASS) curve, which 
shows the average sample size as a function of the 
batch fraction defective, can replace the Sample 
Size Distribution Chart. The effect on batch 
quality of an Acceptance Sampling Scheme is repre- 
sented by the Operating Characteristic (OC) curve. 
In this, the probability that a batch will be accepted 
is plotted against the batch fraction defective. By 
combining the OC curve of a scheme with the 
Process Curve, the Outgoing Quality Curve is ob- 
tained. This represents the distribution of batch 
quality passed on to the consumer. From the out- 
going quality curve the indirect costs of the sampling 
scheme—the losses likely to be incurred through the 
acceptance of bad quality batches—can be calcu- 
lated. 

Other things being equal, the higher the direct 
costs, the lower the indirect costs of ascheme. The 
object of economical design is to strike a balance, so 
that the total costs are minimised. With a Rectify- 
ing Inspection Scheme, the OC curve is replaced by 
an OC matrix. This tells us the probability P,; 
that a batch coming in for inspection with j defec- 
tives in it, will go out with ¢ defectives init. The 
Outgoing Quality Curve in this case is obtained from 
the Process Curve by operating on it with the OC 
matrix. The indirect costs of such are calculated 
as before. The relevant properties of sampling 
schemes—the OC curve or matrix, and the sample 
size distribution chart—can all be calculated from 
the Lattice Diagram representation. 

The discussion which followed the reading of the 
above-mentioned papers was opened by Dr. J. 
Wishart, who recalled the pioneer work in the appli- 
cation of statistical methods to industrial problems 
by W. A. Stewart, of the Bell Telephone Company, 
of the United States. Mr. Stewart, he said, would 
be the last to claim that his methods were particu- 
larly new. His visit to this country in the 1920’s 
had brought about a greater appreciation of such 
methods here, outside the purely mathematical 
and statistical field, and the British Standards 
Institution were led to give fairly wide currency to 
his methods. Relatively simple initial aspects of 
statistical theory had been brought to bear on 
problems of great importance to industry and to 
the engineer. 

Dr. H. S. Rowell, who followed, was interested 
in the historical prelude to the paper by Dr. Dudding 
and Mr. Jennett, for he had been under the impres- 
sion that Dr. Gerald Stoney began the work in 
ENGINEERING in: 1919 or 1920. Dr. Rowell had 
himself written three or four short papers in 1920-21, 
and one of the matters he had raised, in unmathe- 
matical terms, was what might be called the ‘‘ skew 
probability.” A symmetrical curve was often 
distorted to one side, giving ‘skew’ symmetry. 
In engineering work, when a turner who was turning 
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@ spindle or boring a hole kept the tool out and 
made the shaft large or the hole small, he was 
unconsciously exercising skew symmetry on his 


statistics. The Gaussian theory rested on the}; 


assumption that there was a vast number of variables 
each of which was minute. One example was in 
connection with the automatic machine, where 
grit in the oil was a serious problem ; one particle 
would upset all measurements and distort the 
product. Grit, measured in bulk, was dirty oil, 
and dirty oil was no longer a random variable. 
Whether the demarcation was between the random 
variable of the grit particle and the systematic 
variable of the dirty oil, which could be cured, he 
would leave to others. 

Dr. A. W. Hendry, the next speaker, said that a 
problem in i which might well be 
approached by statistical methods was that of 
estimating the probable strength and variation in 
strength of welded mild-steel structural elements 
in relation to design: Referring to some tests 
he had. carried out on 22 welded-steel frames made 
by 11 different manufacturers, he said the idea 
was to determine the scatter of the results and to 
indicate with what ision the maximum load 
carried by the frames could be determined. In the 
case of steel structures, it was not possible to test to 
destruction, owing to the cost ; so that, apart from 
visual inspection, the control must be based on 
simple tests of materials used and on a limited 
series of tests such as he had attempted to carry 
out on completed items. The strength of the 
frames could be estimated by the simple plastic 
theory. Tensile specimens of the flange material 
used for the wélded frames were tested and the 
maximum loads carried were. plotted against the 
yield points for each of the test frames ; the calcu- 
lated variation of strength with yield point was 
also indicated on the graph. There was some scatter 
of the actual results, but most of them lay within 
the standard deviation of the mean value from the 
calculated line. There was a general correlation 
between loads carried and the yield stress of the 
material. Analysis of the results showed that 
variation in the maximum strength of the frames | g 
was due more to unaccountable causes than to 
variations in the yield point of the flange material, 
and that there was a significant difference between 
the strengths of frames made by different firms. 

Sir James Henderson, as one who had been 
trained by Lord Kelvin, uttered a warning against 
the danger of applying mathematical equations 
and functions to problems of the kind that had 
been discussed. The theory of probability came in, 
for example, and it was founded on certain assump- 
tions. He instanced the case of “ pitch and toss.” 
It was said that if a penny were tossed into the 
air there was an equal chance of it coming down 
heads or tails; but the result depended on the 
penny having a sharp or a rounded edge, on the 
diameter being equal in the different directions, 
on the air currents through which the penny was 
whirling, and the surface on which it fell. 

The time available for discussion having elapsed, 
the chairman said, with reference to Sir James 
Henderson’s remarks, that in general it was the 
engineer’s function to determine the data and the 
mathematician’s to apply it to obtain conclusions 
that would result in improvement. In the combina- 
tion of the engineer and the mathematician it was 
essential that each should understand the other’s 
point of view. This reminded him of a point he 
had made in his presidential address regarding the 
extreme importance of developing clarity of 
expression. If the engineer could explain to the 
mathematician the factors: which were pertinent 
and why they were pertinent; and if the mathe- 
matician, having reached certain definite conclu- 
sions, could explain them to the engineer with 
sufficient clarity to inspire real confidence in them, 
the efficiency of the work would be greatly increased. 
After all, it was the. engineer who had to bear the 
responsibility for the action taken. 

This concluded the: morning session, and in the 
afternoon the members visited the Moulscombe 
Works of Messrs. Allen West and. Company, 
Limited, and were able to see the manufacture of 
switchgear, electrical-control. gear, etc,, in progress. 


* (To be continued.) 





THE INSTITUTE OF 
METALS. 


' (Continued from page 306.) 


ConTINUING our report of the annual autumn 
meeting of the Institute of Metals, held in Cam- 
bridge from September 14 to 17, we have now to 
deal with the second paper discussed on the morning 
of Wednesday, September 15. 


Damprne Capacity oF METALS. 


The paper bore the title ‘The Measurement of 
the Damping Capacity of Metals in Torsional 
Vibration ” and was by Mr. G. A. Cottell, Dr. K. M. 
Entwistle and Professor F. C. Thompson. Mr. 
Cottell, who presented the paper, stated that the 
salient fact arising from the investigation was 
that, in the case of materials of relatively low 
damping capacity, the measured damping values 
obtained with a machine based on the Féppl-Pertz 
design were no indication of the true damping 
capacity of the material under test, as the machine 
losses completely masked the contribution made 
by the test specimen itself. The most serious energy 
losses in the original machine arose from lack of 
frame rigidity, the high air-friction loss inseparable 
from a bar type of inertia member, and inadequate 
gripping of the specimen. By making suitable 
modification to the faces of the grips, the loss 
associated with gripping a specimen with square 
shanks could be reduced to a low value, but shanks 
of taper cylindrical form, expanded into the machine 
components were much to be preferred. The com- 
plete re-design of an existing machine has reduced 
the measured damping to the order of twice the 
lowest values measured by the physical method. 
The use of a solid of revolution, of smooth surface 
finish, in place of the usual rectangular bar as the 
oscillating inertia had been found to be essential. 
The air-friction energy loss over the surface of the 
oscillating wheel of the apparatus was measured in 
order to determine the air-loss correction to be 

applied to the test results. This work necessitated 
the construction of a small machine for tests at 
reduced air pressures. The damping capacity of 
Duralumin as measured with this machine was 
found to be in excellent agreement with the lowest 
determinations by physical methods. The investi- 
gation confirmed that the physical and mechanical 
methods were, in fact, measuring the same property, 
and showed that, for aluminium alloys, results of the 
same order could be obtained by the two methods. 

Mr. Cottell added that since the publication of 
the paper, it had been pointed out to the authors 
that when calculating the strain values i in the os 
with their small machine they had 
fact that a reflected ray of light was deflected 
through twice the angle of rotation of the reflecting 
surface. The result was that the strain figures 
given in the paper, both in the diagrams and in the 
text, were just twice what they should be. The 
error, however, did not affect significantly either 
the test results or the conclusions. 

Dr. R. F. Hanstock, who opened the discussion, 
said that, generally speaking, the Fdéppl-Pertz 
instrument showed that, while materials differed 
considerably in their damping capacity, values of 
less than about 0-5 per cent. were seldom found at 
stresses of a few tons per square inch. Following the 
development, in recent years, of physical methods of 
measuring damping capacity at stresses of several 
tons per square inch, it became apparent that the 
Féppl-Pertz machine, certainly for aluminium 
alloys, gave values which were far too high. The 
authors had detected and eliminated sources of 
error on the original Féppl-Pertz instrument in a 
most thorough manner. Their small instrument 
consisted of a central torsional pendulum shorn of 
the electromagnets, stylus and drum of the origina] 
apperatus. What was certainly somewhat aston- 
ishing was that the only precaution considered 
necessary in the original Féppl-Pertz machine to 
prevent loss .of vibrational energy, namely, to 
suspend the whole machine’ by a comparatively 
slender wire, had been shown to be more of a 
nuisance than a necessity. As a result of the 
authors’ work, there was now no serious discrepancy 





between, values of damping capacity measured by 
the pliysical arid mechanical methods, at least on 
one type of material. Both methods were capa'ile 
of detecting a diminution of vibrational energy per 
cycle of less than one part in 100,000. Having 
perfected the instrument, he wondered whether : he 
authors considered that the original need for it, 
as envisaged by Féppl, still existed, or whet lier 
there were any other reasons for supposing that the 
measurement of damping capacity was desirable. 

Mr. L. Rotherham said that, in their conclusions, 
the authors had implied that all’ measurements in 
the so-called mechanical type of machine were 
necessarily rather inaccurate. The evidence pre- 
sented did not seem to justify that conclusion, 
Since, possibly, the largest amount of data recorded 
on this type of machine was that due to the late 
Dr. W. H. Hatfield, F.R.S., and himself and other 
colleagues, he had reached "the general conclusion, 
on reading the present paper, that the technique 
which they had employed in their experiments had 
not been unsatisfactory. The interesting thing 
about damping capacity was not so much the 
absolute magnitude of the effect, but the way in 
which it varied with temperature and frequency, and 
the observations, on temperature effects of his col- 
leagues and himself, he believed, were significant. 

Dr. C. J. Smithells said that, in his opinion, the 
work of the authors had removed a great deal of 
the uncertainty regarding measurements made by 
the mechanical methods. This method and As. 
sical methods being so closely in agreement, there 
was no doubt that damping capacity varied with 
various structural changes in che metal. To be of 
any use as a too] it must be reliable, and the authors, 
by their work, had removed many of the doubts 
concerning the reliability of the measurements 
themselves, They had therefore provided a tool 
which was now going to be of real use. The dis- 
cussion was closed by Dr. G. L. J. Bailey, who 
stated that the authors had suggested the use of 
damping-capacity measurements ‘as a quick non- 
destructive quality-control test, capable of sensitive 
indication of structural changes. He felt, how- 
ever, that they would agree that the machine, in 
its present form, had some way to go before it 
could be used for this purpose. 

Dr. K. M. Entwistle, in reply, said that there 
were perhaps three points which were exercising the 
minds of members present. There was first of all 
the question of why measure damping capacity ? 
Was it any use from an engineering point of view ? 
Secondly, there was the question of the effect of 
frequency on the damping capacity of Duralumin, 
and thirdly, there was the question of the comparison 
of the old type of machine and that which his 
co-authors and himself had produced. Dealing first 
the | with the question of frequency. He felt certain 
that when work on Duralumin had been done over 
a range of frequencies, it would be found that there 
was a limited, but definite, range of variation present. 
In reply to Mr. Rotherham, it should be emphasised 
that the authors had concluded that reliable results 
could not be obtained on materials of relatively 
low damping capacity, but they had drawn no 
conclusions as to the values obtained with materials 
of higher damping capacity, which presumably 
would be less influenced by apparatus loss. They 
in the Department of Metallurgy at the University 
of Manchester were interested in this relationship 
between the structure of a metal and the magnitude 
of the internal friction at extremely low stresses, 
where the damping capacity was both independent 
of the number of stress cycles and of the stress 
amplitude. They felt that under these conditions 
they obtained a direct indication of the structure 
of the material. 

At this stage of the proceedings, the President 
adjourned the meeting until 9.45 a.m. on the follow- 
ing day. After luncheon, visits were paid to the 
University Metallurgical and Engineering Labora- 
tories, the Scott Polar Research Institute, the 
Low-Temperature Research Station of the Depart- 
ment of Scientific and Industrial Research, and 
the works of the Cambridge Instrument Company, 
Limited ; Pye Limited ; and Unicam Instruments 
(Cambridge), Limited. In the. evening a supper 
dance was held at the Guildhall, Market place. 

‘(To be continued.) 
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«“FLOWLINK” OVERHEAD CONVEYOR SYSTEM. 


MESSRS. FISHER AND* LUDLOW, LIMITED, SMETHWICK. 








Fie. 1. 


OVERHEAD CONVEYOR SYSTEM. 


One of the principal difficulties with most overhead | 
conveyor systems used for transporting articles between 
successive stages of manufacture is the impossibility 
of raising the conveyor and articles to any desired 
height within a reasonably short horizontal distance. 
The conveyors are usually designed so that the articles 
suspended from them can be carried around corners, 
but can only gradually be raised higher above the 
floor level. Thus, it may require a horizontal distance 
of as much as 50 ft. to raise an article 12 ft. and return 
it to the original level. The Flowlink system, recently 
introduced by Messrs. Fisher and Ludlow, Limited, 
Rolfe-street, Smethwick, 40, Staffordshire, has been 
designed to overcome this difficulty, and it has the 
added advantage that the fixed track structure is 
sufficiently rigid to resist all stresses imposed upon 
it by the moving conveyor; there is therefore no 
necessity to erect heavy bracing members to fix the 
overhead structure to the building containing it. The 
Flowlink conveyor system can be installed so as to 
raise articles to any height and return them to the 
original level in a horizontal distance of 16 ft. 

A general view of part of a Flowlink system, with a 
steep rise-and fall, is shown in Fig. 1, on this ; 4 
2 shows a short length of the chain ; Fig. 3 illustrates 
the drive at a corner of the system ; and Fig. 4 is a cross- 
section through the track structure and chain. It 
should be noted that Figs. 1 and 3 show the arrangement 
used for demonstration purposes at a recent exhibition, 
and that the light tubular framework supporting the 
fixed conveyor structure was provided for the exhibition 
and is not required when the system is installed in a 
factory. Normally, the structure is simply suspended 
from the roof or any other convenient — of the build- 
ing. Each link in the conveyor chain consists: of 
& pair of two parallel steel strips, with a pin at each 
end of the link thus formed connecting it to the next 
link, and two pressed-steel roller wheels on the ends of 
each pin. There are, alternately, three such links, 
each 8 in. between pin centres, with the centre-lines 

of the pins in a vertical plane, followed by a single 
link generally similar to the others, but 6} in. between 
pin centres ‘and with the axes of the ‘pins horizontal. 

















DEMONSTRATION CONVEYOR INSTALLATION. 
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A 6}-in. link and its connections at each end to 8-in.: 
links are shown in Fig. 2. 

The three-link section of the chain always travels 
with its roller axes vertical, as shown in Fig. 3, on the 
left-hand side, so that it allows flexibility for the chain 
to negotiate left- or right-hand bends in the horizontal 
plane. The single-link section of the chain, however, 
travels with its roller axes horizontal, so that it allows 
flexibility for the chain to rise or fall in the track. 
The article to be conveyed is suspended from a light 
triangular frame attached to each single-link section. 
When this link rises vertically, the frame projects 
so as to prevent the article from coming into contact 
with the track structure. — 

The chain travels in a pressed-steel structure which 
forms tracks for the rollers. The structure consists of 
two symmetrical halves, the cross-section of which will 
be apparent from Fig. 4. The weight of the articles 
is borne by the horizontal-axis ers, which travel 





inside a groove formed in each half track. When 
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Fic. 3. Sprocket Drive. 


negotiating horizontal bends, the reaction on the 
tracks due to the tension in the chain is transmitted 
by the vertical-axis rollers, which travel on the inside 
faces of the tracks. The two halves of the track are 
held together by inverted U-shaped yokes at regular 
intervals. At curved sections, the inner face which 
ides the vertical-axis rollers is made broader to allow 
or the chord-like disposition of the three-link chain 
section over the arc of the tracks. The tracks and the 
chain are made of standardised components. The chain 
is driven by a large sprocket, as shown in Fig. 3, the 
sprocket “‘ picking up ” each pin and taking the weight 
until the rollers bear on the next section of the track. 





TWENTY-FIVE YEARS OF METAL 
RECTIFIER MANUFACTURE. 


THE copper-oxide rectifier was invented 25 years 
ago by Mr. L. O. Grondhal, and two years later the 
Westinghouse Brake and Signal Company, Limited, 
82, York-way, King’s Cross, London, N.1, began its 
manufacture in this country. It may be recalled that 
this rectifier consists essentially of a copper disc on 
one face of which a layer of cuprous oxide is formed 
at a high temperature. Such a disc, it is found, 





acts aS an unsymmetrical conductor of electricity; 
that is, the resistance to the passage of current from 
the oxide to the copper is in the ratio of about 1 to 
10,000 or more to that in the opposite direction. When 
such a disc is co in an alternating-current 
circuit, one half of the wave is therefore virtually 
suppressed, although the a ent of a number of 
units in bridge formation enables full-wave rectification 
to be obtained. The amount of current, which can 
be transmitted in this way depends upon the diameter 
of the disc and is at present about 50 milliamperes per 
square centimetre, while: the voltage that can be 
rectified by each disc is about 3 volts. Any desired 
voltage can, however, be obtained by connecting a 
number of discs in series in one or more piles. Such an 
arrangement has clearly many advantages over other 
methods of rectification when it is desired to obtain 
direct-current from alternating-current mains, 








Copper-oxide rectifiers of this kind, were first used 
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in practice in connection with trickle chargers for 
batteries and with mains-operated radio receivers. 
They also enabled direct-current moving-coil instru- 
ments to be employed for measuring alternating-current 
values. By 1929, however, heavier current applications 
had been developed and metal rectifiers began to be 
emplo for supplying current for. ee ing, for? 
oO motors, and on dust precipitat se 
Other uses for the rectifier were found in the control of 
the direct-current brake gear on alternating-current 
lifts, as detectors in ry ag radio receivers, 
and on emergency-ligh installations in hospitals 
and places of amusement. Perhaps, however, its 
most useful application at this time was in connection 
with electric-battery —— as its employment 
enabled charging to effected during the night. 
Rather more 8 ular’ was the Siectediien of a 
high-voltage rectifier for a 400-kV X-ray equi; t. 
Selenium also possesses the property of being an 
unsymmetrical conductor, although it, at first, had the 
drawback of having an unstable reverse characteristic. 
By 1939, however, the engineers of the Westinghouse 
Company had successfully overcome this disadvantage. 
It therefore became possible to begin the manufacture 
of the Westalite rectifier, in which a special selenium 
compound is used having both a good forward, or 
conducting, characteristic and a high reverse stability. 
Such a rectifier enables voltages up to 64 volts per 
dise to be rectified and has now largely replaced the 
copper-oxide rectifier for power and more recently for 
photo-electric purposes, owing to the facts that it is 
smaller, cheaper and more efficient for the same duty. 
It is also more suitable for operation under oil and can 
be worked at higher temperatures for the same degree of 
ageing. At present, about 90 to 95 per cent. of the 
output of the pupregese department of the Chippen- 
ham factory of the Westinghouse Company consists of 
selenium rectifiers, although the copper-oxide rectifier 


is still superior for i t . for use in high- 
frequency circuits, and in modulators and demodulators, 
It is also used largely for polarising relays and for 
absorbing inductive charges in telephone circuits. 

bs eS ane — 
equipment, the war stim’ the employment of the 
aa rectifier—especially that of the selenium t; 
for a great variety of purposes at sea, on land and in the 
air. These rectifiers ranged in output from a few 
microwatts to many eyo while the "oe of 
elements supplied estinghouse pan: 
alone amounted to pe 115 million of different og 
The experience gained during this development has 
since been applied to more peaceful 
examples being the oil-immersed equipments that 
have been designed for electroplating work, the vehicle 
battery-charging units and the double-voltage rectifier, 
which has an efficiency of over 90 per cent, and has 
made it possible to increase the output to over 1,000 kW. 
Oil-proof and weatherproof units for use on motor 
cycles and cars and in aircraft have also been intro- 
duced, while a new pattern has been designed, which 
is combined with a static phase converter so that 
a full three-phase output can be obtained from a 
single-phase input. These advances have been accom- 
panied by improvements in design, as may be illustrated 
by the statement that the Westalite rectifier, which is 
now being spormnontees in television receivers, has 
an output of 5 kV with an alternating input of only 
350-0-350 volts. Developments in manufacturing pro- 
cesses have also rendered it possible to obtain an output 
of 10 kV from a unit only 8 in. long and ¥ in. in 
diameter. 


The elements of which the selenium rectifiers are 


made vary in area from 0-2 to 200 sq. em. Those 
with areas up to about 1 sq. om. usually consist of 
discs, which are assembled in insulated tubes. Above 
that size, up to about 100 sq. cm., elements of a washer 
form are generally employed and are assembled on a 
spindle, while in the larger sizes the elements consist of 
lates which are often-fitted with cooling fins and may 
cooled by forced air or oil circulation, It may be 
added that the numerous applications of the metal 
rectifier, of which only some examples have been given 
above, have necessitated the development of special 
circuits employing combinations of transformers, induc- 
tances and condensers. Among these is that known as 
the Westat, which provides automatic control of the 
battery-charging current; and the Noregg which 
ensures. a constant direct-current output voltage 
irrespective of the load. Certain special applications 
also require that a constant output shall be obtainable 
from a variable supply, and to enable this to be done 4 
series of alternating-current vol stabilisers, known 
as “ Stabilistors,” have been developed. 

It is therefore not going too far to say that within a 
relatively short space of time this type of electrical 
apparatus has found a large number of applications 
in many different fields. Although its discovery was 
empirical and, indeed, largely accidental, its de- 
velopment, has been the result of much intensive 
research and of. careful trials of suitable manufacturing 
methods. , wi) 


LABOGR NOTES. 


Irseemsinevitable that thecountry’sman- rshort- 
age will be aggravated by recent events. Side by side 
with the demands on man-power niade by the Govern- 
ment’s increased armaments programme, fewer men 
will be released to industry from the Forces, as a result 
of the decision to defer for three months the demobilisa- 
tion of those now due for discharge. Provided, liow- 
ever, that the period of service is limited, be it to 
twelve months or to eighteen, the flow of men from the 
Forces back into industry will resume its former level in 
due course. The’ view has been expressed in some 
quarters that it would be to the country’s economic 
advantage to have fewer men in training for 18 months 
rather than a larger number for 12 months, and that the 
advantages to the Defence Ministries of the longer 
period of training would be considerable. 


The increases in the manufacture of supplies for the 
Forces was at present having no serious effect on the 
quantities of consumer goods being manufactured, 

to a statement made by Mr. G. R. Strauss, 
the Minister of Supply, on September 22. So far as 
the Royal Ordnance factories were concerned, the 
number of employed had been increased 
recently by five per cent. Work on civilian orders, 
worth approximately 15,000,0001., would be continued, 
but new contracts would not be sought. The doubling 
of the output of certain fighter aircraft might have some 
effect on civilian industry, however. Mr. Strauss said 
that although supplies of scrap metal were adequate for 
several months to come, the position next year was giving 
Tise to some anxiety. Much would depend on whether 
scrap collection and supplies from Germany could be 
maintained. Some 23,000 tons a week more scrap was 
being collected at the present time, than a year ago. 


The total number of civilian staff in Government 
employment continues to rise. The latest 

return shows that, on July 1, the number of civil ser- 
vants in all Government departments, including those 
employed in the Post Office, and non-industrial civil 
servants on defence work in the Ministry of 
Supply, was 715,282, as compared with 693,403 on 
April 1 ; an increase of 21,879 in three months. The 
increase since January 1, when the total number of civil 
servants was 680,145, amounted to 35,137. The 
Treasury statement points out that some part of this 
substantial increase is of a temporary nature and due 
to seasonal i its. For during 
three months ending July 1, the staff of the Ministry 
of Food increased from 39,679 to 50,205, an addition of 
10,526, which was due to the annual exchange of ration 
books. During the same period, the staff of the 
Tecently-established Ministry of National Insurance 
increased from 23,052 to 33,885, an addition of 10,833. 
These additional employees of the Ministry were 
engaged for the local and regional offices required to 
operate the National Insurance services, as from July 5. 


An increase of 1,486 in the staff of the Ministry of 
Labour and National Service, which rose from 34,680 
to 36,166 in the three months ending on July 1, is 
stated as being due to short-term engagements required 
for the issue of new insurance cards. In all, some 27 
Government Departments and agency services, such as 
the Stationery Office, show increases. Excluding those 
Departments engaged on defence, only seven Depart- 
ments have managed to reduce their staffs, and the 
total of these reductions amounts to only 1,062. 
Included in this total is a reduction of 218 in respect of 
the Ministry of Supply in its category of a trade 
Department. This Ministry also appears in the 
Treasury statement as a defence Department, in 
respect of non-industrial civil servants in its employ- 
ment engaged on defence work. Under this heading, 
the Ministry has reduced its staff by 325, thus bringing 
the Ministry’s total staff reduction to 543. 


The various defence Departments made a total net 
reduction in their civilian staffs of 2,687 during the 
three months ending July 1, on which date the com- 
bined staffs employed by them numbered. 112,553. 
Aimost half the reduction was in the staff of the 
War Office. This fell from 36,468 on April 1 to 35,306 
on July 1, being a reduction of 1,162. The civilian 
staff of the Admiralty was reduced from 31,636 to 
30,970, a fall of 666; and of the Air Ministry from 
25,650 to 25,088, a. drop of 562. In view of the develop- 
ments in the international situation and the Govern- 
ment’s announcements ing the increases in the 
defence forces, the staff reductions of these departments 
must be regarded as being of @ temporary nature only. 

y 


.When the next Treasury statement is issued, in oy 3 
of the three months ending on October 1, it is li 


that reductions now rep: will be offset, by increases 





which recent events and decisions will render necessary. 


— 


The National Union of Railwaymen, whose claim 
for a wage increase of 12s. 6d. weekly in respect of 
British ys — was nted to the 
Railway Executive on September 17, has now advanced 
claims for similar increases on the Hotels Executive 
and on London Transport Executive. In regard to the 
former, it may be recalled that a delegate meeting of 
ne staffs was held in London on August 99 
at which the railway catefing-trades wage agreement 
was attacked. were also put forward for 
the formation of a breakaway union, unless the Nationa] 
Union of Railwaymen took steps, before the end of 
Septem ber, to obtain more satisf: pay agreements, 
The union’s demand for the 12s. 6d. weekly increase 
was presented to the Hotels Executive at a joint meeting 
in London on September 23 by Mr. J. B. Figgins, the 
union’s general secretary, and affects about 14,0(0 
men and women employed in the catering trades on 
British Railways. . F. G. Hole, on behalf of the 
Hotels Executive, promised sympathetic consideration 
of the union’s case, and said that another joint meeting 
should take place at an early date. when the decision 
of the Hotels Executive would be made known. 


The claim of the 25,000 members of the railway 
staff of London Transport was discussed in London 
at a joint meeting between union representatives and 
membe.s of London Transport Executive on Monday. 
Mr. Figgins has stated that all his rnion’s demands 
were based mainly on the increased cost of living, 
which rose by approximately 8 per cent. during the 
twelve months ending in July. It is not clear whether, 
in the event of the claims being approved, any sub- 
stantial fall in the cost of living would be followed by 
a reduction ‘in wages. In this connection, it is worth 
noting that the interim cost-of-living index recently 
fell by two points from its peak level of 110. Mr. 
Figgins has also stressed the union’s view that the 
claims are allowable under clause 8 of the Government's 
White Paper on “‘ Personal Incomes, Costs and Prices.” 
It is difficult to see how the considerable demands on 
the finances of the Railway, London Transport, and 
Hotels Executives, which the granting of the railway- 
men’s claims will involvé, can be met otherwise than 


by increases in fares and ds freights. 
Theee, in turn, will inevitably produce further rises in 
the cost of living. 

The national committee of the Amalgamated 


Engineering Union met in private at York on Septem- 
ber 23, to consider their attitude to the recommenda- 


the | tions of the court of inquiry into the engineers’ wage 


claims, in view of the acceptance of the whole of those 
recommendations, in principle, by the Engineering 
and Allied Employers’ National Federation. The 
Union’s executive was understood to be in favour of 
acceptance of the court’s recommendations, but they 
encountered a good deal of opposition from certain 
elements. These would have preferred rejection ; to 
be followed by strike action to obtain the whole of the 
138. a week increase originally demanded. It is some 
indication of the uneasy passage which the union’s 
executive had, that the meeting lasted some seven 
hours. Finally, the union’s national committee agreed 
to accept the recommendations of the court of inquiry, 
including that for a 58. a week increase in the engineers’ 
national bonus, by the casting vote of the union’s 
President, Mr. Jack Tanner. 


The engineering group council of the Confederation 
of Shipbuilding and Engineering Unions also met at 
York on September 23 and decided to suggest accep- 
tance of the recommendations of the court of inquiry. 
Following this lead, and the acceptance by the national 
committee of the Amalgamated ineering Union, the 
full meeting of the Confederation consisting of execu- 
tives of the 37 affiliated unions, representing a combined 
membership of nearly 2,750,000, approved the court’s 
recommendations on a card vote. Mr. Gavin Martin, 
the Confederation’s general secretary, stated that 
employers’ concessions in principle to a new wage 
structure for the engineering industry and to the 
levelling of district rates was largely responsible for the 
agreement. It would enable discussions on these 
matters between the unions and the employers’ 
Federation to be continued. An increase of 1d. 
an hour in the wages of engineering maintenance men 
in the gas industry was also accepted. This increase 
will date from September 12 and will affect approxi- 
mately 30,000 persons. 


Apparently undeterred by the findings of the recent 
court of inquiry into the engineers’ wage claims, which 
substituted a recommendation for a weekly increase 
of 5s. in lieu of a demand for 13s. a week, clerical 
grades employed in the engineering industry have 
made even higher claims. Wage increases of 28s. 6 
week for women and 19s, a week for men are being 
sought on their behalf by the Clerical and Administrative 





Workers’ Union. About 150,000 persons are involved. 
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PLASTIC BENDING UNDER 
TENSION.* 


By Proressor H. W. Swirt, M.A., D.Sc. (Eng.). 


WueEn sheet metal is deep-arawn from a flat blank 
in the ordinary way, the thickness of the metal in the 
drawn product is found to be substantially less than 
that predicted by any theory of plane drawing. It is 
also known that with sharper die profiles the thickness 
is less and the drawing force somewhat greater. When 
the metal passes over the lip of the die it is under a 
substantial tensile drawing stress, and the curvature 
of the die profile is in itself sufficient to cause plastic 
bending of the metal. It is the main thesis of the 
present paper that plastic bending under a superi — 
tensile stress inevitably produces a thinning of the 
material, and that it is this thinning which is mainly 
responsible for the discrepancy between theory and 
— in deep-drawing. The phenomenon of plastic 

ing under tension is not confined, of course, to the 
process of drawing, and it will be convenient and appro- 
priate to examine its characteristics without special 
reference to any technological application. We shall, 
therefore, discuss the behaviour of a strip of metal 
which is caused to bend plastically while under longi- 
tudinal tension. 

The principal stresses in any fibre in such a strip 
will be in the longitudinal, lateral and radial directions, 
and the longitudinal stress, which is clearly the most 
significant, will vary across the thickness of the stri 
in such a way as to conform to the distribution o 
strain and to ce the applied tensile force. If the 
relationship between tensile stress and strain is known 
for the material and the prevailing stress system, the 
distribution of longitudinal strain and stress can be 
drawn and correlated as shown in Fig. 1, herewith. 
For present purposes, it is assumed that the degree 
of flexure is sufficient to make the elastic strain negli- 
gible com: with the plastic, yet insufficient to 
require different stress-strain relationships in tension 
and compression. Introduction of the elastic-strain 
element would complicate the analysis without appre- 
ciably increasing the value of its results, and it be 
seen later that the second assumption is justified over 
the range of practical interest. 

If the effective radius of bending, R,, is measured 
to the neutral layer N N and this layer is distant az 
from the central layer CC, the mean longitudinal 
stress p will be given by 


a (1+2) ra (1—2) a (1+2) 
pre-| ay - | pay = | pdy (1) 
0 


0 ~ @(1—z) 


by the second assumption above. The bending couple 
required per unit width of strip will be 


a (1+2) a (1—z) 
M, = pe dz + | pe de, 


/0 0 L 

Inspection of Fig. 1 shows that the location of the 
neutral layer N N is related to the excess of resultant 
tensile over compressive stress across the section. If 
there were no resultant tensile stress, the neutral layer 
would be central, and, as this resultant increases, so 
the dimension z increases and the neutral layer becomes 
more remote from the central position. But the mean 
longitudinal strain of the strip is the same as that of the 


central layer and is, therefore, bask increasing with 


the applied tension. Since the strain is plastic, this 
elongation induces a corresponding diminution in 
sectional area of the strip; and, if the conditions are 
such that lateral strain is suppressed, the whole of this 
diminution will take the form of a thinning of the 


Stress 


Strip in the proportion *e, where R is the radius 


to the central layer. This thinning, being a 
strain, is permanent in the sense that it persists when 


_— 





* Paper presented at the Seventh International 
Congress for Applied Mechanics, held in London, Septem- 
ber 5 to 11, 1948. 
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¢ ) Strains 
th® stress is removed. It would appear, therefore, 
that 3 4 longitudinal tensile stress superimposed on 

ic bending will produce some ent thinning 
of the metal and that this thinning will increase as 
the tensile stress becomes greater. 

In the case of a material not subject to strain-harden- 
ing, the longitudinal tensile stress in Fig. 1 will have 
a uniform value f, say; so that the mean tensile stress 
will be p= fz and the proportional displacement of 
the neutral layer z = 4 If lateral strain is suppressed, 
the proportional thinning will be “~ = = onl, 
therefore, will be directly proportional to the applied 
longitudinal stress. If the curvature in the strip is 
removed while the longitudinal stress is maintained, 
then, since the strains involved are plastic, the 
straightening of the strip will have exactly the same 
result as im sing a curvature in the opposite sense. 
Hence there will occur a further thinning of the 
material in the same proportion as before, so that the 
resultant effect of bending and straightening a strip 
of non-hardening material under tension will be to 
thin it by the fraction 2 =. 

Of course, the eral case of a strain-hardening 
material does not lend itself to analytical treatment, 
but useful results may be obtained by assuming a 
uniform strain-hardening rate, so that the stress during 
plastic strain can be written asp =f +ae=f+kz, 
say, where z is measured from the neutral layer and 


k= z - In this cage, integration of equation (1) 


gives the mean stress necessary to cause a displace- 
ment z of the neutral layer during initial plastic bending: 


p=z(f+ka)=2zpq,say, . - (2) 


The consequent proportional thinning 6, therefore, 
can be expressed similarly to that in a non-hardening 


material, if pg is substituted for f: Re om 


6 = ——. 

Pag R 
Since pg > f, it would appear that strain-hardening 
diminishes the tendency to thin under initial plastic 
bending. 

The conditions which arise when strain-hardening 
strip is straightened after bending under tension 
require more careful examination. Since a reversal of 
strain is involved over part at least of the cross- 
section, it is necessary to consider the effect of reversed 
strain on the yield strength of the material. For 
present purposes, it will be assumed that the yield 
strength is unaffected by reversal of strain; in fact, 
that the Bauschinger effect is negligible by comparison 
with the total plastic strain involved. It will also be 
assumed that the strain-hardening factor k is unaffected 
by reversal. Under these conditions, the stress in any 
fibre will depend on the total arithmetical amount of 
strain to which it has been subjected, and not on the 
net resultant strain unless the strain has been con- 
tinuously in the same sense. 

The distribution of strains and stresses after the 
initial bend and after subsequent straightening under 
tension will then be as indicated in Figs. 2 to 4, 
by chain lines and full lines, respectively. The 
initial displacement of the neutral layer to NN will 


be given by z = ”, while the displacement to N’ N’ 


a 
during the straightening process has yet to be deter- 
mined. Fig. 2 shows the actual strains induced by the 
processes of bending and straightening, respectively, 
together with the net resultant strainO E, which is 
common to all fibres. Fig. 3 shows the arithmetical 
sum of the ing and straightening strains, and, 
therefore, the total gross strain producing strain- 
hardening in the various fibres on straightening. The 


plastic | arithmetical value of the final stress in the fibres 


correlates with this strain and, therefore, when due 
regard is given to the sense of this stress, its distri- 
bution can be plotted as shown in Fig. 4. 

Since the initial and reverse imposed curvatures 
are the same, the two strain lines in Fig. 2 have equal 


Gross Strain 





BENDING UNDER TENSION. 
Fig. 3. 





Stress 


slopes, so that the gross strain = (ez + y), in the 


notation of the figure. and the final stress f + ka(z + y) 
are the same for all fibres between NN and N’N’. 
For fibres in the outer zones, the slope of the gross 
strain diagram is twice that in either component strain 
i , 80, with a uniform strain-hardening rate, the 
slope of the stress di in the zones A B and DE 
ill be twice that of the initial stress diagram, shown 
in chain lines. In these outer zones, therefore, the 
stress wil! be p= f+ ka(x+ y) + 2kz, where z is 
the distance of a fibre from N N or N’ N’, respectively. 
The mean tensile stress } required to produce the 
final distribution shown in Fig. 4 will be such that 


(i—2) 
sop - (f +ka(x + y) + 2ke) dz 
0 


+a(z+y)(f+ka(xz+y)) 
(j-y) 
= ( +ka(z+y) + 2ke) de 
0 
which gives 
2 
B-sy+ka(Se ~~»). . (3) 


Provided that the mean stress is the same during 
bending and straightening, the above expression can 
be equated to (2) above p= z(f+ka)=-2p,q. 

Now the resultant proportional thinning 


a a 
= 56+9= RY” 


say, and it is easily shown that the i stress 





necessary to produce such thinning is given by 

7 =t! a 

; mts (meng s5 #} - (4) 
where m = “ From this expression the schematic 


relationship between the dimensionless ratios 2 and ¢ 
can be plotted as shown in Fig. 5, on page 334. The 
resultant thinning @ = = ¢, for any particular strip 


thickness and curvature, can be easily obtained from 
such a diagram. It should be pointed out, however, 
that the curve in the figure, corresponding to a parti- 
cular strip, depends not only on the intrinsic strain- 
hardening factor « = k Rg for the material, but also 
on the degree of bending imposdd on it: 2 _ 
The figure shows clearly that the resultant degree of 
thinning due to bending and subsequent straightening 
under tension may be expected to be less in materials 
which have higher rates of strain-hardening, and that, 
although the relationship with tension continues to be 
approximately linear, the rate of thinning tends to 
diminish at higher tensions. 

The relationship between the two successive elements 
of thinning, z and y, can be deduced from the equation : 


ae 
f 


(m + 1)¢+ 3 
"i 3m +2 . 
in which, of course, ¢=2z-+y. From the typical 
curves which are plotted in Fig. 6, page 334, it’will be 
seen that, while the thinning effects of bending and 
straightening are not materially different in the lower 
tension range, the effect of straightening becomes 
progressively smaller at higher tensions, particularly 
with high strain-hardening rates. 

In correlating the thinning contributions of bending 
and straightening in the analysis above, it has been 
assumed that these occur under the same applied 
tension. This assumption obviously needs justification 
when friction is a significant factor in the processes, 
but it cannot be postulated that the tension will be 
the same in the leading and trailing ends of a metal 
strip, even when it is bent and straightened over a 
frictionless roller. Suppose the metal ing on to 
the roller has a thickness 2a, while that passing off 
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has a reduced thickness 2a,, the width of the strip 
remaining unchanged. During any interval of time, 
therefore, the length /, passing off will exceed that, 1), 
a 
a, 
is T, and that passing off is T,, the work done by the 
external force system in this time interval will be 
T,1,— yl). In the absence of mechanical friction, 
this work is absorbed in straining the strip material 
and can be equated to the strain-work, when this is 
known in terms of the strains involved in bending 
and straightening, and of the mechanical properties 
of the material. The two tensions will only be equal, 
therefore, if T, (1, —1,) is identical with the strain- 
work; a condition which, as will be seen shortly, is 
not in fact fulfilled. 

At this point, a question of elementary mechanics 
arises ; as to how the forces T,, T, can be different if 
there is no friction, since the moments of these forces 
about the axis of the roller must necessarily balance. 
This question leads to an examination of the path 
which the strip follows and the force system to which 
it is subjected during its passage over the roller. 
These are shown diagrammatically in Fig. 7, herewith. 
The line of action of the tension T, transmitted through 
that of the strip which, at any moment, is 
actually bent over the roller, is displaced radially 
outwards from the centre line of the strip, because it 
has to provide the bending couple necessary to maintain 
its curvature. Hence the lines of action of the forces 
T, and T, in the free strip must pass through points 
such as A}, B! on the radial lines at the pomts A, B 
of first and last contact, the displacements being 
sufficient to provide the necessary bending couples at 
A and B. 

Before reaching A, the strip is subject to a steadily 
increasing bending moment and curvature, and, there- 
fore, the arm Cp, in Fig. 7, will necessarily be greater 
than the mean radius R, of the strip on the roller. 
After leaving B, however, the strip is subject to a 
bending moment which has to reverse in sign between 
B and C before plastic straightening can commence. 
Hence the line of action of the force T, must lie inwards 
from the centre-line of the strip at the section C in 
order to provide the straightening couple. As a result, 
it will be seen that the arm of the back-tension T, 
may well be greater than that of the drawing force T,, 
so that T, > Ty. 

Under this disposition of forces, the stress distribu- 
tion in the strip passes through rapid changes as it is led 
on to the roller at A, and again when it leaves the roller 
at B, but over the arc of actual contact the stress condi- 
tions remain steady. In the absence of strain-harden- 
ing, the stress history during the process of bending is 
indicated by diagrams I to V in Fig. 8, opposite, and 
that during the straightening process by diagrams 


passing on, in the ratio If the tension passing on 
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V to IX. The stress distribution over the arc of con- 
tact is shown in diagram V. It will be seen that there 
is a central core which undergoes no reversal of stress, 
but remains in tension throughout the process. The 


metal on the outer surface of the strip remains in| be 


tension during bending, but goes into compression 
during straightening ; while that on the inner surface 
goes into compression during bending, but returns to 
tension during straightening. In calculating the strain- 
work involved, therefore, it is not sufficient to consider 
the overall resultant strains, but account must be taken 
of reversals in the different fibres. 

Detailed consideration of Figs. 7 and 8 will show that 
the process of bending is complete at or near the point A 
and, therefore, for a given tension T,, is unaffected by 
any friction over the pin. In a similar way, the pro- 
cess of straightening does not commence until after the 
strip has left the pin at B and, therefore, can only be 
affected by friction in so far as the value of the tension 
T, is so affected. During the period of contact between 
A and B, no flexural stress c occur, since the 
curvature remains constant; but friction may affect 
the longitudinal tensile force T. It is legitimate, there- 
fore, and clearly convenient, to examine the general 
problem in two separate parts: bending without refer- 
ence to friction as affecting changes in the regions of 
A and B, and friction without change of flexure as 





affecting the arc of contact between A and B. It will 
be convenient first to consider the bending problem 
without friction. 

“a that the thickness of the strip, which is 
initially 2a), becomes 2a after bending and 2a, after sub- 
sequent straightening. Then, over the arc of contact 
with the Pay it will have the uniform value 2a, as 
shown in Fig. 9, opposite. During the bending process, 
the outer fibres will extend and the inner ones will 
contract. Suppose that the fibre which remains 
unstrained is that at radius R, = R — az, in Fig. 9. 
Tn a similar way, during the straightening process the 
inner fibres will extend and the outer ones will contract, 
and some fibre at Ry = R + ay, say, will remain 
unstrained. Then, provided the width of the strip 
remains unchanged, the initial and final thicknesses 
are fixed : 

2 _ 2 2 
= = 2 a, = R,- § 

2R, 2 Ry 
Hence the resultant proportional thinning 

oe ay — as Po Ry — Rz 
aq Ry 


and neglecting higher powers of = : 


a ay 
@=-F@+y (1-2). 
Now the fibres in the range R, >r > R, will be in 
tension while bent, while those in the range 
R,z >r >R, will be in compression. Hence the 
hoop tension transmitted through the bent strip will 


Ry Re 
t= | pa -| ‘va : - (5) 


Re ~ By 
where p is the arithmetical yield strength of the fibre 
at radius r under the operative conditions of strain. 
Since the fibres on straightening all assume the 
length of that at Ry, the tension in the straightened 
strip will be : 


™--| 
- . 
If the material has a strain-hardening characteristic 


such that dp = c 


2a) = 





p-— ar 
Ry 0’ 


1 - 
, where cis constant, then 


p=fte loge, 1, being the length when the yield 
stress is f. If this substitution is made for p in equa- 
tion (5), it will be found that, when higher powers of 
a 


R are neglected, 
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ca* a 
T = 2afe +S (22 =- < 4-2). 


In evaluating the drawing tension T,, it is necessary to 
take account of the resultant strain-hardening of the 
different fibres. Fibres between R, and Ry are con- 
tinuously stretched from Rz to Ry, so that : 


p =f + cloge 3 


but fibres at a radius r between Ry and R, are initially 
stretched from a Rz to ar and then compressed from 
arto a Ry, and it is easily shown that, in this case, the 


resultant yield stress will be: p =f + c loge 





r 
Rz Ry 
In a similar way, the stress for fibres between Rz ana 

re 
R, will be : p =f—cloge 7 


When account is taken of rap in thickness of 
each fibre as its length changes from ar to « Ry, the 
drawing tension T, can be expressed in the form : 


Rl 
ne fpgen-[ {roma} i 


By Ry] * 
: ee + close St} a a 


+ [ir meat aH 


If, for the purpose merely of correlating x and y, 
any difterence or aa T and T, is neglected, it will be 
found that : 


ca (x + y)? ’ 
y-2= SG (22-y-S> ) neat. 





The proportional thinning, @ = = (x + y) nearly, can 
then be correlated with T : 


-T m+i1 ™ 4 
TA + e+ se} 


Ca -R 
mar mdgnsty=— 6. « (7) 


where 


This is identical in form with the relationship plotted 
in Fig. 5 if ¢ = k R, which conforms with the assumed 
strain-hardening relation so long as second-order strains 
can be neglected. For purposes of computation, the 
relationship may be written : 


7 HAO + BO, 
2a 


where 
(m +1" R 
eta eso 
and 
2 
pest 2 R 


2(3m +2) a 
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The tension difference T, — T, can be estimated con- 
veniently by applying the principle of work to the 
complete process of bending and straightening. This 
gives: T,Ry—T,Rz=W,+W,, where W,, W;, 
are the components of strain-work per radian of arc 
subtended by the strip during bending and straighten- 
ing respectively. The specific strain work involved in a 


a dl dv : 
continuous strain is | Pp 7 and it is easily shown by 


separate integration for W, and W, that: 
W, + Wy = fa? (2 + 27+ y*) 
ca* @ . 3 
+ opt t2@— ur + de + wr} 


which gives : 

ee L. = (1 + m)(2 — 2?— 22y + y*) 
af a 

+ m {h(x + y)®— 2 zy}. 

When z = y = 0, corresponding to zero thinning, 

T,-—To fa a 

~ Rr" +m) =t,say. . (8) 


In general, the stress difference ¢ can be expressed as : 
m 


ae {% (x +y)* — zy}. 

This can be evaluated in terms of the thinning @ from 

the relations 

oe AMF WDHtms*o’ g ot 89+ NS - OF 
6m+4 6m+4 





pra at -2ey + + 





where ¢ = < 6. It will be found that the ratio — 
falls steadily as @ (and therefore T) increases, so that 
a, P 
when @ = R’ its value is: 
™ 
m+1 
This analysis suggests that a tension difference will 
always be required to bend and straighten strip, this 


“ bending tension ” being of the order of “ and tending 


to diminish as the tension itself increases. 

During its over the pin, the strip is held in 
contact with the surface of the pin against its own 
flexural resilience through the action of an applied 
bending couple, the magnitude of which is determined 
by the conditions of strain and the current yield 
strength of the metal and, therefore, may be regarded 
as constant over the arc of contact where the curvature 
is constant. The system of forces acting on an element 
of the strip of unit width passing over the oI is shown 
in Fig. 10, herewith, the quantities T,, F,, M, referring 


ta s. 
% } ia - (9) 


the notation of Fig. 10, it will be 





a= T — pR,, where R, is the radius of the pin 


to conditions at the point of ey! (A, Fig. 7). With. 
0 


and p the intensity of interfacial pressure. Similarly, 
peripheral forces give 79 =P R, — F, where p is 
the coefficient of friction between strip and pin surface. 
Finally, since 5M = 0, moments about the pin centre O 
give R a = ppR?, where R=(R, +a) is the 
radius to the mid-fibre of the strip. 

By eliminating p between these equations, it is 


shown that 

pa dT R, aT a aT 
—_>_ — —_ «— — =0; F=—- —. 
Zz @*s, w* R, a6 


Having regard to the fact that both yp and — are, in 


practice, relatively small quantities, it will at 
2 

—— 10 

that the solution can be written T=T,e = ,a 

simple modification of the ordinary coil-friction 

formula, in which the effective coefficient of friction 


is p. This solution can be expressed in the form 
Ra, 

of a “ frictional tension,” T — T, = T, (e es th. 
The value to be ascribed to T,, of course, is that of the 
tension in the strip immediately after bending at A, 
the value denoted by T in conjunction with T, in the 
analysis of frictionless bending. The final value of 
T =Ti, say, corresponding to @= BOA in Fig. 7, 
is that immediately before straightening commences, 
and therefore the value of T coupled with T, in the 
analysis of frictionless straightening. 

In practice, where both “ bending tension” and 
“frictional tension” are operative, the resultant 
tension difference T, — T, will be the sum of these 
two components. Under these conditions, of course, 
the bending and straightening will occur under different 
hoop tensions; at bending, the tension will change 
from T, to T,, over the arc of contact it will increase 
from T, to T}, and, during straightening, it will increase 
from T} to T,. But, since the thinning is, in fact, 
nearly proportional to the hoop tension, its value can 
be safely estimated on the basis of the mean tension 
+ (Ty + Ty). 

(To be continued). 





CATALOGUES. 


Metal-Melting Equipment.—Leafiets relating to their 
semi-rotary melting furnaces for gunmetal, brass, 
bronze and aluminium ; lead-melting furnaces and white- 
metal melting plant ; and hot-metal receivers and ladles 
have come to hand from the Monometer Manufacturing 
Company, Limited, Barton Towers, Clifton-drive, West- 
cliff-on-Sea, Essex. 


Wrought Iron.—Messrs. Thos. Ward Limited, Albion 
Works, Sheffield, have sent us a publication produced 
by Lowmoor Best Yorkshire Iron, Limited, entitled 
“Lowmoor Wrought Iron.”” Many technical and other 
data are given to indicate the toughness and strength 
of the puddled iron manufactured at the Lowmoor Iron 
Works, Bradford, without interruption since 1791. 


Aluminium Alloys.—A brochure entitled ‘“‘ Hiduminium 
Technical Data,’’ has now been published by Messrs. 
High Duty Alloys Limited, 89, Buckingham-avenue, 
Trading Estate, Slough, Buckinghamshire. It contains 
detailed particulars of the wrought and cast aluminium 
alloys produced by the firm. The information is set out 
in neat tabular form, enabling the desired facts to be 
turned up easily and quickly. 


Alternating-Current Solenoids.—Two of the solenoids 
manufactured by them are described in pamphlets issued 
by Westool, Limited, St, Helen’s Auckland, Bisbop 
Auckland, Co. Durham. These solenoids are wound for 
any voltage up to 500 volts single-phase and for any 
frequency. The larger unit is designed for strokes up 
to 2 in. with a maximum pull of 20 Ib., and the smaller for 
strokes up to 1 in. with a maximum pull of 6 Ib. 

Constructional Steelwork.—The Butterley Company, 
Limited, 2, Caxton-street, London, S.W.1, have recently 
issued a new brochure entitled “ Constructional Steel- 
work by Butterley.”” It contains a series of photographic 
illustrations showing various stages in some of the work 
which has been entrusted to the company’s construc- 
tional-engineering department, including the tied-arch 
roof span at St. Pancras Station, London, and various 
factory buildings, road and railway bridges. 

Variable-Ratio Drives.—Messrs. Varispeed Gears (Roch- 
dale), Limited, Caton-street, Rochdale, manufacture 
several sizes of variable-ratio drives, the capacities of 
which are described in a leaflet we have received from the 
firm. The drive is transmitted by one or more standard- 
size V-belts between wedge-grooved pulleys, which are 


und by considering | split and held together by springs, so that, by varying 
radial forces on the shaded element of strip that|the width of the grooves, the radii at which the belt 


operates are varied. The largest size will transmit up 
to about 30 h.p., depending on the speed. 
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NOTES ON NEW BOOKS. 


The Work of the Bridge Builders. By J. Gorpon 
Perrson. Pen-in-Hand Publishing Company, Limi- 
ted, 11, St. Michael’s-street, Oxford. [Price 7s. 6d. 
net.] 

AttHoucH this little book really belongs to the 

“popular ”’ category, it contains in a compact form a 

great deal of technical information about the design 

and methods of construction of a number of large 
modern bridges. The descriptive matter is divided 
into five sections, dealing, respectively, with bridges of 
the arch, girder, cantilever, suspension, and movable 
types. Inevitably, the descriptions are much con- 
densed, and for this reason the utility of the book 
would be considerably enhanced if the author had 
quoted the sources of his information for the benefit 
of readers who might desire further details, as he 
has done in the case of the half-tone illustrations. 

Though the presentation is somewhat marred by an 

occasional untidiness of style, the book has distinct 

merits and might well form the basis of something 
more substantial. 


Aero Engines for Students. By R. A. Bravumont, 
A.M.I.Mech.E., A.F.R.Ae.S. Second edition. George 
Allen and Unwin, Limited. [Price 12s. 6d. net.] 

THE second edition of this book has been enlarged 
considerably and includes much of the information 
released during the immediate post-war period. Like 
the first edition, which was revic wed in ENGINEERING, 
vol. 156, page 280 (1943), it is written for the student 
who has absorbed already the principles of the internal- 
combustion engine. It deals with design, types of 
engine and their construction, carburation, super- 
charging and gas turbines, the subject-matter being 
presented in a clear form. This applies particularly to 
the chapter on supercharging, the factors influencing 
this being explained in a progressive manner, so that 
no difficulty should be experienced in understanding 
the reasons for the various developments which have 
occurred. The majority of the illustrations which 
appeared in the first edition have been changed and 
additions made, the latter including the Wright 
Cyclone engine. The text also has been rearranged, 
the chapter on carburation now including details of 
the injection carburetter. This is described with 
exceptional clarity, liberal use being made of line dia- 
grams, and is probably the best description of this 
component published so far. The same, however, can- 
not be said for the chapter on gas turbines. Even an 
introduction to this subject cannot be covered ade- 
quately by a single chapter, and in view of the author’s 
decision to include this subject, it is to be regretted 
that he did not deal with basic principles rather than 
give brief descriptions of representative gas turbines. 





Theory and Design of Cylindrical Shell Structures. By 
R. 8. Jenkins, A.M.I.C.E. The O. N. Arup Group 
of Paprary, bem ggg Colquhoun House, Broad- 
wick-street, mdon, W.1; and Lund, Humphries 
and Company, Limited, 12, Bedford-square, London, 
W.C.1. [Price 21s.] 

INTEREST in shell concrete construction is growing 
rapidly in this country, so that the appearance of this 
bookis timely. The earliest developments in this mode 
of construction were in Germany and other Continental 
countries, followed closely by America, and much of 
the literature on the mathematical theory of shells and 
barrel vaults is from German and American sources. 
Considerable work, however, has been done lately 
in this country, and Mr. Jenkins’s book is a useful 
contribution to the subject. He applies matrix 
methods to the analysis of shell structures and shows 
how to arrange solutions conveniently for computation 
by means of calculating machines. The presentation is 
entirely mathematical, and familiarity with matrix 
notation and operation is essential to the reader; no 
numerical applications of the theory are given. The 
word “ design ” in the title may be a little misleading 
to some engineers, as many items which are commonly 
regarded as coming under the heading of design are not 
dealt with at all ; examples of such items are types of 
cylindrical shell structure, common proportions of 
different types, arrangement of reinforcement, natural 
lighting, and expansion joints. The treatment is 
essentially theoretical and analytical and, to the 
designer with good mathematical equipment, this will 
be a stimulating book that should repay close study. 





FLOOD-DAMAGED RAILWAY BRIDGES.—About 850 tons 
of military railway bridging equipment have been pro- 
vided by the Army to the Railway Executive for tem- 
porarily rebuilding railway bridges that were damaged 
in the Border Country during the recent floods. The 
work is being carried out by railway staff and contractors, 
with some advice from military officers and N.C.O.’s. 
The work on road bridges damaged at the same time was 
dealt with on page 235, ante. 
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ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given i the Spestfeciion Drawings 
=~ fp yb > where none 12 mentioned, 
Specification is not illustrated. 


Where inventions communicated from abroad, the 
Names, aie, of the Oommunteniors are gteen in italics. 
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AGRICULTURAL APPLIANCES. 


601,345. Pneumatic Conveyor. W. B. Bawn and 
Company, Limited, of London, and R. Wells, of London. 
(3 Figs.) October 2, 1945.—This invention relates to a 
pneumatic conveyor suitable for use by farmers for mov- 
ing grain or other material. It comprises a fan which 
supplies an air stream to a mixing chamber into which 
the material to be conveyed descends by gravity through 
a chute from a hopper and from which mixing chamber 
it is conveyed by the air stream to a delivery pipe. 
The conveyor consists of two main walls, one of which 
is shown at 10, arranged parallel to each other. The 
lower ends of the walls are outwardly flanged at 12 
to serve as a base for attachment toasupport. The walls 
receive at their upper ends a hopper shown in part at 13, 
with a large rectangular mouth, having an aperture 20 
in its lower part. Supported between the walls immedi- 
ately below the aperture 20, is a chute 21 controlled 
by a gate valve 22, which is pivoted in the chute on a 
spindle 23. The valve has a stud 24 which sweeps 
through an are-shaped slot in the wall of the chute and 
carries a butterfly nut 26 on the outside by which it can 
be clamped in any chosen position. The lower end of 














the chute 21 extends into a mixing chamber provided 
by a cylindrical casing 27. One end of the casing 27 
is partly closed by a wall 28, leaving an aperture 29 
which is substantially smaller than the bore of the 
casing and is eccentrically disposed at the lower part 
of the bore. The other end of the casing 27 leads 
directly into the end of a delivery pipe 30 which may be 
flexible along the whole or a part of its length. Louvres 46 
in the pipe 30 prevent the development of back pressure, 
particularly if the material is to be conveyed for long 
distances. A fan with blades 36 runs in an annular 
casing 37, and from an aperture 38 in this casing there 
leads a tangentially-arranged pipe 39 which supplies air 
to the mixing chamber 27. Air is supplied to the fan 
through an aperture in one of the walls, the admission 
being regulated by a closure plate. If grain or other 
material is fed into the hopper, it will pass down the 
chute 21 into the mixing chamber casing 27 at a rate 
which can be controlled by the valve 22. The air 
stream supplied by the fan reaches the mixing chamber 
casing through the pipe 39, and will carry the grain or 
other material along the delivery pipe 30 to the required 
destination. (Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


599,755. Combustion Chambers. John Fowler and 
Company (Leeds), Limited, and A. C. Howard, both of 
Leeds, Yorks. (5 Figs.) September 22, 1945.—This 
invention is a flame cup for use in the combustion 
chamber of a compression-ignition internal-combustion 
engine of the liquid-fuel injection type. Its object is 
to combine ease of manufacture and fitting with the 
production of that turbulence of the gaseous charge 
which is necessary for complete combustion. The 
bore of the combustion chamber 1 is dome-shaped 
at its upper end 4 and recessed at two places 5 and 6, 
at 5 to receive the walls 7 of the flame cup 3 and at 6 
to receive the peripheral flange 8 on the base 9 of the 
cup 3. The flame cup forms a combustion chamber 


liner in the head 2 and is made a loose fit in the bore 
so that it will not readily transfer its heat throuch the 
water-cooled metal surrounding it. The throat 19 
leading from the combustion chamber 1 to the cylinder 
is constituted by an elliptical or similar elongated shapeq 
bore 102 in the base 9 of the flame cup which ovorlapg 
the cylinder block 13 in the usual manner. The area 


N : 





and exact shape of the throat 10 may be calculated and 
formed as desired having regard to the required efficiency 
of the engine. In order to afford a lead into the main 
throat 102 for the compressed air when the piston 15 ig 
approaching top dead centre, a horizontal secondary 
aperture 10y is provided leading into the main throat 10z 
from the cylinder head 2. Adjacent to the secondary or 
turbulent throat 10y, the head 2 is recessed at 16 to 
direct the air movement across the bottom of the chamber 
through the throat 10y, to set up turbulence by reversing 
the swirl of the vertically-driven air during tbe earlier 
portions of the compression stroke of the piston, 
(Sealed.) 

TEXTILE MACHINERY. 


601,064. Cleaning Textile-Crushing Rollers. A. Varga, 
of Ilkley, Yorks, and T. Merchant, of Rochdale, Lancashire. 
(2 Figs.) June 8, 1945.—-This invention is a device for 
cleaning the peripheral surfaces of pressure rollers for 
crushing foreign substances in textile webs or fleeces, 
The object of the invention is to provide a cleaning device 
with a low frictional resistance but an efficient cleaning 
action. In an apparatus having two pressure rollers 
1 and 2, a cross supporting tie rod 3 for the upper roller 1 
is mounted between the end frames 4 to support a carrier 
bracket 5, upon which is mounted a scraper blade 6 to 
make contact with the upper roller 1. The blade is 
secured by screws to a rebated forwardly projecting longi- 
tudinal flange 7 on the carrier bracket. To support the 
bracket two or more arms 8 are secured to it for mounting 
on the tie rod 3 so that the blade can swing towards and 
away from the roller. To retain the blade in its operative 
position, one or more comparatively long tension springs 9 
are each arranged to extend in the same direction as the 
blade when operative. Each spring is anchored at the 




















(601,064) 


inner end to the carrier bracket and to a stationary part 
at the outer end. The inner end is a screw-threaded rod 
10 passed through the bracket 5 with a securing nut 11 on 
each face of the bracket shaped to allow a limited pivotal 
movement of the rod 10. The outer end consists of 4 
screw-threaded rod 12 provided with a tension adjusting 
nut 13. This nut is seated in a recess in an anchorage 
bracket 15. To accomplish this, the spring is extended 
for the nut to clear the bracket and allow the rod to be 
slipped into a slot in it. By this arrangement, a retaining 
spring can be released at will by a simple extension and 
unhooking movement. Each anchorage bracket 15 is 
secured on a cross shaft 16 extending between the end 
frames. The lower pressure roller 2 has a similar device 
with a carrier bracket 5 mounted above its supporting 
shaft, as already described. The scraper blade may be 
made of a flexible or rigid material with a chamfered 
scraping edge and can be of a laminated construction. 
It is easily released for cleaning and adjustment and does 
not produce undue frictional resistance with attendant 
wastage of power. (Sealed.) 
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THE. MEASUREMENT OF 
PERIODIC ERRORS IN GEAR- 
HOBBING MACHINES.* 


By C. Timms, M.Eng., A.M.I.Mech.E., 
A.M.I.P.E., A. A. Kina and L. E. Jeans. 


Tue pioneer work of the late Dr. Tomlinson on 
the metrology of gears included a study of methods 
of measuring the periodic errors of the controlling 
movements of gear-hobbing machines while the 
machines were in motion.t In 1929, he succeeded 
in devising a method of recording such errors as a 
fine trace on the smoked surface of a glass plate. 
This method has since been used quite successfully 








by the National Physical Laboratory, and manu- 
facturers and users of gear-hobbing machines, for 
checking the performance of the machines. The 
instruments as originally devised by Dr. Tomlinson 
have been improved from time to time, and the 
purpose of the present article is to provide an up-to- 
date record of the latest form of the instrument and 
its method of use. 

The equipment consists of an accurately divided 
notched disc mounted on the end of some con- 
venient shaft, such as the main wormshaft or hob- 
spindle of the machine. This disc actuates a sensi- 
tive micro-switch and the impulses from the “‘ make 
and break” are recorded by a piezo-electric record 
cutter on a smoked plate which is carried slowly 
round on the machine table. For uniform trans- 
mission of the table movement the spacing of the 





Fie. 1. 


RECORDING EQUIPMENT ON GEAR-HoBBING MACHINE. > oe 


Fie. 2. Contact BREAKER AND InpEx Disc on Hos-SpinpDie. 








record marks on the plate should be exactly equal 
any inequality in the spacing gives a measure of 
the errors in the table movement relative to the 
master indexing worm or hob spindle. In pre- 
cisely the same way the movement of the hob saddle 
carriage can be related to the rotation of the feed 
screw. 

A photograph of the arrangement and set-up of 
the equipment on a wheel-hobbing machine is repro - 
duced in Fig. 1. The equipment is arranged to 
record, simultaneously on a smoked plate the varia- 
tions from uniformity in table movement for each 
revolution of the hob spindle and wormshaft respec- 
tively. For this purpose an index plate having 
20 equally spaced teeth is mounted concentrically 
on the hob spindle and a similar disc (not shown in 
Fig. 1) is located on the end of the wormshaft. Each 


ASSEMBLY OF RECORDERS ON SMOKED PLATE. 


disc operates a contact breaker arranged in series 
with a recorder which makes contact with the smoked 
plate secured to the machine table. An enlarged view 
showing the contact breaker and the index disc 
attached to the hob spindle is given in Fig. 2. The 
contact breaker is mounted on the end of a ground 
cylindrical bar rigidly attached to the machine 
frame. As the disc rotates, the face of each tooth 
operates the contact breaker by engaging with the 
tip of a blade and so deflects it from its free position. 
This deflection operates the plunger of a sensitive 
micro-switch which breaks the electrical circuit. 
By this means each recorder receives a series of 
impulses which are registered on the smoked plate 
by a diamond scribing point. A more detailed view, 
showing the location of the two recorders in relation 
to the smoked plate, is given in Fig. 3. The weight 
of each recorder is taken on a ball-ended skid placed 
in front of, but slightly to one side of, the scribing 
point. The function of the skid is to damp out 
any residual machine vibration which otherwise 
would be transmitted directly to the recorder. 





* Communication from the National Physical Labora- 
tory. The work described has been carried out as part 
of the research programme of the Laboratory and is 
published by permission of the Director. 

+ ‘‘ Method of Measuring the Periodic Error of a 
Mechanism.” G. A. Tomlinson, D.Sc., Jl. Scientific 
Insts., vol. 6, No. 5, May, 1929. 
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Details of the index disc and the method of mount- 
ing it on the end of a spindle are given in Figs. 4 
and 5. With regard to the latter, a ground conical 
bore in plate A fits on a corresponding taper spigot 
formed on the end of the appropriate driving shaft 
or On some convenient extension piece, the plate 
being held in place by a knurled screw. The outer 
plate B on which the teeth are ground is secured to 
plate A by four set screws, passing through clearance 
holes so that the teeth can be set truly concentric 
with the axis of rotation of the shaft. This setting 
can be checked by a dial indicator bearing on the 
reference band which is ground round the periphery 
of disc B at the same setting as the teeth. Asa guide 
to the accuracy of setting required, the total throw 
of the dial indicator should not exceed 0-0005 in. 
(0-01 mm.) when the indicator is bearing on the 
reference band and also when making contact with 
the side face. The index plates usually have 20 teeth. 
In some cases 20 impulses per shaft revolution may 
be unduly large, and, in general, half this number is 
sufficient to reveal the waveform of most periodic 
errors. To meet this requirement, therefore, alter- 
nate teeth on each disc have been partly ground 
away, as indicated in Figs. 4 and 5. 

The contact breaker (Figs. 6 to 9), consists 
essentially of a standard design of micro-switch 




















RECORD TRACE 


(Type 2 double-throw, supplied by Messrs. Burgess 
Products Limited), which is attached to a pair of 
parallel steel strips AA 0-008 in. (0-2 mm.) thick. 
The leaf spring B secured to the lower steel block C is 
arranged to make contact with the operating button 
D of the micro-switch. The necessary adjustment 
for a minimum clearance at D is provided by the set- 
screw E. The leaf spring (Figs. 8 and 9) is slightly 
‘dished ” in cross-section which not only increases 
its rigidity but also ensures that the deflection due 
to intermittent contact with the disc occurs near its 
fixed end. This design of switch operates with a 
light contact pressure of about 7 oz. (200 g.), and a 
deflection of button D of only 0-0002 to 0-0003 in. 
(0-005 to 0-008 mm.) is sufficient to make or break 
the circuit. In addition, it is capable of operating up 
to about 120 times per minute, which is much higher 
than that normally used when testing gear machines. 

In use, the tip of the leaf spring overlaps the tooth 
flanks of the index disc by about 0-01 in. (0-3 mm.), 
the final adjustment being effected by axial move- 
ment of the switch assembly relative to the fixed 
support F (Fig. 7). This setting is carried out by 


rotation of the control screw G, which abuts against 
the fixed support F under the tension of the retaining 





spring H. This allows the switch to be put out of 
action readily without disturbing the complete set- 





(e390) w= 


up. Fig. 2 shows the contact breaker in its normal 
operating position, the leaf spring being arranged 
radially with respect to the index disc and adjusted 
so that the blade deflection is just sufficient to 
operate the micro-switch. 

As already mentioned, it is usual when testing a 
machine to make simultaneous records of the errors 
in table movement relative to the wormshaft and 
the hob spindle respectively. For convenience 
in setting, a dual type of mounting has been designed 
as illustrated in Figs. 10 to 13. Each recorder is 
secured to the fixed support A through a parallel 
steel strip form of hinge connection, which provides 
the necessary degree of movement in a plane normal 
to the machine table. The recording diamond 
points are of pyramid formation terminating in a 
radius of approximately 0-0001 in. (0-002 mm.). 
The diamond is cemented into the end of a short 
steel shank C which is secured to the free end of a 
flexible hinge formed by two parallel steel strips D. 
As shown in the enlarged plan (Fig. 13), each strip 
is attached to a thin steel lamina of U formation, 
the latter being connected to the recorder crystal by 
means of a cylindrical fork E. This design of 
holder thus provides a flexible form of suspension 
for the diamond which facilitates the subsequent 
adjustment of the scribing point relative to the 
smoked plate. The ball-ended skid F is offset 
relative to the path of contact of the diamond, and 
its function is to damp down extraneous vibrations 
which inevitably occur during the operation of gear 
machines. In addition, the skid provides a very 
precise method of adjusting the scribing point to 
give a light contact pressure. This adjustment is 
effected by rotating the skid through the 6 B.A. 
screw mounting, and is essential for satisfactory 
recording. This type of record cutter (RH — 1), 
supplied by Cosmocord Limited, Enfield, operates 
on @ maximum voltage of 50 direct current. 

Details of the circuit diagram are given in Fig. 14. 
A power supply of 230 volts alternating current is 
fed into a 1:1 transformer the output from which 
is passed first through a half-wave rectifier and then 
through a smoothing circuit consisting of condensers 
C, (32y F) and resistors R, (6-8 K). A recorder A 
and contact breaker B are connected in each of two 
identical circuits from the same tappings on R, (20 K) 
and R, (10K). Each circuit has been designed so 
that the potential across the recorder with the switch 
B closed is negative with respect to the potential 
when the switch is open. In this way the recorder 
receives alternate negative and positive impulses, 
and the resultant deflection (0-002 in. (0-05 mm.) 
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(9390.1) 
approximately) of the scribing point is considerably 
greater than if an intermittent impulse of only 
50 volts were applied. A condenser C, (0-5 yu F) is 
connected across each contact breaker to suppress 
sparking and thus prevents possible damage to the 
silver contacts inside the micro-switch. The resistors 
R, and R, are of 68 K and 47 K ohms, respectively. 

Fig. 15 shows a portion of an actual record 
enlarged to 25 times full size. The series of signals 
along the trace correspond to electrical impulses 
applied to the recorder by the operation of the 
contact breaker. The circuit has been designed 
to provide a quick response when the contact is 
closed, with the result that the displacement of the 
scribing point forms a well defined ‘square kick ” 
which is essential for accurate measurement. In 
connection with the latter the quality of the record 
obtained also has a definite bearing on the accuracy 
of measurement, and for this class of work the 
thickness of the record trace on the smoked plate 
should not exceed 0-0003 in. (0-008 mm.), i.e., a 
line thickness of 0-015 in. (0-4 mm.) when magnified 
50 times. For this reason a diamond scribing 
point is preferred to a hardened-steel needle as it is 
more durable, and if used with reasonable care will 
retain its point for several years. The contact 
pressure of the diamond should be just sufficient 
to cut through the smoke film without scratching 
the glass surface. A diamond pressure of about 
0-1 gm. is quite satisfactory for this purpose. 

A point of some importance is the preparation of 
the smoke film. In the first instance, the plate 
of glass should be thoroughly cleaned in warm soapy 
water to remove all traces of grease deposits from 
its surface. An even smoke film is then applied 
to the glass by passing it to and fro over the flame 
of a wax taper. Finally, it is necessary to “ fix” 
the film by pouring a small quantity of petrol 
over the surface. Without this treatment a 
feathery line is obtained instead of a clean-cut trace. 

The measurements are made as follows: (i) In 
practice the machine is allowed to run for some time 
before the records are taken and the datum signal 
selected for measurement is usually about 1 in. (25 
mm.) from the end of the plate in order to ensure 
that the recorder has settled down. (ii) The linear 
distances from this datum position,to each succeed- 
ing signal are measured with a travelling microscope. 
For the table recordings, the signals are not normally 
measured round the circular arc, but in a series of 
short chords. The maximum chord length measured 
at one setting of the glass plate should not exceed 
about 1} in. (40 mm.) for a record radius of 20 in. 
(50 cm.). The effect of curvature is more apparent 
on a pinion machine due to its limited diametral 
capacity as compared with a wheel-hobbing machine. 
in practice, however, little difficulty or inconvenience 
18 experienced in taking measurements along a series 
of chords and the results obtained can be computed 
directly. The need to apply some form of correction 
does not arise as the chordal and circular distances 
are approximately the same. 


Turns Worm 











(iii) As periodic errors only are being measured, 
a convenient length of record covering a whole 
number of turns of the dividing disc is taken as a 
basis and® its measured length divided by the 
number of recorded readings which are contained 
by it. For example, a record length covering 
10 turns of the wormshaft would be covered by 
100 measurements taken at every signal. The 
measured distance from 0 to the 100th reading is 
therefore divided by 100. The result is now multi- 
plied by the natural numbers from 1 to 100, and 
each successive product compared with its corres- 
ponding measured value taken from the record. 
If the machine were free from errors in relative 
motion between the worm and table, the two sets 
of results would be identical. The actual differ- 
ences obtained by algebraic subtraction of the calcu- 
lated from the measured values give the errors in 
relative motion between the two members con- 
cerned. It is standard practice to express these 
errors in terms of linear motion at the pitch circle 


























plotted against abscisse corresponding to a single 
turn, and the result is a graphical representation of 
the errors in an “average turn.” If the length of 
graph considered begins and ends at zero ordinate, 
the “average turn” will begin and end at equal 
ordinates and the mean periodic error may be read 
off with ease, for example, as shown by the short 
length of curve on the right of the main curve A in 
Fig. 16. An example of this method of evaluation 
is given in Table I, in which each column corresponds 
to the errors for one turn of the worm given in 
curve A, and the “average turn” is given in the 
last two columns. 

If the relative motion being considered is likely 
to contain cyclic errors of more than one frequency 
(such as the relative motion of hob and table), it is 
possible to separate these errors one by one, sup- 
pressing the random errors each time by the averag- 
ing process described above. The condition for 
this to be possible is that the length of record 
selected shall contain integral numbers of cycles 























TABLE I. 

Zero 

Measured Results Curve A, Fig. 16 Mean. Corrected 
Turns of Wormshaft (Unit 0-0001 in., = 0-00254 cm.). | 
ist ce Unit 0-0001 in. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
| \ 

0 +1 + 2 + 7 0 +8 -2 +4 | + 0 + 1-6 (0) 
0oj;-1 -1 + 5 +1 + 4 —2 eo —2 -—7 — 0:3 — 1-9 
—~4i | $6@ —? +5 + 6 +2 3 —-1 | = +2 + 1-4 — 0-2 
+e 1 +3 +4 +2 + 5 + 6 0 | 0 + 2 + 2-6 + 1-0 
+6 | +7 + 6 +8 + 6 +11 +10 +11 | +1 +2 + 6-7 + 5-1 
+5 | +8 +10 +8 + 5 +10 +4 +10 +7 +4 + 7:1 + 5-5 
+S) +7 +13 +12 +10 + 6 +4 + 6 +7 + 6 +79 + 6-3 
+7 | +6] +0] +7 |) +9] +6 +5 | +8 + 5 +6 + 6-7 + 5-1 
+6] +7 | +6 +1] +86 +8 +10 +5 +1 +6 + 5-6 + 4-0 
+1 +1 {| +65 +2 /| +6 +4 +1 | 0 +4 +1 + 2°5 + 0-9 

+1 + 2 +7 0 +8 —2 nila -—4 0 0 + 1-6 (0) 

















of the master wheel and a proportional adjustment 
will be necessary if the actual records were taken at 
a different radius. Curves A and Bin Fig. 16 show 
typical errors in table movement relative to the 
wormshaft and hob spindle, respectively, with the 
table turning anti-clockwise y 
The graphs obtained as described in the previous 
section usually show, in addition to the periodic 
errors, other errors of a random nature which tend 
to mask the true periodic errors. The following 
simple method of averaging serves to reduce the 
effect of these random errors and enables the true 
periodic errors to be estimated more precisely. 
Consider first a relative motion containing a domin- 
ant cyclic error of one frequency such as that nor- 
mally found between the worm and table in a solid- 
table machine. A suitable length of record is 
taken, covering, say, 10 turns of the worm, or any 
other integral number which may be convenient. 
This length of record is divided into groups, each 
containing the errors found in one turn. The errors 
of equal phase are then added together and the sums 
divided by the number of turns being considered. 
The ‘average ordinates ” thus obtained are then 





of both errors, the integers being different, but 
preferably none being a sub-multiple of the smallest. 
To take an example, a record of relative motion 
between hob and table may contain errors of the 
frequencies of all the intermediate gears from the 
hob spindle to the table. In general, however, only 
the hob spindle and wormshaft frequencies are likely 
to be of low enough frequency and large enough 
amplitude to be of importance, and these alone will 
now be considered. Suppose now that for every 
five turns of the wormshaft the hob spindle makes 
six turns. The wormshaft record has already been 
measured over 10 turns, so that the hob-spindle 
record which is taken simultaneously, will naturally 
be measured over the same r distance and it 
will contain 12 turns of the hob spindle, giving 
120 readings. If the curve is first divided into 
10 sections of 12 readings each and then into 12 
sections of 10 readings each, the “‘ average turn” 
derived from the former gives the mean periodic 
error of hob-spindle frequency. In this way, each 
result is entirely free from any component due to 
the other frequency. For example, curve B. Fig. 16, 
has been analysed by this process and the derived 
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results are shown by the two mean curves identified 
as worm and hob, respectively, on the right of 
curve B. The desired ratio between hob and 
worm revolutions can be obtained readily by setting 
the dividing gears to cut a suitable number of teeth. 

The results obtained by the method of test under 
review reveal, in addition to periodic errors, other 
errors of a random nature, which may, depending on 
their magnitude, mask the presence of real cyclic 
variations, The method of analysis described in 
the previous section tends to smooth out these local 
irregularities and enables the true periodic errors to 
be estimated more precisely. These random errors, 
however, are of sufficient importance to warrant 
some reference to their origin. They may arise 
from one or more of the following causes : (a) actual 
errors in the machine ; (6) vibrations of the machine 
while running ; (c) erratic behaviour of the index 
disc and contact breaker; (d) erratic behaviour of 
the recorder ; or (e) observational errors in measur- 
ing the records, 

The degree of repeatability of the recording 
equipment was tested by repeating a series of tests 
under identical conditions of operation. Analysis 
of the results obtained on several machines showed 
that the general order of repetition of individual 
measurements was about + 0-0001 in. (+ 0-002 
mm.). Even if itis assumed that each machine 
repeated its operations perfectly, the random 
variations thus attributable to instrumental and 
observational errors are still very small. These 


results, coupled with the knowledge gained from an 
extensive use of this equipment have led to the 
conclusion that the method as a whole is capable of 
determining the periodic errors of mechanisms such 
as a gear-hobbing machine to an accuracy of 
+ 0-00006 in. (+ 0-001 mm.). 





LITERATURE. 


Applied Differential Equations. By Proressor F. E. 
RELTON. Blackie and Son, Limited, 66, Chandos- 
Place, London, W.C.2. [Price 20s. net.] 

THE mathematical formulation of most technical 
problems, particularly those involving rates of 
change, leads to a differential equation. The 
solution of such equations is, therefore, one of the 
most important practical branches of mathematics. 
Unfortunately, even innocent-looking differential 
equations may prove difficult, or even impossible, 
to solve ; but there are a number of standard types 
of differential equations that are amenable to exact 
solution, as well as certain methods of handling 
those that defy formal solution. With these and 
their variants, the applied scientist must be familiar. 
He does not want tediously rigorous demonstrations 
of general theorems he will never be called upon to 
apply and is rarely concerned with the exceptional 
cases, most of which are mathematical museum 
pieces. Professor Relton’s experience of teaching 
in a faculty of engineering has kept him in touch 
with practical needs and enabled him to present, 
in a directly accessible form, the minimum of 
knowledge concerning differential equations re- 
quired for tackling technical problems. 

The book opens with a thorough treatment of 
ordinary linear differential equations with constant 
coefficients, occupying close on a hundred pages. 
The standard methods are explained and exempli- 
fied, while the symbolic method is introduced and 
used for finding the particular integral. The section 
on the exact differential affords an excellent example 
of the author’s concrete approach, the difference 
between a differential that is exact and one that 
is not being brought out by evaluating line inte- 
grals along alternative paths between two points. 
The implications of this fundamental concept in 
thermodynamics is indicated. It may be remarked, 
however, the angle ¢ is usually termed the initial 
phase, and not the phase as stated on page 53; 
while, on page 64 (H B) should read H (B). 

A short chapter on simultaneous differential 
equations, and, in particular, those arising in con- 
nection with coupled systems, is followed by an 
account of Fourier’s series, in the course of which 
it is shown that the rule for determining the Fourier 
coefficients is in conformity with the principle of 
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least squares. Partial differential equations are 
next discussed, with particular reference to those 
encountered in wave motion and heat conduction. 

The fact that many differential equations met 
with in practice do not admit of formal analytical 
solution has stimulated the search for non-analytical 
solutions. These seldom receive the attention they 
deserve, and the prominence that Professor Relton 
gives to them is a valuable feature of his text. The 
graphical method of isoclinals affords a simple 
means of tracing integral curves and is described in 
detail. The alternatives to graphical methods are 
numerical methods, which are of two types, one 
expressing the independent variable as a series in 
the dependent variable and the other leading to a 
table of corresponding values of both. Taylor’s 
and Picard’s methods are given to exemplify the 
former; Euler’s and Runge’s to exemplify the 
latter. Differential equations expressing properties 
of curves or surfaces in space involve three variables. 
Methods of dealing with them are explained and 
applied to the investigation of lines of force and 
equipotential surfaces. 

The final chapter is concerned with linear equa- 
tions, the coefficients of which are functions of the 
independent variable. Such equations are not 
usually soluble in elementary terms, and certain of 
them serve to define such important transcendental 
functions as those of Bessel, Legendre, etc., to which 
brief reference is made. Something like 400 exam- 
ples are included, many of them taken from scientific 
papers, and answers are usually provided. Addi- 
tions that would increase the general usefulness of 
the book are an account of the Laplace transform 
in the solution of differential equations, and some 
reference to non-linear differential equations, parti- 
cularly the simpler forms, in which the non-linear 
terms are of the nature of small perturbations. 


By A. PrRARD. Dunod, 92, Rue 

Bonaparte, Paris VIe. [Price 1,550 francs.] 

Tuts book is published with the assistance of the 
“Fondation Universitaire de Belgique,” and the 
author is a member of the staff of the engineeri 
department of the University of Liége, who took a 
prominent part in re-equipping its photo-elastic 
laboratory, which suffered extensive war damage. 
The second part of the book is devoted to photo- 
elasticity proper while, in the first part, M. Pirard 
presents the classical theory of plane elasticity in a 
clear and concrete manner, with special emphasis 
on those aspects which are of practical importance 
in connection with photo-elasticity. Particular 
points to which attention may be directed in this 
first part are the detailed discussion of the various 
families of characteristic curves (isostatics, iso- 
clinics, etc.) with instructions for tracing them 
and an account of the relationship between them ; 
the consideration of the conditions under which the 
stress distribution in a structure of one material 
subject to a two-dimensional system of forces can 
be inferred from the stress distribution in a similarly 
loaded reduced-scale model of the structure in 
another material; and the comprehensive classifi- 
cation of the singularities of different types and 
orders exhibited by the families of characteristic 
curves. Also notable is the extensive use made 
of the function of tensions introduced by Airy, and 
its application to the solution of a wide range of 
problems in plane elasticity, both in Cartesian and 
polar co-ordinates ; these afford a valuable check 
on the results of corresponding phote-elastic obser- 
vations. 

The second part opens with a brief but adequate 
account of the wave theory of light and the optical 
phenomena of bi-refringence and polarisation pro- 
duced by reflection, refraction and double refraction, 
together with a description of the manner in which 
these properties are exhibited in thin crystal slices. 
A chapter is devoted to the optical properties of 
Cellophane and includes a description of methods 
for preparing compensators and quarter wave 
plates of large area from this material. Photo- 
elasticity provides a visual means for ascertaining 
the stress distribution within a model cut from 
a plane parallel-faced slab of some suitable trans- 
parent material under an assigned externally 





applied system of coplanar forces. It is based upon 


Brewster’s observation that certain transparent 
substances, optically isotropic when unstressed, 
become optically anisotropic under stress, the 
degree of anisotropy developed, as revealed by the 
corresponding birefringence, being quantitatively 
related to the local state ofstress. Materials suitable 
for the construction of such models are considered, 
methods for s' ising and annealing them are 
described with indications of the effects of ag:ing 
and hysteresis. Directions for the preparation 
of the actual models, with due warning against local 
overheating in the process, are also given. The 
author recommends Plexiglas for the observation 
of isoclinics and the celluloids or synthetic resins 
for the observation of isochromatics. 

A detailed description of the ‘“‘ photo-elasticimeter ” 
recently designed and built for the photo-elastic 
laboratory of the University of Liége is given and 
the technique of operating it is fully described; 
the selection of superb photographs of isochromatic 
and isoclinic patterns obtained with its aid provides 
eloquent evidence of its merits. The two patterns 
chosen to serve a8 tail pieces to the volume should 
not be overlooked. One notable feature of this 
installation is the use of Polaroid filters in place of 
Nicol prisms, whereby a greatly enlarged field of 
view is secured and auxiliary lenses can be dispensed 
with. The method of procedure for obtaining and 
interpreting the patterns is illustrated with reference 
to two series of test specimens in the forms of 
chamfered circular discs and rectangular sheets 
with central circular holes. Special methods for 
deducing the individual principal stresses are 
briefly described. Fuller details of the recently 
developed technique of “freezing” the strain 
pattern within a specimen and examining successive 
sections cut from it would have been welcome, as 
this process offers a promising means of extending 
photo-elastic methods to three-dimensional stress 
distributions. In this attractively written and 
excellently produced book, M. Pirard covers the 
essentials of photo-elasticity in a comprehensive 
and authoritative fashion. 


Concrete Materials and Practice. By Dr. L. J. MURDOCK, 
M.Sec., A.M.I.C.E. Edward Arnold and Company, 
41 and 43, Maddox-street, London, W.1. [Price 21s. 
net.) 

THE preparation and placing of concrete are not re- 

cognised as a craftsman’s trade ; neither are, many 

engineers specially trained in the science and tech- 
nique of making the best choice and use of its ingre- 
dients which, being natural substances, are variable 
in composition, degree of purity and physical proper- 
ties. To select and use them, so as to ensure a 
consistent product to serve each particular purpose 
for which concrete is adaptable, requires both 
knowledge and discrimination. To enable the 
engineer to produce economically a concrete of 
even consistency, whether the aim be strength, 
watertightness, resistance to wear or to chemical 
attack, a vast amount of research work has been 
done in this country and abroad, but much of it 
has been described in terms which do not appeal 
to the practical man. The appearance of a book 
in which the results of scientific investigation and 
the technique of concrete engineering are placed 
in their proper relationship, by an author experienced 
in both, is therefore timely. Dr. Murdock, who 
holds a responsible position in the laboratories of a 
progressive firm of contractors, is particularly well- 
equipped to write such a book, and has achieved 
no mean feat in compressing the whole subject, 
from the winning and preparation of the raw 
materials to the surface treatment of the finished 
product, into little more than 300 pages. Not to 
overload the text with details which mainly concern 
the specialist, some of the more elaborate tests 
are either relegated to appendices, or are covered 
by references in the bibliography, which is brief, 
but judiciously selected. The book is authoritative, 
readable and amply illustrated by diagrams, graphs, 
and well-chosen photographs. It will repay careful 
reading by the student of engineering or of building, 
and will serve as a handy reference manual for all 
engaged in the design or supervision of works in 
which the quality and economical use of concrete 





are important. 
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THE THIRD CONGRESS ON 
LARGE DAMS. 


(Continued from page 233.) 


‘TaE fourth of the ‘‘ questions ” discussed by the 
Third Congress on Large Dams, held in Stockholm 
from June 10 to 17—‘‘ Question 11 ”’ in the sequence 
from the First Congress—was that of ‘‘ Experiences 
arising from the Testing and the Actual Use of 
Special Cements for Large Dams.” The general 
reporter was Professor Bo Hellstrém, of the Royal 
Institute of Technology, whose report is sum- 
marised below. It dealt with 20 papers submitted 
by engineers from eight countries, namely, Czecho- 
slovakia, Finland, France, Great Britain, India, 
Norway, Sweden and the United States, and was 
divided under four headings. These were: the 
methods of testing cements for large dams; the 
general principles which should govern a standard 
specification of such cements ; experience in the use 
of special cements for dams; and various miscel- 
laneous subjects, such as the use of air-entraining 
agents, reactive aggregate, high-alkali cement, ex- 
panding cement, etc. In the summary which 
follows, the first two of these headings are combined, 
as only one paper (that of Mr, P. Hakanson) was 
presented under the second of them. 


MetHops or TEesTING CEMENTS FOR LARGE 
Dams. 


Dr. F, M. Lea (Great Britain), in a paper on 
‘“ Special Cements for Large Dams,” surveyed the 
requirements for cements for large dams in relation 
to their fineness, heat evolution, and resistance to 
leaching by pure or slightly acidic waters and the 
extensibility and creep characteristics of concrete. 
The results of comparative tests made in different 
countries on the fineness and heat evolution of 
cements were reported, and a good degree of repro- 
ducibility found to exist. An account was given of 
the new air permeability method for determining 
the specific surface of cements, which offer 
advantages over other methods for measuring fine- 
ness and has been adopted in Great Britain and the 
United States. A British Standard for low-heat 
Portland, cement was issued early in 1947 and its 
requirements were reviewed; and brief mention 
was made of the results of work carried out on Port- 
land blast-furnace and pozzolanic cements in relation 
to mass concrete construction. Mr. I. L. Tyler 
(United States) described “‘A Programme of 
Cement Research of Significance to Builders of 
Large Dams,” which constituted an exhaustive 
investigation of Portland cement involving 27 com- 
mercial cements covering wide ranges in composition. 
The primary purpose was to study the performance 
of concrete with respect to characteristics of the 
cements, By observation and study of the struc- 
tures and specimens over a period of years, the 
performance will be evaluated in terms of the 
measurable properties of the cements. Preliminary 
indications, Mr. Tyler stated, confirmed the gener- 
ally accepted ideas regarding the effects of cement 
content and water-cement ratio on resistance of 
concrete to weathering; it appeared that air 
entrainment would be one of the major factors. 
After six years exposure under severe conditions of 
weathering, the most vulnerable concretes (lean 
mixes and high water-cement ratios) showed marked 
deterioration, except for those made with air- 
entrainmg cements. Results of preceding investiga- 
tions on the resistance of concrete to sulphate- 
bearing soils were substantiated. Mr. M. Mary 
(France), in a study of ‘‘ The Influence of the Fine- 
ness of Cement on the Permeability of Concrete,” 
dealt with the results of tests concerning seepage of 
water through concrete, showing that, at first, tests 
of permeability carried out on various samples of 
as identical a texture as possible indicated consider- 
able differences ; to draw sound conclusions from 
4 series of tests, it was necessary to test a very great 
number of specimens, absolutely alike, and to draw 
statistical curves. When only the proportion of 
inert elements varied, the grouping of the data did 
not show a ‘sufficient differentiation to‘ prove that 
One aggregate was better than another with regard 
to permeability. On the other hand, highly charac- 
teristic test, series had shown distinctly that the 





most important influence on the permeability of 
concrete lay in the fineness of cements, It has been 
proved that water did not flow through cement 
paste; the overlapping and entanglement of 
crystals was sufficient to prevent seepage. The 
tiny seepage channels occurred at contact points of 
cement particles and inert particles; the finer the 
particles of cement, the narrower the channels, and 
the richer the mix, the less continuous were the 
channels. The imperviousness of the compact 
paste played only a secondary part in the water- 
tightness of structures, as leakage resulted rather 
from imperfections in the handling, placing and 
curing operations. Fine grinding made for easier 
handling and better utilisation of the material with 
regard to its resisting properties. 

A paper on “ Measurement of the Heat of Hydra- 
tion of Cements by Means of the Thermos-Flask 
Method,” by Mr. C. de Langavant (France) dealt 
with the calibration of the Dewar testing instru- 
ments used for the Thermos-flask method. The 
method described (using an electrically-heated cali- 
bration cylinder) was stated to be reliable and very 
simple. When used with an air-temperature control 
meter it offered means to determine the evolution 
of hydration heat when the cement was submitted 
to heating conditions arbitrarily chosen, and could 
be used also as a rapid check upon cements on 
delivery. ‘“‘ Détermination of the Granulometry of 
Cement,” by Mr. P. Lhopitallier and Mr. C. 
Momot (France), presented an examination of the 
Wagner turbidimeter and the Pearson and Sligh 
flourometer in an endeavour to establish a relation 
between their indications. Both devices gave a 
figure for the percentage (in weight) of grains below 
a given size, but, the authors observed, these figures 
were not always in agreement. A process had been 
found to count under the microscope with high 
accuracy, and to draw the granulometrical curves 
from 15. Several cements were tested which had 
been tested before with the turbidimeter and the 
flourometer, and the figures obtained were com- 
pared for grain sizes below, respectively, 30% and 
45. The results showed that the flourometer was 
always in agreement with the microscope, while the 
turbidimeter was not, for certain cements. 

The indications given by the Blaine permeabili- 
meter cannot be related to those of the other devices 
mentioned, and appear to lack physical reality. 
This apparatus may be used as a detector, but 
cannot take the place of either of the above devices 
as @ means to compare cements. It may be used, 
however, as befpre to find out whether statistics 
could not bring out a simple relation between the 
specific surface obtained with the permeabilimeter 
and any other interesting property of the cement. 
Professor O. Kallauner (Czechoslovakia), in a paper 
entitled, ‘‘ Methods of Testing Special Cements,” 
said that, before the last war, special cements were 
not used in Czechoslovakia for large dams; but 
proposals were now made to use Portland blast- 
furnace cement consisting of 50 per cent. Portland 
cement ¢linkers and 50 per cent. blast-furnace basic 
slag. 

General principles for a specification of special 
cements were discussed by Mr. P. Hakanson 
(Sweden), who gave a summary of the inquiry 
made in 1938 by the International Sub-Committee 
on Special Cements for Large Dams for the purpose 
of recommending certain general principles to be 
laid down in a specification for special cements. 
His report dealt with heat of hydration, strength, 
setting time, soundness, fineness, solubility, shrink- 
age and creep, composition of Portland cements, 
low-heat cements other than Portland, permeability 
and workability. It formed the conclusion of the 
work carried out by the International Sub-Com- 
mittee, which, in accordance with a decision taken at 
the executive meéting at Scheveningen on Septem- 
ber 3, 1947, changed its name to “ The International 
Sub-Committee on Concrete for Large Dams,” and, 
in future, would deal only with questions regarding 
concrete, including cements. 

Use or Sprcta, Cements in Larcr Dams. 

Mr. C, de Langavant (France) described the provi- 
sions made in France before the war to use slag 
cement as a construction material for several 
important dams, On account of difficulties brought 
on by the war,:it was necessary to modify this 


programme, and excellent results were obtained by 
using an artificial cement containing a very small 
quantity of aluminium and made according to the 
“double baking process.”” The quantities of this 
coment available, however, were too small for it to 
be used as a common construction material for all 
the dams planned. The attention of the French 
design services had been drawn to a new process of 
manufacturing cement on the field by wet-grinding 
the slag. With this process, while consuming the 
same amount of power as for grinding a normal slag 
cement, it was possible to obtain a cement in which 
the specific fineness was about doubled. This 
cement had the proper qualities of a normal slag 
cement, namely, durability and low heat of hydration, 
but, unlike ordinary slag cement, it possessed great 
workability because of its high degree of fineness 
and offered the possibility of making very strong 
and watertight concrete. The process would be 
applied for the construction of a large dam in the 
Massif Central. 

““Concrete in Large Dams, Past, Present and 
Future,” was discussed by Mr. Byram W. Steel 
(United States), who said that, since the formation 
of the International Commission on Large Dams in 
1928, and especially since the second meeting in 
1936, disintegration in concrete had modified the 
conception of concrete engineers relative to the 
importance of the various ingredients in concrete. 
A survey of the dams built in recent years had led 
to the conclusion that, in so far as the cement 
content was concerned, one of the most important 
features of dam design for future consideration was 
the elimination of volume change with its attendant 
cracking. This could best be accomplished by the 
reduction in cement content and the use of refrigera- 
tion in the manufacture of the concrete. The accel- 
erated rate of deterioration in concrete structures 
throughout the United States in the past 25 years 
required an exhaustive analysis of all the causes of 
deterioration rather than too many highly specialised 
investigations of one or two particular shortcomings. 
In the past, certain standardised tests were developed 
for the various ingredients of concrete and were used 
more or less blindly until the resulting product: had 
proved conclusively that the tests were inadequate. 
Reduction in volume change and the attendant 
cracks required that the cement and water contents 
per cubic yard should be reduced ; the sand grading 
and its uniformity should be improved ; and more 
care should be used in the selection of the aggregate 
to avoid all types of deterioration such as are now 
in evidence from reactive aggregate troubles, non- 
compatible thermal properties and the early 
deterioration due to argillaceous limestones and 
dolomites. Refrigeration of the mixing water 
and the use of ice in the mixture would play an 
important part in the control of the initial and 
final temperatures of concrete. 

Mr. Clarence Rawhouser (United States), in a 
paper on “‘ Temperature Control of Mass Concrete to 
Prevent Cracking,” said that cracking of mass 
concrete depended on the magnitude of temperature 
change, the coefficient of thermal expansion, the 
sustained modulus of elasticity, the degree of 
restraint, and the strength. Of these factors, 
temperature change was the most important. 
Improvement of temperature conditions usually is 
accomplished through one or a combination of the 
following measures : placing concrete at low initial 
temperature ; attempting to remove heat of hydra- 
tion as rapidly as it generated; removing excess 
heat during construction by artificial cooling ; 
preventing development of unfavourable tempera-, 
ture gradients in the structure; and producing 
temperature gradients which would oppose the 
development of tensile stress in regions where 
cracks normally started. Initial temperatures 
might be lowered by cooling the concrete materials 
and by substituting ice for part or all of the added 
mixing water. Excess heat might be removed by 
artificial cooling. The most effective means of 
cooling the concrete was with an embedded-pipe 
cooling system through which cold water was 
circulated. The cooling system was made up of 
embedded coils in parallel, served by supply and 
return. headers. The coils were 1 in. outside dia- 
meter thin-wall metal tubing about 800 ft. long, 





placed on the rock foundations and on the top of 
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each 5-ft. lift. Horizontal spacing was ustally 
between 2 ft. and 6 ft. The velocity of flow of 
the cooling water coils was not less than 2 ft. per 
second. Complete cost of actual installations 
varied from 0-13 to 0-55 dols. per cubic yard of 
concrete cooled. 

A paper on “‘ Experience in the Use of Low Heat 
Cement,” by Mr. F. de L. Venables (Australia) stated 
that the Metropolitan Water Sewerage and Drainage 
Board of Sydney commenced to use low-heat cement 
in 1935, with the object of gaining experience in the 
material, ultimately to make use of it in the con- 
struction of a very large dam on the Warragamba 
River. The material was used for reinforced and 
unreinforced concrete structures and for the com- 
pletion of Woronora Dam. In the original project 
for Woronora Dam, vertical contraction joints 
were provided at 90-ft. intervals. During the 
construction of the dam intermediate joints were 
provided. The dimensions of the dam were such 
that special apparatus for removing the heat of 
hydration was not required, but, after completion 
of the work, cracks appeared as downward exten- 
sions of the intermediate contraction joints. These 
cracks remained absolutely watertight. The leakage 
through the contraction joints was everywhere 
negligible. The cement used by the Board was 
supplied to a specification based, with slight modifi- 
cations, on that used for Boulder Dam. 

Mr. R. C. Hoon (India), describing “‘ The Use of 
Kanker Lime as Building Material for Major 
Engineering Works,” explained that kankar was a 
natural form of impure limestone, found in many 
parts of India, which, being mainly composed of 
calcium carbonate and i us constituents 
intimately mixed, was eminently suitable for burning 
to a type of lime ready for use as, or in, mortar. 
The hydraulicity of kankar lime was due to the 
presence in it of calcium silicate and aluminate 
compounds formed by the action of calcium oxide 
and earthy impurities during the burning of kankar. 
Kankar lime, he continued, was a form of special 
cement. The mortar hardened as a result of 
hydration and carbonation and, although the 
development of strength in the initial stages was 
comparatively poor, the ultimate strength com- 
pared favourably with ordinary cement mortars. 
The hydraulicity was augmented considerably by 
adding pozzolonic material such as powdered 
burnt brick. 

Two short papers were presented by Mr. A. 
Junttila (Finland) and Mr. C. F. Gréner (Norway), 
the first on ‘‘ The Use of Blast-Furnace Slag Cement 
for Large Concrete Dams,” and the second on 
“ Experience of the Use of Special Cement for Dams 
in Norway.” Mr. Junttila stated that an investi- 
gation had been started recently in Finland to 
study the possibility of using blast-furnace slag 
cement for large dams, and gave details of the 
requirements of the Finnish cement specifications ; 
tests had confirmed the opinion that the Al,0, quan 
tity had a remarkable influence on the quality of the 
slag cement. Mr. Gréner dealt with certain special 
céments used in Norway in dams built of reinforced 
concrete, but not in mass gravity dams. The reason 
for the use of spécial cements was nct to obtain a 
low heat of hydration, but to get a cement which 
would resist the attack of acid water better than 
Portland cement. Experience showed, he said, 
that there is no visible difference in the concrete 
made of special cement and the concrete made of 
Portland cement. 

An investigation of the standard- and LH-cements 
used in Sweden, as regards their tendency to crack 
formation in heavy concrete structures, carried out 
by the State Power Board, was described by Dr. B. 
Léfquist (Sweden) in a paper entitled “‘ Comparison 
Between a Low-Heat and a Standard Cement.” 
The investigation included the heat evolution and 
the adiabatic temperature rise, and its dependence 
upon the casting temperature, the course of the 
temperature and the proportions of the mix. 
Measurements were also made of the specific heat 
and diffusivity of concrete with different aggre- 
gates. The changes of volume during hardening of 
moisture-insulated concrete prisms were measured 
with a slow temperature sequence corresponding to 
the conditions in a vertical concrete slab, 2m. thick, 
and the ‘coefficient of expansion was found to be 





0 -000012 per deg. C. The coefficient of contraction 
was 0-000007 per deg. C. for concrete with standard 
cement, and 0-000006 per deg. C. for concrete with 
low-heat cement. Measurements were made of the 
elastic and plastic deformation and the extensibility 
under the same strain history as that encountered 
in a long concrete slab, 2 m. thick, cast vertically 
on rock. During the temperature rise, expansion 
was restrained and the concrete was subjected to a 
residual plastic compression, amounting to 80 per 
cent. of the total compression for concrete with 
standard cement and 90 per cent. for concrete with 
low-heat cement. Long-duration tests determined 
the relation between the elastic and plastic parts 
of the tension set up during the cooling period. 
By means of short-time tests, the magnitude of the 
elastic part of the tension at rupture was deter- 
mined, and from this the total extensibility under 
slow conditions of tension was ascertained. During 
the first few weeks, the extensibility was somewhat 
lower, but subsequently appeared to be somewhat 
higher with low-heat cement than with standard 
cement. Concrete with low-heat cement is subjected 
to less tension owing to the lower temperature rise, 
so that the risk of crack formation was less than 
with standard cement. The numerical difference 
was found to be about 30 per cent. Mr. N. Royen 
(Sweden) contributed a “‘ Report on Actual Obser- 
vations of Hydraulic Structures Built with Low- 
Heat Cement,” in which he summarised results 
obtained from investigations made of various 
hydraulic concrete structures. Data were tabulated 
relating to differences of construction, the years 
when the plants were completed, the brands and 
ingredients of the cement, and defects observed in 
the concrete. 


Atr-ENTRAINING AGENTS, ExPANDING CEMENT, Etc. 


Mr. R. F. Blanks and Mr. W. H. Price (United 
States) discussed the benefits of purposefully 
entraining air in concrete; the use of pozzolan 
for counteracting the expansive cracking of concrete 
resulting from a reaction between the alkalies in 
the cement and certain siliceous aggregates; the 
use of the vacuum process, adsorptive form lining, 
and perforated forms for the improvement of con- 
crete surfaces; and the advantages of concrete 
made by packing aggregates in the form to be filled 
and then filling the voids with a sand-cement grout. 
They stated that the entrainment of air in concrete 
improved the workability, reduced the water 
requirement, improved the durability and resistance 
to sulphate attack, and permitted the use of less 
cement where strength was not a consideration. 
The strength and abrasion resistance of air-entrained 
concrete was proportional to the ratio of the absolute 
volume of air plus water to cement in the concrete. 
Aggregates from many localities in the United 
States caused disruptive expansion when combined 
with cements high in sodium and potassium; this 
had occurred in dams on the lower Colorado River 
below Hoover Dam. It was found that a calcined 
reactive siliceous material, and other reactive 
pozzolanic materials, would counteract this expan- 
sion. In the construction of Davis Dam, 20 per 
cent. by weight of pozzolana in the cement would 
be employed to prevent expansion resulting from 
alkali-aggregate reaction. Strength tests on cores 
22 in. in diameter, drilled from test blocks containing 
various amounts of pozzolan, showed no gain in 
strength after two years for mass concrete in large 
dams. The strength and erosion resistance of 
concrete surfaces were materially improved through 
the use of the vacuum process, adsorptive form 
lining, and perforated forms. These methods were 
expensive and cost about 25 cents per square foot. 

The ‘‘ Prepakt ’’ method of concrete construction 
was employed in the repair of many dams. In this 
method, the aggregate was packed in the form, and 
the voids in the aggregate were grouted with a 
sand-cement grout; the method was particularly 
applicable to underwater construction, and was 
proposed for the construction of large concrete 
dams because of the advantages of lower heat 
generation and better control of artificial cooling. 

Expansive cracking in concrete dams caused by 
reactive aggregate and high-alkali cement, which was 
the subject of a paper by Mr. H. S. Meissner (United 
States) was found to be related to'the use of cement 


containing upwards of 1 per cent. or more of sodium 
and potassium oxides, together with aggregs‘es 
containing reactive constituents. Where reactive 
aggregates had to be used, or their presence wag 
suspected, cements of low-alkali content had been 
used, restricted to less than 0-60 per cent. sodi.m 
equivalent, but doubt had arisen whether a cem: nt 
with alkalies approaching this limit would entirely 
avoid latent reactive expansion. Consideration was 
being given, therefore, to the use of pozzolanic 
additions to concrete mixes, or the use of finisiied 
Portland pozzolan cements, since it had been found 
that such active siliceous materials effectively 
inhibited the deleterious expansion resulting from the 
reaction between cement and aggregate. Opal, avid 
volcanic rocks, silicate glasses, chalcedony, some 
phyllites and tridymites were among the rocks and 
minerals so far identified as reactive aggregate. The 
aggregate might be combined with a high-alkali 
cement and fabricated into mortar bars, stored in 
sealed containers at 100 deg. F. to determine 
whether or not the combination was expansive. 
Since this mortar-bar test required considerable 
time for results to be secured, efforts had been 
directed toward the development of a speedier 
chemical test. 

Mr. G. S. Lalin (Sweden), in a paper on “‘ Admix- 
tures for the Purpose of Improving the Workability 
of Concrete,” gave a brief account of experience 
gained with the use of admixtures to concrete— 
one powdered and one lathering admixture. The 
workability of the concrete, he stated, should be 
aimed at even, to some extent, at the cost of com- 
pressive strength. The influence of the admixtures 
on frost impregnability was also discussed. 

A paper on “‘ Expansive Cements ” was presented 
by Mr. H. Lossier (France), who said that, since 
1925, his practice had been to “‘ create an automatic 
expansion of concrete in all directions, then use its 
energy to stretch the reinforcing steels to act as 
screwjacks against either masonry structures or 
soils, or in any other way.” He described an 
expansive cement made of an artificial Portland 
(base), a sulpho-aluminous cement (giving expan- 
sion), and usually a slag, acting as a stabiliser of 
expansion through adsorption of hydrated calcium 
sulphate. Characteristics of these cements were a 
stabilised expansion which can be regulated both in 


intensity and duration, and might reach x with 


pure paste. The duration of expansion might be 
regulated between 24 hours and 30 days, but was 
usually between 10 and 15 days for pure paste. 
When stored in a dry atmosphere, after humidi- 
fying, expansive cement had a shrinkage com- 
parable to Portland cement. Its compressive 
strength first decreased, then exceeded that of the 
base cement. With equal ceiment content, the 
watertightness of expansive cement was higher than 
for Portland cement. Expansion was regulated by 
stopping the humidification ; swelling decreased, 
then ceased after a few days. In thick elements, 
holes must be left open in the mass to allow the 
penetration of water. The use of expansive cements 
was not yet allowed in France for work in seawater. 
It was necessary to determine experimentally the 
dynamical expansive curve for each concrete mix- 
ture, as the ratio of stresses and strains was not 
always constant while expansion was taking place. 


(To be continued.) 





STanDaRnD BEARING BusHES.—The Glacier Metal 
Company, Limited, Alperton, Wembley, Middlesex, have 
added 127 metric sizes to their range of butt-jointed 
steel bushes lined with lead bronze. These bushes were 
described in ENGINEERING, vol. 161, page 585 (1946). 
Two more English sizes—24-in. and 2}-in. bores—have 
also been added. 


ELEctrRIctry SUPPLY IN SCOTLAND.—The Secretary of 
State for Scotland (the Rt. Hon. A. Woodburn) has 
confirmed the North of Scotland Hydro-Electric Board’s 
Keith-Aberdeen Transmission Lines Scheme (Construc- 
tional Scheme No, 11). This scheme provides for the 
erection. of transmission lines between Keith and the 
Ferryhill generating station in Aberdeen, and will enable 
that city’s existing steam plant to be supplemented by 
water power. A supply of electricity is now being given 





also to the village of Bowmore on the island of Islay. 
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THE USE OF LOCOMOTIVES FOR 
EARNING REVENUE.* 


By Lr.-Cot. Harotp Rupcarp, O.B.E., 
M.I.Mech.E., M.I.Loco.E. 

[HE availability of the modern locomotive must be 
of the highest order and should not be less than 85 per 
cent.; it should preferably be something better than 
90. There is only a limited demand for large passenger 
and freight locomotives, the main reason being that, 
with the vast amount of traffic arising in small quan- 
tities in various areas, collecting it calls for small 
units to deal with small numbers of wagons which 
flow into the marshalling yards. There are also 
the hauling of light passenger trains on cross-country 
routes, short runs in the neighbourhood of large 
stations, and regular trains between cites and large 
towns, which call for small or medium-sized -loco- 
motives. In order to obtain the best usage of loco- 
motives, those of poor design, and therefore expensive 
in either maintenance or service, should be scrapped 
first; and, later, locomotives should be scrapped on 
account of age. Certain locomotives which have not 
been designed for common “‘ user” and which, owing to 
the necessity for such use, give a lot of trouble, should 
be redesigned ; if this is not ible they should be 
scrapped. The replacement of these locomotives by 
locomotives of the required tractive efforts—the values 
of which have been determined by scientifically “‘ dia- 
gramming” trains—is necessary, keeping the ‘loud 
pedal” off large locomotives. 

Design should develop on lines of simplicity which 
will give the greatest amount of availability, freedom 
from failure, and with such fittings as will help in 








reaching the goal of no preparation or ‘‘ disposal” by 
the train driver or fireman, so that these highly-paid 
specialists can be used to earn revenue for the maximum 
time they are on duty. The availability and weekly 
mileage of se! modern locomotives from each 
region are shown in Table I. The figures are the 
averages for 20 locomotives of each class. 
TaBLeE I. Mileage and Availability. 
Availabilit; i 
vi : e 
Region. | Type of Locomotive. Perauna’ | iosemedies 
per Week. 
A 4-6-0 Express Passenger. . 71-7 799 
B 4-6-2 Express Passenger. . 62-6 896 
( 4-6-2 Express Passenger. . 73-9 1,561 
D 2-6-2 Mixed Traffic 81-0 939 
F 4-6-2 Express Passenger 68-7 937 
G 4-6-0 Express Passenger. 75-4 1,172 














Recent returns from the Regions (given in detailed 
tabular form in the original paper) show that the 
average number of hot axleboxes per 100 engines was 
4-5 for the four weeks ended March 20,, 1948, for the 
steam ‘‘ operating” stock of British Railways. The 
figures for each region were from 2-1 to 9-6. For the 
four weeks ended June 12, 1948, the average number of 
hot big and little ends per 100 locomotives for the whole 
of British Railways was 1-6. The regional figures 
varied from 0-2 to 7-2 per 100 locomotives. The 
majority of the failures were, of course, of big ends, 
the totals being 275 big ends and 44 little ends for a 
steam “‘ operating ’’ stock of 20,004. In my opinion, the 
reasons for these heated boxes and big and little ends 
are: weakness in design for the class of work for 
which the locomotive was built; failure on the part 
of the staff at motive-power depots to carry out their 
work 100 per cent. ; and lack of efficient lubrication. 

Continuous performance is affected by the different 
types of water found in the length and breadth of 
England and Wales. Scotland has certainly given us 
a very good lead by the water which is available for use 
there. We are all aware of the trouble experienced 
due to dirty boilers, pitting of plates, wasting of rivets 
in flanges and wasting of roof-stay bolts. It may be 
that we have been content too long with the design 
of the lasomotive boiler, that with research a careful 
attempt to design a different type of boiler for the 
locomotive should now be made. 

A statement in tabular form shows the steam, Diesel 
and electric locomotive and rail-motor stock and un- 
availability from all causes for the week ending 
July 10, 1948. [The principal totals for British Rail- 
ways were as follows.] Total operating stock, 20,021 ; 
number in shops for repairs (with percentage of total 
in brackets), 922 (4-6 per cent.); number at sheds 
awaiting ‘‘ shopping,” 314 (1-6 per cent.) ; standing at 
sheds awaiting repair decision, 55 (0-3 per cent.); 
standing at sheds awaiting material, 370 (1-8 per cent.) ; 
stopped at sheds for 24 hours (midnight to midnight) 
under and awaiting repairs and examination, 1,182 
(5-9 per cent.) ; anttie a total of 2,843 (14-2 per cent.) 
not available for the 24 hours. There were, in addition, 





* Presidential address to the Institution of Locomo- 
tive Engineers, September 15, 1948, entitled ‘The Uses 
of Locomotives for Revenue Earning.” 


Abridged. 


829 (4-1 per cent.) available by 6 p.m. after shed atten- 
tion; thus, there were 16,349 (81-7 per cent.) available 
for the whole 24 hours. The maximum number in use 
on any one week-day (the total of the separate regions) 
was 15,742, which represents 96-3 per cent. of the 
number available for the whole 24 hours. 

The availability of the locomotive is improved by 
the fitting of a self-cleaning smokebox, a rocking grate, 
hopper ashpan, and mechanical and grease lubrication 
where practicable. Line-side coaling plants and quick- 
filling water columns can also give a greater availability 
of locomotives. The design of steam parts—valves, 
pistons and rings—and the design for ient lubrica- 
tion must be carefully followed, and the maintenance 
of these parts must be of a high standard as otherwise 
the effect on the coal bill is serious. The consumption 
of coal can be affected by weakness in design and bad 
maintenance; also by fixed dirt on the tubes and 
boiler plates. Speed of traffic working seriously affects 
coal consumption; examples of the amount of coal 
used in overcoming signal delays are shown in the 
accompanying diagram. This shows the extra coal 
used when a 425-ton train is checked by a signal; for 
example, when the speed is reduced from 60 m.p.h. to 
10 m.p.h., and then increased to 60 m.p.h., the extra 
coal consumed is 183 Ib. 

By using a properly-designed coal-weighing tender,* 
figures can be made available of increased coal consump- 
tion from improper firing methods, delays in running 
owing to signals, condition of valves and pistons, and 
the condition of the locomotive as a whole. 

It may be that, owing to the difficulty of obtaining 
the right quality and cost of the coal, we shall have 
to consider using feed pumps and water heaters for 
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(e402) Coal in Lb. “ENGINEERING” 
slow-moving locomotives, leaving the economies in 
coal consumption to be made by the exhaust injector 
on main-line and fast-moving locomotives. The 
intensive “‘ user’’ of the locomotive is more than ever 
necessary when we consider the cost of coal. The coal 
bill of the British Railways at the present time is in 
the neighbourhood of 36,000,000/. per annum. There 
is no doubt that the higher the quality of the coal the 
better the performance of the locomotive; high- 
quality coal is also the most economical in use. In the 
long experience of the railways with the locomotive 
boiler, the use of inferior coal has a recurrent 
problem, and a great deal is already known about it. 
It has often become an urgent necessity in the past 
under abnormal circumstances such as war and stop- 
pages of pits for various reasons. The locomotive 
boiler will burn a wide range of coals, but at an overall 
price which has been found in repeated tests to rise 
with the fall in quality. Considering the amount of 
coal used, one series of tests—typical of many—can 
be quoted. Approximately 20 grades of coal were 
used in successive dynamometer-car tests with mineral 
trains over a 128-mile stretch on the main line, using a 
modern eight-coupled locomotive. The two extremes 
were best Yorkshire coal with a calorific value of 
14,500 B.Th.U. per lb., and Leicestershire coal with a 
calorific value of 11,150 B.Th.U. per lb. The increase 
in quantity of coal used per unit of work done was 
47 per cent. with the latter quality, all operating 
conditions being kept constant. Not only was the 
reduced heat content in each pound of coal apparent, 
but the gradual accumulation of incombustible matter, 
such as ash and clinker on the grate, had a cumulative 
effect in reducing the efficiency of combustion. 
Facing the situation, however, that increasing 
quantities of inferior grade coals may have to be used, 
for reasons other than economic ones, the railways are 
meeting it by two modifications in design : the provision 
of larger grates so as to reduce the rate of combustion, 
and the provision of rocking grates and self-emptying 
ashpans in order to evacuate readily as much as 








* See ENGINEERING, vol. 164, page 129 (1947). 











possible of the incombustible matter which tends 
to choke the fire. Both these features have been 
incorporated in recent construction, but there are, of 
course, many thousands of smaller and older. loco- 
motives to which they cannot readily be applied, and 
these, if supplied with untreated ‘‘ smalls” and similar 
low-grade coals, will continue with lower efficiency. 

Overall coal consumption showing pounds per engine 
mile has to be considered carefully in connection with 
large locomotives, as the pounds of coal burned per 
mile by small locomotives working branch lines and 
slow passenger trains has a definite effect on the total 
coal consumption. Large locomotives should not be 
used regularly on light trains, but it is necessary that 
locomotives should always have a reserve of power when 
working trains. Streamlining does not help intensive 
“user” of locomotives. Whilst it may have been goed 
for publicity, it makes it more difficult for the loco- 
motive to be maintained, also there is considerably 
more wear on motion pins, etc. 


(To be continued). 





CONTRACTS. 


Messrs. LEYLAND Motors LIMITED, Leyland,” Lanca- 
shire, have received an order for 59 long-distarce Diesel 
road coaches, from Messrs. A. G. Pruden and Company, 
their agents in the Argentine, for delivery to seven coach 
operators, namely, Empresa General Urquiza, Empresa 
A.B.L.O., Empresa El Petizo, Central Casilda, Trans- 
portes Unidos, Central E] Rapido, and El Condor. The 
vehicles will be based on the firm’s LOPS 21 ft. 6 in. 
wheelbase export chassis and will seat 39 passengers. 
Bodies for 44 of the coaches will be built by MEssRs. 
H. V. BURLINGHAM, LIMITED, Blackpool, and for the 
remaining 15 vehicles by Messrs. DUPLE Moror Bopies, 
LIMITED. 


MESSRS. RANSOMES AND RAPIER LIMITED, Waterside 
Works, Ipswich, have received an order from the Govern- 
ment of Pakistan for water-control gates, operating gear 
and other equipment for the new barrage at Kotri on the 
River Indus. Kotri is about 200 miles downstream from 
Sukkur, the site of the famous Lloyd Barrage for which 
the firm supplied the gates and other equipment nearly 
20 years ago. The new order includes, for the barrage, 
31 Stoney sluice gates, each of 60 ft. span by 21 ft. deep ; 
two lock gates, the one of 60 ft. span by 25 ft. deep and 
the other of 50 ft. span by 35 ft. deep; and one lift 
bridge of 60 ft. span by 30 ft. wide. For the canals, 
22 roller gates, each of 24 ft. span by 10 ft. 6 in. deep, 
are to be supplied. 


MEssRs. EDWARD Woop AnD Sons, Derby, have 
received a contract for the construction of the “‘ Hump ” 
room and the main building block of the new up sidings 
at Toton marshalling yard, between Nottingham and 
Derby, on the London Midland Region of British Rail- 
ways. The hump room is a small brick building in 
which wagons will be routed to various lines in the 
sidings by means of electrically-controlled points. 
Messrs. JOSHUA HENSHAW AND Sons, Liverpool, are to 
construct the control tower of three storeys. The second 
and third storeys will house electrical relay equipment 
and the up sidings control room, and the ground floor 
will contain electrical signalling and point-setting equip- 
ment and an electrical substation. 


THE SPERRY GYROSCOPE COMPANY, LIMITED, have 
received numerous orders for their gyro compasses, gyro 
pilots and control gear from Norway, Portugal and else- 
where. Thus, the 13,000-ton Norwegian tanker, Nina 
Borthen, under construction for Messrs. Harry Borthen 
and Company, Oslo, by Messrs. Burmeister and Wain, is 
to carry an all-electric steering gyro pilot and other 
apparatus. Sperry equipment is also to be installed in 
the Wilhelmsen Line new 9,000-ton cargo motorship 
Tomar, in the 8,000-ton vessel Vikdal which Hall, Russell 
and Company, Limited, are building for Rasmussen and 
Company and in a new whaling factory ship now being 
built for Anders Jahre by the Furness Shipbuilding 
Company, Limited. Sperry equipment is also to be 
fitted an board the 12,700-ton liner Argola which R. and 
W. Hawthorn, Leslie and Company, Limited, are build- 
ing for the Companhia Nacional de Navegac&o, Lisbon, 
and two other Portuguese ships, the 5,500-ton Arraiolos 
and the 4,400-ton Braga. 





. ILLUMINATION EXHIBITION AT THE SCIENCE MUSEUM.— 
The “ Darkness into Daylight ’’ Exhibition at the Seience 
Museum, South Kensington, London, S.W.7, closed on 
October 6. It has been visited by 500,000 people since 
it opened on April 29. Many of the exhibits were contri- 
buted by the Electric Lamp Manufacturers’ Association, 
the chairman of which, Mr. W. H. Williams, formally 
handed them over to the Director of the Museum on 
October 7, for incorporation in the permanent Museum 
collection on illumination. This is being remodelled 
and it is hoped that the new illumination section will be 
opened to the public early in the New Year. 
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COMMERCIAL MOTOR TRANSPORT 
EXHIBITION AT EARLS COURT. 


Tue International Commercial Motor Transport 
Exhibition opened at Earls Court, London, on Friday 
last, October 1, and will remain open until to-morrow 
evening, October 9. This is the first exhibition of its 
kind to be held in this country since the recent war, and 
is the fourteenth of a biennial series that began in 
1907. In terms of space occupied and the number 
of exhibitors, this year’s show is the largest of the 
series to be held so far. In the vehicle section alone 
there are some 47 exhibitors, displaying between 
them approximately 450 different types of vehicle, 
ranging from vans having a capacity of 5 cwt. to large 
trailers capable of carrying loads of over 30 tons. 
The exhibits in the vehicle section, however, are by 
no means confined to load carriers, many examples 
of public-service vehicles, trolley ’buses and coaches 
being on view, and the coachwork of them being of a 
high order. Other sections of the exhibition are con- 
cerned with accessories and components, maintenance 
and repair materials, garage equipment, etc. In all, 
the exhibition comprises about 430 stands covering 
250,000 sq. ft. of floor space. 

With the present emphasis on export and the world- 
wide demand for transport vehicles of all types, the 
manufacturers could hardly have been blamed had 
they continued to produce those types in existence 
at the conclusion of hostilities. This has not proved 
to be the case, however, and it is fair to state that 
nearly all the vehicles exhibited are of * yatwend design, 
a creditable achievement in view of existing diffi- 
culties. A large proportion of the vehicles have been 
designed specifically for overseas markets and are, 
therefore, somewhat unfamiliar both with regard to 
dimensions and appearance ; generally speaking, how- 
ever, there appears to be but little departure from 
traditional ideas. The majority of the heavy vehicles 
are fitted with compression-ignition oil engines of the 
four-stroke solid-injection type, but one manufacturer 
is exhibiting for the first time a six-cylinder two-cycle 
engine of this type. In the main, the engines are 
fitted in the usual position at the forward end of the 
chassis, but some vehicles are being shown fitted with 
under-floor engines, while other exhibitors are showing 
engines designed for under-floor mounting. 

Most of the vehicles are either of the load-carrying 
or passenger types, but some industrial tractors are 
being exhibited. One of these, the Taskmaster, is 
illustrated in Fig. 2, on this page. It has been developed 
for general industrial purposes by Messrs. David Brown 
Tractors Limited, Meltham, near Huddersfield, and is 
being exhibited on their stand. It is a medium-duty 
tractor designed primarily for short-haul work, having 
@ maximum speed in the neighbourhood of 22 miles 
an hour. Two independent braking systems are pro- 
vided and the tractor is fitted with an electric-lighting 
system and a speedometer, thereby bringing it within 
the requirements of the Road Traffic Act. The motive 
unit is a four-cylinder overhead-valve petrol engine 
having a bore and stroke of 3} in. and 4 in., respec- 
tively, and developing 39 brake horse-power at 2,200 
r.p.m., which is the maximum governed speed. The 
cylinders are fitted with renewable wet-type liners and 
the engine air-intake is provided with both centrifugal 
and oil-bath air cleaners. The drive from the engine is 
transmitted to a four-speed gearbox thyough a single 
dry-plate clutch, the speeds in the various gears at the 
maximum governed speed of the engine being: 4-07 
miles an hour in first gear; 5-94 miles an hour in 
second ; 8-79 miles an hour in third ; and 21-64 miles 
an hour in top gear. The maximum drawbar pulls are : 
3,500 Ib. in rst gear; 2,700 lb. in second ; 1,750 Ib. 
in third ; and 800 lb. in ja sen 

The wheels are fitted with Girling internal-expanding 
brakes having a diameter of 16 in., while the half shafts 
of the rear axle have internal-expanding brakes with 
a diameter of 84in. The front wheels are fitted with 
5-50 in.-16 in. tyres and the rear wheels with 9-00 in.- 
20 in. tyres, the latter being of the dual-purpose type. 
The tractor has an overall length of 9 ft., a width of 
5 ft. 7} in., and a height of 4 ft. 54 in., while the weight 
is 4,368 lb. The wheelbase is approximately 6 ft. and 
the ground clearance 8} in.; the radius of the turning 
circle is 10 ft. A six-position drawbar hitch is fitted to 
the rear of the tractor which provides minimum and 
maximum heights above the ground of 12 in. and 26 in., 
respectively. A belt-pulley power take-off can be 
fitted to the back of the tractor, which rotates at 
1,130 r.p.m. with an engine speed of 1,300 r.p.m. Other 
extra equipment available with the tractor includes 
trailer brake mechanisms, either vacuum or manually 
operated, a coach-built cab for enclosing the driving 
position, and a power-driven winch. 

Several models of eight-wheeled rigid-type vehicles 
are being shown, one of which is illustrated in Fig. 1, on 
this page. It is manufactured by Messrs. E.R.F., 
Limited, Sun Works, Sandbach, Cheshire, and is desig- 
nated Model 6.8, being one of this firm’s standard- 
production vehicles. It is fitted with a Gardner six- 
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cylinder direct-injection oil engine having a bore and 
stroke of 4} in. and 6 in., respectively, and developing 
103 brake horse-power at 1,700 r.p.m. It is an over- 
head-valve unit, the valves beiug fitted to detachable 
cylinder heads and operated through push rods and 
rocking levers in the usual manner. All bearings 
within the engine are fed with oil under pressure, oil 
strainers being fitted to both suction and delivery 
sides of the pump. The engine, clutch housing and 
gearbox form a single unit, the drive being transmitted 
to the gearbox through a single-plate clutch having a 
diameter of 16 in. The gearbox is of robust construc- 
tion and provides five forward speeds and reverse, 
the maximum speeds in the various gears being: 
30-5 miles an hour in top gear; 19-5 miles an hour in 
fourth ; 11-10 miles an hour in third; 6-52 miles an 
hour in second ; and 3-85 miles an hour in first gear. 
Both rear axles are of the fully-floating type, with 
overhead-worm drive giving a ratio of 6-25 to 1-0. 
Both axles, of course, are provided with a differential 
and, in addition, a further differential is fitted in the 
drive between the two axles. The bogie is connected 
to the chassis through semi-elliptical leaf springs ; 
two springs are fitted at each side, the axles being 
connected together by a rocking beam. Each front- 
axle bed comprises an I-section drop forging fitted with 
nickel-steel swivel arms. The steering gear is of the 
worm and sector type, a tubular connecting rod 
linking both drop-arms and drag-links to steer the two 
front axles. Hydraulic brakes are fitted to six wheels, 
brake ae being assisted by a hydraulic pump 
driven from the gearbox main shaft. 

Messrs. A.E.C., Limited, of Southall, Middlesex, are 
exhibiting, for the first time, six of their new range of 
Mark III models. This includes the Regent double- 
deck and the Regal single-deck omnibus chassis, the 
Mammoth Major eight-wheel freighter, and the Matador 
four-wheel goods chassis. Two versions of the Matador 
are being exhibited, a left-hand control chassis having 
a wheel-base of 14 ft. 7 in., intended for use as a load 





carrier with a trailer, and a right-hand control chassis 








Erent-WHEEL Loap Carrier; Messrs. E.R.F. Loren. 


«“‘TaSKMASTER”’ INDUSTRIAL TRACTOR ; Messrs. Davip Brown Tractors LIMITED. 


having a wheelbase of 9 ft. 6 in., which has beer 
designed as the power unit of a tractor semi-trailer 
combination. The latter chassis is illustrated in Fig. 3, 


opposite, from which it will be seen that it is of 


sturdy but straightforward construction. It is fitted 
with a 9-6-litre direct-injection six-cylinder oil engine 
developirg 125 brake horse-power at 1,800 r.p.m. In 
accordance with this firm’s usual practice, the cylinder 
block is a one-piece casting secured to the upper face of 
the crankcase by the main-bearing bolts which are 
extended upwards for this purpose, the cylinder bores 
being provided with cast-iron dry-type liners. The 
cylinder heads are cast in two parts, each of which 
covers three cylinders, and they are fitted with overhead 
valves operated in the usual manner by push-rods and 
rocking levers. The pistons are of aluminium alloy, 
torsoidal combustion chambers being formed within 
the piston crowns. All bearings of the engine are 
lubricated under pressure, and the pistons, gudgeon 
pins and timing gears are splash-lubricated.. The fuel- 
injection pump can be either of C.A.V. or Simms 
manufacture, but in both cases a flywheel is incor- 
porated in the drive coupling in order to assist in 
damping the impulses set up in the pump. 

The clutch is of the single-plate dry type, friction 
linings being riveted to each side of the driven plate. 
This plate is fitted with a broached centre which 
engages a splined hub keyed to an extension of the 
gearbox primary shaft. A clutch brake is fitted and 
this operates on a drum keyed to the gearbox layshaft. 
The gearbox forms a single unit with the engine, the 
complete oneniy being supported by a pressed-steel 
banjo member bolted to the chassis frame. Hardened 
and ground nickel-chrome spur gears are used in the 
gearbox, which provides five forward speeds and one 
reverse ; first and reverse speeds are of the sliding- 
mesh type, the remaining speeds being in constant 
mesh. An oil pump, driven from the second-speed 
layshaft gearwheel, supplies oi] under pressure to the 
bushes of the constant-mesh wheels through holes 
drilled in the main shaft. Provision is made for fitting: 





he ee en ee a a 


= rn | 


- 
+ --{ 


af mae SO mt oo @ OO ae Se 





Oct. 8, 1948. 


ENGINEERING. 


345 








COMMERCIAL MOTOR TRANSPORT EXHIBITION. 





Fig. 3. 


a power take-off for driving pumps, winches, etc. ; it is 
capable of transmitting the full torque of the engine 
at a speed of 600 r.p.m. 

The rear axle provides a final reduction of 7 to 1 
by a double-reduction gear unit, in which primary 
reduction is through a spiral-bevel assembly and 
secondary reduction by a double-helical pinion and 
wheel. Nickel-chrome-molybdenum steel half shafts 
of the fully-floating type transmit the drive to the 
road wheels, the final drive assembly being housed in 
a drop-forged casing which also acts as the load- 
carrying member. The front-axle beam is an alloy- 
steel forging fitted with high-tensile steel swivel arms. 
The latter are provided with phosphor-bronze bushes, 
the thrust being taken by taper-roller bearings which 
work in conjunction with self-aligning spherical seats. 
Worm and nut steering gear is fitted, a feature of the 
design being the employment of a resiliently mounted 
bearing at the top of the steering column so as to 
absorb shock and allow for displacement of the shaft 
caused by the nut passing through an arc. The usual 
form of suspension employing leaf springs is fitted, 
the front and rear springs being 4 ft. and 4 ft. 6 in. 
long, respectively. The frame side members are of 
} in. thick channel-section steel, the maximum depth 
of which is 93 in. and the width of flange 3 in. The 
engine front and rear cross-members are secured to the 
frame side members by fitted bolts, the remaining 
cross-members being secured by rivets. The front 
cross-member is a steel I-section stamping. 

Messrs. Dennis Brothers Limited, Guildford, Surrey, 
are exhibiting five new models and two standard 
models. One of the latter, the Pax goods chassis, is 
illustrated in Fig. 4, on page 348. This chassis is 
built to carry loads up to 5 tons and is fitted with a 
side-valve petrol engine having a bore and stroke of 
100 mm. and 120 mm., respectively, and developing 
70 brake horse-power at 3,000 r.p.m. The engine is 
of conventional design, the lubrication system being 
atranged to supply oil under pressure to all main 
bearings. Coil ignition is employed, but a magneto can 
be fitted if required. The drive from the engine is 
transmitted to the gearbox through a single-plate 
fabric-lined clutch designed to run in oil, the take-up 
of the drive, therefore, being exceptionally smooth. 
The gearbox is of unit construction, being secured 
to the engine by the clutch bell housing ; it provides 
four forward speeds and reverse, and provision 
is made for fitting a power take-off or tyre-pump 
dtive. The drive is transmitted to the rear axle 





* Matapor’’ Mark III Tracror; Messrs. A.E.C. Lonrep. 


through a two-piece open propeller shaft, the universal 
joints of which are fitted with needle-roller bearings. 
The weight-carrying portion of the rear axle comprises 
a steel centre casing of vertical-banjo type into which 
tubular extensions are pressed and welded to the 
casing. The final drive is through a spiral-bevel pinion 
and crown wheel, the standard ratio of which is 7 to 1. 
The axle is of the fully-floating pattern, the half shafts 
being arranged so that they can be withdrawn without 
interfering with the road-wheel bearings. The frame is 
built up from channel-section side members 8 in. in 
depth. The axles are held to the frame through semi- 
elliptical leaf springs, those for the front axle being 
41 in. long, while those at the rear are 54 in. in length. 
The braks are of the hydraulic two leading-shoe 
type, the shoes being actuated by wedge and roller 
mechanisms. The operating cylinders are situated 
outside the drums, thereby ensuring efficient cooling. 
The Pax can be supplied in both normal-control and 
forward-control versions. Furthermore, three different 
wheelbases are available for both versions, namely, 
9 ft. 6in., 11 ft. 6in. and 12 ft. 10 in. 

Messrs. Dennis Brothers Limited, are also showing 
their new F2 fire engine. This is illustrated in Fig. 6, 
on page 348, but it should be pointed out that the 
engine shown in this illustration is not that actually 
exhibited. This vehicle is of particular interest as it is 
fitted with the new Rolls-Royce straight-eight cylinder 
petrol engine. This engine has a bore and stroke of 
3} in. and 44 in., respectively ; it employs overhead 
inlet and side exhaust valves and develops 150 brake 
horse-power at 3,000 r.p.m. Both crankshaft and 
connecting rods are machined all over, the former 
being counterbalanced and provided with a torsional- 
vibration damper. The bearings are of the copper-lead 
type faced with indium, while the pistons, which are of 
light alloy, are tin-plated and work in chromium-plated 
bores. The cylinder head is a light-alloy casting and is 
fitted with nickel-chrome-molybdenum  valve-seat 
inserts. Forced-feed lubrication is employed, the oil 
being drawn from the sump by a submerged pump, 
a floating filter being fitted to the suction side of the 
pump. Ignition is by coil, and the distributor unit 
incorporates an electrically-operated maximum-speed 
governor. 

The fire pump is of the two-stage type arranged to 
work back-to-back so as to balance the thrusts. With 
the exception of the main shaft, it is of gunmetal con- 
struction throughout, but in order to reduce corrosion 
to a minimum, the shaft is shrouded in gunmetal. 





The pump can be fitted to the centre or rear of the 
chassis, the fire engine illustrated in Fig. 6 having the 

mounted in the centre position. The delivery 
of the pump varies according to its position in the 
chassis, there being a tendency for the delivery of the 
centrally-mounted pump to be slightly lower owing to 
losses in the suction bends; the rear-mounted pump, 
for example, delivers 1,000 gallons per minute at a 
pressure of 50 lb. per square inch, whereas the centrally- 
mounted pump delivers 900 gallons per minute at the 
same pressure. Naturally, the delivery falls as the 
pressure increases, the delivery for the centrally- 
mounted pump being 670 gallons per minute at a 
pressure of 120 lb. per square inch, while that for the 
rear mounted pump at the same pressure is 710 gallons 
per minute. At the extreme pressures, however, the 
deliveries equalise, and at 200 lb. per square inch the 
delivery from both pumps is 400 gallons per minute. 
A twin-cylinder priming pump is fitted, the air being 
extracted from the main pump and suction hose by a 
double-acting piston, the valves being equalin diameter 
to the cylinder. The engine-cooling circuit employs a 
heat exchanger which is connected to the main pump. 
Water from the pump is conveyed to the exchanger 
and returns to the pump, while the engine-cooling 
water circulates round the engine only, the temperature 
of the engine bce | controlled by a thermostat. This 
system allows anti-freeze liquid to be used in the engine- 
cooling system at all times. 

As previously mentioned, some of the vehicles being 
exhibited are fitted with under-floor engines. A good 
example of such a vehicle is furnished by the Sentinel 
7/8-ton load carrier the chassis for which is illustrated in 
Fig. 5, on page 348; this is being shown on the stand 
of the manufacturers, Messrs. Sentinel (Shrewsbury), 
Limited, Shrewsbury. As will be seen from the illus- 
tration, the engine, in this case, is mounted in a hori- 
zontal position under the chassis frame, an arrangement 
which excludes noise, heat and fumes from the cab, 
but at the same time gives full forward control and 
its attendant advantages. The engine is a four- 
cylinder horizontal compression-ignition unit having a 
bore and stroke of 4} in. and 5} in., respectively, and 
developing 90 brake horse-power at 2,000 r.p.m. The 
valves are fitted in the cylinder heads, the combustion 
system being the Ricardo Comet, Mark III. Twin- 
cylinder heads are fitted, each covering two cylinder 
bores, and the valves are operated through short push 
rods and rocking levers as usual. The crank-case 
and cylinder block are in the form of a single iron 
casting, the cylinder bores being fitted with cast- 
iron liners. The crankshaft is supported by five main 
bearings ; these are of the lead-bronze steel-strip type 
and the bearing caps are located by dowels. The big-end 
bearings are of the same type, a noteworthy feature of 
ea bearings being the provision of four clamping 
bolts. 

The gearbox forms a single unit with the engine, = 
drive being transmitted to it by a single dry-p 
clutch 14 in. in diameter. The gearbox is of straight- 
forward design, but all shafts are supported either 
by ball or roller bearings. It provides four forward 
speeds and reverse, the ratio in bottom gear being 
6-09 to 1, while top gear is direct drive. The rear 
axle is of the fully-floating type, the axle casing 
being formed in one piece. Final drive is by an over- 
head worm and worm wheel, the ratio of which is 
6-75 to 1-0. Alternatively, a 7-25 to 1-0 ratio worm 
and worm wheel can be fitted, while overseas vehicles 
are provided with a ratio of 8-25 to 1. The frame is 
built up from alloy-steel channel-section side and cross- 
members, an interesting feature being the use of high- 
tensile steel bolts throughout. Semi-elliptical springs 
are fitted to both front and rear axles, the front springs 
having 48 in. centres and the rear springs 54 in. centres. 
Lockheed hydraulic brakes are fitted to all four wheels, 
the application being servo assisted. 

Messrs. Commer Cars, Limited, Luton, Bedfordshire, 
also are exhibiting a range of vehicles fitted with 
underfloor engines. One of these, a 64 to 7-ton 6 cubic- 
yard hydraulic tipper, is illustrated in Fig. 7, on page 
348. The main features of the chassis for this vehicle, 
however, were described in ENGINEERING, vol. 165, 
page 320 (1948); it is necessary, therefore, only to 
give brief details here. The engine is a six-cylinder 
overhead-valve unit developing 109 brake horse-power 
at 3,000 r.p.m. and a maximum torque of 230 lb.-ft. at 
1,200 r.pm. The cylinder block and crankcase form 
a single casting, but to enable the engine to be fitted 
between the chassis side members and below the 
driver’s seat, the axes of the cylinders are set at 66 deg. 
with the vertical. A single dry-plate clutch is fitted, 
and the gearbox is arranged to give four forward speeds 
and reverse, constant-mesh helical gearwheels being 
provided for third and fourth speeds. The final drive 
is by open-type propeller shafts to a spiral-begel unit 
supported in a cast-steel casing. The frame is a con- 
ventional structure, but it is wider at the front than 
elsewhere so as to accommodate the engine. 

The tipping gear is a Telehoist unit, which com- 
prises a double telescopic ram assembly and combined 
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oil reservoir, the base incorporating the lowering and 
return valves. This unit is supported by trunnion 
bearings from an angle-section cross-member,, the 
chassis being reinforced at the points of attachment. 
The upper end of the inner ram terminates in a cross- 
head which is suitably connected to the longitudinal 
members of the body. Oil is delivered to the ram 
assembly, from a combined pump and power take off 
on the gearbox, through steel pipes incorporating 
flexible armoured connections. The controls are housed 
in the driver’s cab, and these are arranged so that the 
body can be held at any intermediate position. When 
the rams are extended to the maximum, the oil is 
by-passed to the return tank, thereby obviating the 
need for pressure-relief valves. 


(To be continued.) 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ Horta.”—Single-screw cargo vessel, carrying 
12 passengers, built by the Blyth Dry Docks and Ship- 
building Company, Limited, Blyth, Northumberland, 
for the Companhia de Navegag&o “‘ Carregadores Acor- 
eanos,” Lisbon. Main dimensions: 321 ft. 6 in. (between 
perpendiculars) by 47 ft. 7 in. by 27 ft. 6in. ; deadweight 
capacity, 3,700 tons on a draught of 19 ft. Five- 
cylinder Doxford engine, of 3,400 b.h.p., supplied by the 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Estimated speed, 15 knots. 
Launch, August 20. 

M.S. “Kone Dac.”—Single-screw cargo vessel, 
carrying 12 passengers, built by Messrs. George Brown 
and Company (Marine), Limited, Greenock, for Messrs. 
Det Sondenfjelds Norske, Oslo, Norway. Main dimen- 
sions: 245 ft. (between perpendiculars) by 40 ft. by 24 ft. 
3 in. to shelter deck; gross tonnage, about 1,400. 
** Nohab ” Diesel engine of 1,400 b.h.p. installed by the 
builders. Launch, September 2. 

M.S. “ Jaura.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for the A/S Bulls Tankrederi, Sandefjord, Norway. 
Main dimensions : 487 ft. 6 in. by 59 ft. by 34 ft. 10 in.; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in. Six-cylinder single-acting four-stroke Har- 
jand-B. and W. Diesel engine. Trial trip, September 16. 


8.S. “‘ TaurI.”—Single-screw cargo vessel, built and 
engined by Messrs. William Gray and Company. Limited, 
West Hartlepool, for the Rederi A/B Iris, Stockholm. 
Main dimensions: 310 ft. (between perpendiculars) by 
46 ft..10 in. by 27 ft. 104 in. to shelter deck ; deadweight 
capacity, 3,400 tons on a draught of 19 ft. Triple- 
expansion engines, with two oil-fired boilers, developing 
a@ service speed of 12 knots. Launch, September 20. 

8.S. “LorpD WILLOUGHBY.”—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, Yorkshire, for the Lord Line, 
Limited, Hull. Main dimensions: 175 ft. (between 
perpendiculars) by 30 ft. 6in. by 16 ft. Triple-expansion 
engines constructed by Messrs. Amos and Smith, Limited, 
Hull. Launch, September 20. 

M.S. “ CAMBRIA.” —Twin-screw cross-channel passenger 
vessel, built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the Holyhead-Dun Laoghaire 
service of British Railways. Main dimensions: 397 ft. 
by 54 ft. by 19 ft. 6 in. to main deck; gross tonnage, 
about 5,200. Two eight-cylinder trunk-type two-stroke 
single-acting Harland-B. and W. Diesel engines, develop- 
ing a speed of 21 knots. Launch, September 21. 

8.8. “‘ BELEVELYN.”—Single-screw cargo vessel, built 
and engined by Messrs. John Readhead and Sons, Limited, 
South Shields, to the order of the Belships Company, 
Limited, Oslo. Main dimensions: 370 ft. (between 
perpendiculars) by 60 ft. by 37 ft. 6 in. to upper deck ; 
deadweight capacity, about 8,000 tons on a draught of 
24 ft. Fredriksstad steam engine of 3,160 i.h.p. built 
under licence, with two Foster Wheeler water-tube 
boilers constructed by Messrs. Richardsons, Westgarth 
and Company, Limited, West Hartlepool. Speed, 13 
knots. Trial trip, September 23. 

8.S. “‘ MonGoLia.”—Single-screw cargo vessel, built 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, for the Rederi A/B Arild (J. A. Thore), 
Arild, Sweden. Main dimensions: 336 ft. by 47 ft. by 
27 ft. 104 in. to shelter deck; deadweight capacity, 
3,420 tons on a loaded draught of 19 ft. Triple-expansion 
engines of 1,900 i.h.p. constructed by Messrs. George 
Clark (1938), Limited, Sunderland, with two oil-burning 
multitubular boilers. Service speed over 12 knots. 
Trial trip, September 24. 


M.S. “ Port AUCKLAND.”—Twin-screw cargo vessel, 
built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for the 
Port Line, Limited, London. Main dimensions: 525 ft. 
by 70 ft. by 43 ft. to upper deck ; deadweight capacity, 
11,500 tons. Two six-cylinder Hawthorn-Doxford engines, 
of 13,200 b.h.p. aggregate. Service speed, 17 knots. 
Launch, October 4. 
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PERSONAL. 


Str A. MURRAY STEPHEN, M.C., was elected chairman, 
and Mr. H. B. ROBIN ROWELL, C.B.E., vice-chairman, 
of the Council of the British Shipbuilding Research 
Association for the ensuing year at the annual gencral 
meeting held in Edinburgh on September 30. The 
retiring chairman and vice-chairman were, respectively, 
Sm G. TRISTRAM EDWARDS and Sir A. MURRAY STEPHEN, 


MARSHAL OF THE ROYAL AIR ForCcE, LORD DovuG Las 
OF KIRTLESIDE, G.C.B., M.C., D.F.C., has been appointed 
a member of the board of British Overseas Airways 
Corporation in place of LorD ROTHSCHILD, G.M., who 
has resigned on appointment as chairman of the Agri- 
cultural Research Council. 


LoRD SIMON OF WYTHENSHAWE has been elected 
President of the National Smoke Abatement Society, 
Chandos House, Buckingham Gate, London, 8S.W.1. 


Mr. N. A. GuTTEerY, C.B., has been appointed Deputy 
Secretary in the Ministry of Transport in succession to 
Mr. W. G. WESTON, C.M.G., who resigned recently. 


Mr. A. Evus, J.P., chairman and managing director 
of Messrs. Peglers Limited, Belmont Works, Doncaster, 
is retiring from his -position as managing director on 
October 12, but retains that of chairman. He has been 
associated with the brass industry in Doncaster for 
51 years and joined Messrs. Peglers in 1904. Mr. A. E. 
EMBERTON, J.P., who has been with the company for 
39 years and was appointed assistant managing director 
in June, 1947, is succeeding Mr. Ellis as managing 
director. 


Mr. J. B. Coox, B.Sc. (Eng.) (Lond.), A.M.I.C.E., a 
senior assistant (technical) in the Chief Engineer’s Depart- 
ment, London County Council, is retiring under the 
age limit on October 21. He entered the service of the 
Council in 1912. 


Masor J. Vivian Houtman, A.F.R.Ae.S., M.I.Ae.S., 
has been appointed acting managing director of Philco 
(Overseas), Limited. To free himself for his new duties, 
he has resigned his managing directorships of Philco 
Radio and Television Corporation of Great Britain, 
Limited, and Airmec International Sales, Limited, and 
his directorship of Airmec Laboratories, Limited. He 
retains his seat on the board of Radio and Television 
Trust, Limited. 


Mr. K. B. Rosrnson, of the steam-turbine department 
of English Electric Company, Limited, Rugby, has been 
appointed efficiency and testing engineer, British Elec- 
tricity Authority, Yorkshire Division, St. Mary’s-road, 
Leeds, 7. 


COLONEL NORMAN BERRY, O.B.E., B.Sc. (Bristol), 
A.M.I.Mech.E., has resigned from the Royal Electrical 
and Mechanical Engineers to join Prior Stokers, Limited. 
He will be concerned with the technical development of 
the business. 


Mr. M. F. Coop, B.A., has been appointed secretary 
to the Dunlop Rubber Company, Limited, in succession 
te Str CHARLES TENNYSON, C.M.G., who has retired. 


Messrs. E. H. JONES (MACHINE TOOLS), LIMITED, 
Edgware-road, The Hyde, London, N.W.9, announce 
with regret that they have had to close down theif 
Halifax factory. 


Messrs. HENRY W. PEABODY AND COMPANY OF 
LONDON, LIMITED, 16, Eastcheap, E.C.3, have formed @ 
wholly-owned subsidiary company, Messrs. HENRY W. 
PEABODY (INDUSTRIAL) LIMITED, which took over, 48 
from October 1, the functions of their chemical depart- 
ment and Ransburg electrostatic paint-processes divi- 
sion. The directors of the new company are Mr. R. A. G. 
TILNEY, D.S.O., T.D., D.L., Mr. C. H. BENMORE, MR. 
N. F. TINGLE and Mr. A. F. ROBERTSON, and the address, 
17, Great Suffelk-street, S.E.1. (Telephone : WATerloo 
7168.) 


Messrs. IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
have been appointed to act as sole selling agents, in the 
United Kingdom, for furfural produced in the United 
States by the Quaker Oats Company of Chicago. 





SHEET-CUTTING DEVICE FoR Hacksaws.—A simple 
attachment for enabling a hacksaw to be used for cutting 
large sheets of metal, Perspex, fibre board, etc., is supplied 
by Sarjent’s Tool Stores, 43 and 44, West-street, Reading. 

‘It consists of a piece of steel about 20 s.w.g. thick and 
4in. by 2in., with a tang at one end to fit into the hole in 
the hacksaw frame which is normally occupied by the 
wing-nut screw, and a socket at the other end to 
take the screw. Thus, in use, the hacksaw frame 
remains wholly above the plate, the blade passes through 
the plate at an angle, and the end of the blade remote 
from the saw handle is held by the screw, which, in turn, 
is supported by the attachment passing through the saw 
cut. It is made with a “‘ diamond ”’ tang to fit Eclipse 
hacksaws, or with a square tang to fit other frames. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—With the completion of Period 3 
orders last week there was a slight, hut distinct, indication 
of a quieter tone in some directions in the steel trade, 
but while it would be an exaggeration to say that this 
has caused anxiety it is true that makers have been 
watching developments closely in order to ascertain 
whether the change marked the start of a general recession 
or whether the movement was only a temporary fluctua- 
tion. Some observers were inclined to regard as particu- 
larly significant an easing off in orders in the sheet 
trade, as this is generally one of the last sections to be 
affected by any slackening of trade. During the week, 
however, inquiries from abroad were very numerous, and 
both steelmakers and re-rollers received urgent requests 
from the United States and the Argentine, while Canadian 
operators were also prominent, indicating a potential 
business in excess of any previously conducted with that 
Dominion. ° 

Scottish Coal.—Deliveries to consumers, dependent on 
Lanarkshire collieries for supplies, were cgnsiderably 
short of allocations at the beginning of last week, owing 
to the loss of a day’s output for the autumn holiday, 
coupled with a loss of over 5,000 tons the week before 
through unofficial stoppages. The production for the 
week ended September 25 was 169,900 tons, compared 
with 183, 400 tons a week earlier. Other area figures 
also varied as a result of the official holiday :—Fife, 
146,200 tons (140,800); Ayrshire, 76,900 tons (53,500); 
and the Lothians, 65,300 tons (71,500). The total for 
the division was, therefore, 458,300 tons, against 449,200 
tons. Coking coal was particularly short, owing to a 
stoppage at Polmaise Collieries 3 and 4. Industrial and 
steam coals were below requirements, but generally the 
shortage was met from reserves. The supply position 
in the other areas was more normal, while the export 
programme was only slightly affected. Bunkers were 
a steady trade and were comfortably booked. Gas coke 
remains very plentiful. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

Welsh Coal Trade.—The steady expansion of outputs 
from the South Wales mines has continued unchecked ; 
in the latest week for which figures were available, that 
ended September 25, it was up by over 3,300 tons at 
445,800 tons. There was, however, an acute shortage 
of the better sorts on the steam-coal market last week. 
The additional coal produced has found a ready sale in the 
home trade, and demand in this section has been very 
keen. As a result, all the better grades have been 
difficult to secure. The large kinds, in particular, have 
been well placed with forward bookings, while sales 
ahead have also been extensive in respect of the washed- 
small and sized classes. On the other hand, some of the 
inferior dry steam smalls have been obtainable without 
much difficulty. On the export side, the most important 
development of the week has been the restarting of 
operations for France, which has always been a large- 
scale user of Welsh coals, but payment difficulties 
brought operations to a standstill in July last. Subsequent 
negotiations have. got over the difficulty, and it was 
officially reported that larger supplies would be sent to 
that market. As yet, no details of the new arrangement 
are available, but it was understood that Britain would 
be sending about 150,000 tons of coal to France every 
month, of which South Wales would be providing 
between 60,000 to 70,600 tons. Already ships have been 
chartered on the outward freight market to lift cargoes 
of coal at South Wales for the French ports. Trade with 
Spain has continued very modest, owing to the reluctance 
of shippers to add to the credit they have given already 
to Spanish importers. Shipments to Portugal, Argentine 
and the foreign coaling depots have been actively 
maintained. 

Swansea Steel-Sheet Indusitry.—The market report 
issued By the Incorporated Swansea Exchange states 
that, last week, the strong demand for tin-plates was fully 
maintained. The home sales at the end of the September 
quarter, for delivery during the subsequent three months, 
were well up to the average. The export market, on the 
other hand, remained quiet as makers were not prepared 
to commit themselves until they had satisfied the bulk 
of the home requirements. Steel sheets continue to be 
in great demand, and as makers have full order books 
they are refusing fresh business. All the steelworks are 
anxious to buy substantial ‘quantities of iron and steel 
Scrap as their stocks are at a low ebb. 





AUXILIARY ELECTRICAL GENERATING PLANT.—The 
Ministry of Fuel and Power requests industrial and 
other undertakings owning auxiliary electrical genera- 
ting plant to use it, in order to relieve the public 
supply, at least during the hours 8 aim. to 12 noon and 
4 p.m. to 5.30 p.m., from now until the end of March. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—While the fuel situation is more 
satisfactory than was threatened at one time, accumu- 
lations of tonnage for winter requirements are still 
slower than could be desired and the output of Cleveland 
ironstone, while improving, is below the demand. 
Supplies of other raw materials are sufficient for con- 
sumers’ requirements. Imports of foreign iron ores are 
at a high level, but fear is expressed that they may not 
be fully maintained as the requirements of Continental 
users increase. Some expansion in.the supplies of iron 
and steel scrap is very welcome, but the tonnage now 
available for distribution is far from adequate for current 
requirements and the demand for large deliveries over 
the remainder of the year is intense. There are still 
deficiencies in pig-iron output and the production of 
finished materials is moving towards the establishment 
of new records. 

Foundry and Basic Iron.—The limited tonnage of 
foundry pig iron distributable is rapidly taken up. 
Local production is intermittent and meagre and supplies 
from other iron centres are not always adequate for the 
urgent requirements of North-East Coast users. Foun- 
ders in the Tees-side area are more than ever dependent 
on regular deliveries of Midland brands of iron. The 
occasional output of foundry pig from Middlesbrough 
blast-furnaces is of very satisfactory quality and an 
expansion in the make would be welcome. The whole 
of the Tees-side production of basic iron is passing 
promptly into use at the makers’ adjoining consuming 
works. 

Hematite, Low-Phosphorus and Refined Iron.—Kast- 
Coast hematite consumers, in their desire to re-establish 
stocks, are pressing for larger parcels than are coming 
forward, but the current needs of regular users almost 
absorb the production. A satisfactory output of low- 
phosphorus iron meets a steady demand and refined-iron 
manufacturers are able to deal adequately with their 
customers’ requirements. 

Manufactured Iron and Steel.—Branches of industry 
turning out semi-finished and finished iron dities 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
mofning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, October 11, 5 p.m., Grand Hotel, 
Bristol. Chairman’s Address, by Mr. W. Hill. South 
Midland Centre: Monday, October 11, 6 p.m., Grand 
Hotel, Birmingham. Annual Meeting and Conversazione. 
Chairman’s Address, by Dr. W. G. Thompson. North- 
Eastern Centre: Monday, October 11, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. Chairman’s Address, by 
Mr. _L. Mellor. London Students’ Section: Monday, 
Octéber 11, 7 p.m., Victoria-embankment, W.C.2. 
Chairman’s Address on “‘ The Telephone Relay,” by Mr. 
A. Mason. Measurements Section: Tuesday, October 12, 
5.30 p.m., Victoria-embankment, W.C.2. Chairman’s 
Address, by Dr. S. Whitehead. Scottish Centre: Tuesday, 
October 12, 7 p.m., Royal Technical College, Glasgow ; 
and Wednesday, October 13, 7 p.m., Heriot-Watt College, 
Edinburgh. Chairman’s Address, by Mr. J. Gogan. 
Radio Section: Wednesday, October 13, 5.30 p.m., 
Victoria-embankment, W.C.2. Chairman’s Address, by 
Mr. F.Smith. Southern Cenire : Wednesday, October 13, 
6.30 p.m., R.A.E. College, Farnborough. “ Three- 
Dimensional] Cathode-Ray Tube Displays,” by Messrs. BE. 
Parker and P. R. Wallis. Utilisation Section: Thursday, 
October 14, 5.30 p'm., Victoria-embankment, W.C.2. 
Chairman’s Address, by Mr. R. O. Ackerley. 

JUNIOR INSTITUTION OF. ENGINEERS.—North-Western 
Section: Monday, October 11, 7.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. Annual Meeting. Presidential 
Address on “‘ Fuel and the Future,” by Mr. John Gray- 
ston. Institution: Friday, October 15, 6.30 p.m., 
39, Victoria-street, S.W.1. “‘Sound and Vibration 
Measurements,” by Mr. L. P. Corte. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
12, 5.30 p.m., 85, The Minories, E.C.3. ‘‘ The Heat 
Pump,” by Mr. F. Joder. 

ILLUMINATING ENGINEERING SOCIETY.—Tuesday, 





are busy and steel firms have commitments as heavy as 
conditions justify. Users of semi-finished steel are 
desirous of obtaining more billets than they are receiving, 
and sheet makers have barely sufficient bars to keep the 
mills fully occupied. Sheet manufacturers are over- 
whelmed with inquiries and the demand for plates, rails, 
joists and sections is exceptionally heavy. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The production of steel is being 
increased to meet an insistent and growing demand. 
Efforts to increase the make of coke by high priority 
coking coal deliveries are assisting the output of pig iron. 
The flow of iron and steel scrap for re-melting is steady, 
and efforts to accelerate the collection and sorting are 
meeting with success. There is still a greater demand 
for high-carbon steel sheets and bars than can be satisfied 
fully, but steps towards improvement are being taken. 
The demand for steel products of all types is strong, and 
it has been possible to reduce some of the arrears of 
delivery. Good progress is being made in colliery- 
engineering shops with the numerous orders for equip- 
ment, and there is a very satisfactory rate of production 
in all railway-material shops. 

South Yorkshire Coal Trade.—Better production at 
South Yorkshire collieries, than has been reached for 
several months. is permitting a regular flow of coal to the 
railways, industrial concerns and public-utility under- 
takings, as well as to the Humber ports, to meet the 
growing demand for best qualities for export. The 
export section is stemmed to capacity. A brisk demand 
for bunkers is being experienced, chiefly in large steams 
and washed thirds. The house-coal demand is stronger 
and steps are being taken to ensure deliveries of better 
qualities. 


RELAYING TRACK IN TUNNEL.—The tracks in the 
Standedge double-line railway tunnel under the Pennine 
Range, between Manchester and Sheffield, were renewed 
in three days and nights, commencing Saturday, Sep- 
tember 25, by the chief engineer’s department, London 
Midland Region. The tunnel is 3 miles long, and an 
improved drainage system 2,243 yards in length had been 
laid prior to the track renewals. The total length of 
track renewed was 4,086 yds., comprising 3,323 yds. 
of the up line and 763 yds. of the down line. The work 
was carried out by 300 men, using special track-relaying 
cranes on loan from the Southern Region for lifting the 
old tracks and laying new pre-assembled tracks. Adja- 
cent to the double-track tunnel there are also two single- 
track tunnels, all three having water troughs at the 
western end ; and there is a canal tunnel below the rail- 
way tunnels. 








October 12, 6 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Presidential Address, by Mr. J. M. 
Waldram. 

INSTITUTION OF PRODUCTION ENGINEERS.—Halifaz 
Section: Tuesday, October 12, 7 p.m., Whiteley’s Café, 
Westgate, Huddersfield. ‘‘ Precision Castings,” by Mr. 
F. Hudson. Western Section: Wednesday, October 13, 
7.15 p.m., Grand Hotel, Bristol. “‘ Management for 
To-day,” by Mr. A. T. Davey. Coventry Section: Friday, 
October 15, 7 p.m., Geisha Café, Coventry. “‘ Produc- 
tion Management’s Responsibility for Productivity,” by 
Mr. B. H. Dyson. 


.INCORPORATED PLANT  ENGINEERS.— Manchestér 
Branch: Tuesday, October 12, 7.15 p.m., Engineers’ 
Club, Manchester. “‘Canteen Equipment,” by Mr. 
D. J. Cottam. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEEBS. 
—South-West London Branch: Tuesday, October 12, 
7.30 p.m., Compton Hall, Compton-road, 8.W.19. Four 
lecturettes. 


INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.— Wednesday, October 13, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. Annual Meeting. ‘“‘ Testing the Thermal Condi- 
tions in a Building,” by Mr. A. H. Barker. 


INSTITUTE OF PETROLEUM.—Thursday, October 14, 
5.45 p.m., 26, Portland-place, W.1. “Integration of 
Operations in a Large Refinery,” by Messrs. K. B. 
Ross and D. N. McKinlay. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 14, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
Presidential Address, by Mr. L. Scott White. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
October 15, 6 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. “Technical Adventures in Australia,” by Mr. 
Mansergh Shaw. AUTOMOBILE DIVISION. Tuesday, 
October 12, 6 p.m., Storey’s-gate, S.W.1. Annual Meeting. 
Chairman’s Address, by Mr. R. Pentony. 

INSTITUTION OF SANITARY ENGINEERS.—Friday, Octe- 
ber 15, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
* Standards of Practice in Domestic Sanitary Engineer- 
ing,” by Mr. J. T. Finch. 

Norts-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 15, 6.15 p.m.’ Literary 
and Philosophical Seciety, Newcastle-upon-Tyne. Presi- 
dentia] Address, by Mr. Mungo Campbell. 


INSTITUTE OF BRITISH FOUNDRYMEN.—West Wales 
Section: Friday, October 15, 7 p.m., Glanmor Foundry 
Canteen, Lianelly. Film: ‘‘ Making Steel Castings,” 
introduced by Mr. F. H. Lloyd. Middlesbgough Branch : 
Friday, October 15, 7.30 p.m., Cleveland Scientific and 
Technical Institute, Middlesbrough. 


“ Heat-Resisting 





Steels,” by Mr. F. H. Keating. 
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We desire to call the attertion of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial co mdence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are Pa able to ‘‘ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street. 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), pdyable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada ............... cetera Mv 

For Canada Pe te &A 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s nam¢ and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current weck’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display. announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. . 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 
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THE PRESENTATION AND 
DISSEMINATION OF 
SCIENTIFIC INFORMATION. 


At the 20th annual conference of Aslib, held 
in 1945, Professor J. D. Bernal delivered an 
address entitled ‘‘ Information Service as an Essen- 
tial in the Progress of Science.”’ Its theme was that 
a central body should be set up to regulate the 
publication and distribution of scientific papers ; 
the purpose of this proposal being to enable research 
workers to keep in touch with the latest develop- 
ments in their subjects without having to look 
through a large number of “scientific journals,” 
the major part of the contents of which were of 
no interest to them. Commenting on the address 
in our issue of September 28, 1945, we suggested 
that discussion of the application of the proposal 
would have been facilitated if Professor Bernal had 
defined what he meant by a “scientific journal.” 
This admonition may now be extended to cover the 
recommendations adopted at the Royal Society 
Scientific Information Conference, which was held 
from June 21 to July 2. A full report of this 
conference is expected to be published shortly, but, 
in the meantime, the text of the recommendations 
adopted has been made available. It should be 
pointed out, perhaps, that the Scientific Information 
Conference is not to be confused with the earlier 
Royal Society Empire Scientifie Conference, held in 
1946, the report of which is now published and will 
be reviewed in due course in our columns. 

After suggesting that the Royal Society should 
consider the setting up of a Standing Committee 
on Scientific Information Services, the recommen- 
dations continue with a section headed “‘ Scientific 
Journals,” but there is no explanation of what this 
term covers. It would appear from some parts 
both of Professor Bernal’s address and of the 
recommendations that, in the main, the term is 
used, to indicate the proceedings of scientific societies; 
but for a proper consideration of the proposals made 
it is necessary to know if this is an exclusive defini- 
tion. Without entering into the field of engineering 
publications, it may properly be asked if The 





Philosophical Magazine and Nature are “ scientific 
journals”; if they are held not to be, then it is 


desirable that a specific definition of the term 
should be given. As, however, in any ordinary 
meaning of words, these publications certainly are 
“scientific journals,” the best way to deal with 
the matter would be for the Royal Society to adopt 
some new term for the type of publication to which 
the recommendations are intended to refer. 

These remarks do not constitute a mere verbal 
quibble ; the matter is one of considerable import- 
ance. Scientific workers obtain much information 
from the pages of independent journals as well as 
from the proceedings of learned societies, and 
any scheme for improving accessibility should 
cover both types of publication. The recom- 
mendations, briefly, are that a committee of 
editors should be set up to ensure “‘more active 
co-operation between editors of scientific journals ”’ ; 
apparently, the committee would allocate submitted 
articles between the various journals represented 
and consider ‘‘ whether the number of journals in 
which certain subjects are published is not unduly 
large” (sic). A minor recommendation is that 
“‘each paper should begin on a right-hand page.” 
It is further proposed that, ‘“ where the improve- 
ments in scientific publications depend on scientific 
editors and editorial boards, funds should be made 
available to provide them with adequate additional 
staff and facilities.” 

It is not likely that independent journals would 
be prepared to have their editorial contents regu- 
lated by any outside body, or to accept funds for 
the purpose of “improving” their publications, 
accompanied, as the gifts would have to be, by the 
imposition of some measure of contro] on the part of 
those who provide the additional. funds. The 
suggestion that all articles should start on right-hand 
pages can only be received with a smile in these days 
of paper shortage. Some efforts are made by 
learned societies to arrange their papers in this way, 
to facilitate the supply of excerpts, but it is not 
practicable to impose any such regulation on a 
periodical such as EncrnEERING. Apart from inde- 
pendent journals, however, it does not seem likely 
that the great engineering institutions would be 
prepared to admit outside interference with the 
form and contents of their Proceedings, or that 
they feel any need for funds subscribed from outside 
to improve them. The publications of the major 
engineering institutions, and the engineering Press 
generally, certainly form part of the body of 
“‘scientific journals.” They, however, are con- 
nected with, and indeed, form part of, one of the 
major industries of the country. If the reeommen- 
dations do not refer to them, but to journals of pure 
science with little financial backing, then nothing 
more need be said about the matter here at the 
moment ; but, if the proposed Standing Committee 
on Scientific Information Services should be set up, 
it would be an advantage if they would begin their 
discussions by defining as precisely as possible what 
they are talking about. 

Apart from the main recommendations, there are 
some minor ones of interest to the editors of all 
types of scientific journal. One is that contribu- 
tions should be “written in clear and concise 
English.” Another is that “scientists, as potential 
authors, should be trained in the initial preparation 
of manuscripts designed for publication.” No 
indication is given of how these desirable ends 
are to be attained. The question of mstruction in 
English has been raised, time and again in discussions 
on engineering education without any noticeable 
effect on average practice, and if any new committee 
can do anything leading to a more widespread use 
of ‘clear and concise English,” the result will be 
welcomed by all editors. Unfortunately, the word- 
ing of some of the recommendations is not a hopeful 
augury. One, referring’ to the publication of 
** subjects,” has been quoted above ; another, con- 
cerned with the suggestion that efforts should be 
made to save time in the preparation of reports on 
research work, concludes with the remarkable 
phrase “‘so as to avoid the psychological effect of 
dilatoriness on all those involved in the chain of 
publication.” This jargon ‘ presumably means 
merely that authors should not set a bad example 
by being dilatory, or, more briefly, should not be 
dilatory. Psyche may have been an intelligent 





and reasonably respectable goddess, compared with 
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some of her contemporaries, but it would have 


added to the clarity of much written matter if her |, 


particular science had not been invented. 

‘he recommendations include a section headed 
“Library and Information Services.” Among 
other matters, this covers the question of the 
qualifications of special librarians and information 
Officers, and it is suggested that encouragement and 
assistance should be given to the Library Associa- 
tion and to Aslib in raising the level of their train- 
ing and status. In view of this and other refer- 
ences, it was natural that the recommendations 
should figure in the programme of the 23rd Aslib 
conference, which was held from September 17 to 19, 
1948. The matter was dealt with on that occasion 
also by Professor Bernal, who presented a paper 
bearing the title “The Significance to Special 
Librarians and Information Officers of the Royal 
Society’s Scientific Information Conference.” Pro- 
fessor Bernal confined his remarks to what he 
termed an “operational research.” One of the 
recommendations was that the Royal Society should 
“‘ consider the initiation of further research into the 
uses of scientific literature.” It is clear that, if a 
fund is to be set up for the assistance of financially- 
weak scientific publications, it will be 
to ascertain the extent to which claimant journals 
are actually being utilised by readers. This may 
not be a true measure of scientific importance, but 
it is an essential factor in any assessment of claims. 

The question of the training and qualifications of 
information officers and special librarians is one that 
is discussed at almost all Aslib conferences, and two 
papers upon it were presented at the recent meeting. 
In this matter, there are two schools of thought : 
one lays most stress on library training, the other 
on a knowledge of the subject with which any 
particular organisation is concerned. The matter 
has been dealt with more than once in these columns 
in the past, and there is no point in re-opening it 
now, further than to say that a librarian without 
adequate knowledge of a scientific subject could 
not properly conduct an information department 
dealing with that subject. The matter of “ status,” 
also referred to, is closely linked with that of quali- 
fications. These domestic matters are, perhaps, best 
left alone by outsiders ; but a reminder may not be 
out of place that “status "—a topic which arises 
fairly frequently among the memberships of the 
minor and non-qualifying engineering societies—is 
@ distinction freely conferred on a basis of public 
opinion alone. As with success, ’tis not in mortals 
to command it, and much less to demand it ; first, 
it must be deserved—a fact of which those who 
best deserve it are usually well aware. 

Another point which might be borne in mind by 
any committees or conferences which concern 
themselves with the dissemination of technical and 
scientific knowledge is the incidental and (to those 
not directly concerned with publication) the less 
obvious effects of the current shortage of paper and 
printing capacity, and of the activities of the great 
and growing army of public relations officers and 
other publicity agencies, which reduce further 
both the supplies of paper available and the possi- 
bitility of making good use of additional paper if 
it were released for general consumption. To take 
only one instance: at the recent International 
Congress of Applied Mechanics, held in London, 
no preprints of papers could be provided, because of 
printing difficulties. Many more of these papers 
might have been printed by the technical journals 
interested in the various subjects if circumstances 
permitted editors to vary the number of pages in 
any given issue according to the needs of the 
moment. This is not practicable under the present 
rationing restrictions; and the outpourings of 
“inspired ” material have the effect of limiting still 
more the free space available to meet seasonal 
demands ; moreover, the time and labour involved 
in sorting through masses of chaff in search of the 
Occasional grains of wheat are by no means incon- 
siderable. Such details as these are purely internal 
matters of periodical publication, with which the 
ordinary public are not normally concerned. There 
would be no occasion to refer to them now, were it 
not that, so often, the most vocal of the would-be 
regulators have little or no first-hand experience of 
the activities that they seek to control, 





COLOUR VISION. 


Most knowledge of the external world is obtained 
through the eye, and with it the majority of 
scientific observations are made. One of its most 
striking properties is its ability to perceive colour 
and to distinguish between colours in respect of 
hue, brightness and saturation. The sensation of 
colour is a complex subjective process involving 
the entire visual organ, including, along with the 
eye itself, the optic nerve and a portion of the 
brain. The fibres of the optic nerve spread out as 
they enter the eye and terminate on the retina in 
two types of receptors sensitive to light—the cones 
and rods. The cones are about five times the dia- 
meter of the rods, and there are some three million 
cones and about six times as many rods in the retinal 
mosaic. At the centre of the yellow spot, the most 
sensitive region of the retina, no rods occur at all 
and the cones are very densely packed. Proceeding 
outwards into the immediately surrounding para- 
foveal area, the proportion of rods to cones increases, 
and beyond this, only rods are present. 

The effective retinal elements in colour vision are 
the cones, and there is a progressive weakening of 
the colour sense towards the periphery of the retina 
which runs parallel with the lessening of the core 
population. The eye differs completely from the 
ear in that, whereas the ear is capable of analysing 
a complex sound into its constituent simple tones, 
the eye is incapable of analysing a complex light 
into its constituent monochromatic radiations. 
Thus, while each specific spectral distribution 
produces a definite colour sensation, the spectral 
composition of the light cannot be deduced from the 
corresponding sensation. In fact, entirely different 
spectral compositions are capable of producing 
indistinguishable colour sensations, as is illustrated 
by the wide range of complementary colours. 

According to the theory first put forward by 
Thomas Young, and subsequently elaborated by 
Maxwell and Helmholtz, human colour vision is 
provided by a tricolour unit; either three species 
of cone responsible, respectively, for the red, green 
and blue sensations, or three types of photo-chemical 
activity associated with each cone, or possibly 
some other variant. As yet, no means has been 
devised for deciding between these alternatives. 
On this view, each colour provides a stimulus for 
the three fundamental sensations, in a definite 
ratio. Young’s theory accounts satisfactorily for 
the experimentally established facts of normal 
colour matching and colour mixture. It also 
accounts for the main types of colour blindness by 
assuming the absence or deficiency, in the person 
affected, of one or other of these three fundamental 
sensations. Hering’s theory, by postulating a 
yellow-blue (Y-B) unit and a red-blue green-red 
(R-BG-R) unit, was able to provide a better insight 
into such phenomena as simultaneous and successive 
contrast, after-images and fatigue effects, though 
it does not afford such a simple explanation of the 
representation of colours in a colour tri . 

Until a few years ago, the balance of the evidence 
appeared to favour Young’s theory, but recent 
observations have revealed its inadequacy. A 
critical examination of the data now available has 
led Professor H. Hartridge to advance a poly- 
chromatic theory embodying the good features of 
both the older theories. In his presidential address 
to Section I of this year’s meeting of the British 
Association, he outlined his proposed theory and 
summarised the relevant. evidence in support of it. 
Professor Hartridge’s polychromatic theory postu- 
lates the existence of two subsidiary visual units in 
addition to the trieolour unit of Young’s theory, 
with response peaks at approximately 6,100, 5,450 
and 4,500 A. One of these, the Y-B unit, has recep- 
tors with response curves having peaks in the yellow 
and in the blue regions of the spectrum at about 
5,750 and 4,730 A. The other unit, the R-BG-R 
unit, also comprises two types of receptor, and these 
have response curves with peaks in the red and 
in the blue-green regions at about 6,700 and 4,950 A; 
but the former possesses, in addition, a secondary 
hump towards the extreme violet end of the spectrum 
at @ wavelength around 3,600 A. When the fovea 
is being used in normal colour vision, Professor 
Hartridge supposes all three units to be in action ; 





while, when a more peripheral part. of the retina is 
in use, the Y-B unit alone vides colour vision, 
The fovea, at high light intensities, also employs 
this unit alone ; whereas, at low intensities or smal] 
visual angles, the R-BG-R unit functions alone, 

Some of the most significant data for controlling 
theories of colour vision have accumulated from a 
study of defective colour vision, and much of the 
evidence cited by Professor Hartridge in support of 
his theory is derived from this source. The poly. 
chromatic theory accounts more satisfactorily than 
the trichromatic theory for the observed hue dis- 
crimination in subjects exhibiting trichromatic 
anomalies, as well as in those with normal colour 
vision. It also explains more adequately the fact 
that monochromatic colours have saturation superior 
to colours obtained by mixing red, green and blue, 
The type of hue perception found at the fovea 
at low light intensities and at small visual angles 
(under conditions corresponding to what Hartridge 
terms ‘‘reduced foveal vision”) results in the 
replacement of full colour vision first by a stage 
in which colours are seen in terms of two primaries 
only, namely, red and blue green and mixtures 
of these with white, grey or black; and thereafter 
by colourless foveal vision. Attempts to interpret 
this on Young’s theory by postulating a linkage 
between the green and blue receptor pathways 
failed to account for the observed changes in the 
shape of the luminosity curves. 

Though the lens system of the eye is affected by 
chromatic aberration, the colour-fringing of the 
image projected on the retina is seldom perceived and 
some mechanism must exist whereby it is eliminated. 
It is suggested that the proximity of the blue and 
yellow fringes produced by chromatic aberration 
promotes the inactivity of the Y-B unit and the 
tricolour unit, leaving only the R-BG-R unit in 
action; and that these adjustments are brought 
about by a nervous mechanism termed the “ anti- 
chromatic responses.” 

The problem of colour vision is to correlate the 
subjective perception of colour with the mechanism 
of the visual organ and the physical properties of 
light. Much of the difficulty in this, as in all 
aspects of physiological optics, arises from its 
subjective character, and it is on this account that 
the explanations of the phenomena are mostly 
qualitative. The stimulus that excites the sensory 
nerves and gives rise to perception is not proportional 
to the sensation. Moreover, the response of the 
eye to a given stimulus is not invariable, like that 
of a properly designed galvanometer to a given 
electric current, but depends on other stimuli, 
antecedent in‘ time or adjacent in space. Further- 
more, the magnitude of the visual sensation is a 
function of the luminous intensity which, in turn, 
depends upon the wavelength. . 

Light entering the eye, after refraction by the 
lens and liquids of the eye, forms an image on the 
retina. The luminous energy distributed over this 
image is absorbed by the visual purple lining the 
retina and promotes photo-chemical action, which 
generates nerve currents travelling to the brain. 
Much fuller knowledge of the photo-chemical and 
electrical processes occurring between retina and 
brain will be required before the experimental facts 
of normal and abnormal colour vision can be 
satisfactorily interpreted. Such knowledge is of 
practical importance in view of the handicaps 
arising from defective colour vision in the Services, 
the professions, and in industry. ‘ 

The step from a trichromatic to a polychromatic 
theory represents a normal stage in the evolution 
of a scientific theory from the over-schematised 
simplicity of the initial stages, where a limited range 
of rough observations have to be accounted for, 
to the more sophisticated complication of the later 
stages, where a more extended range of more 
refined observations demands interpretation. The 
complication in this case is not excessive, and the 
theory in its revised form does enable a far wider 
field to be charted. Professor Hartridge’s own 
conclusion is that there is hardly a single phase of 
human colour vision which does not support ® 
polychromatic theory more strongly than it does ® 
trichromatic theory; and in ly , oak comae = 
present known are to be explained, po: mat 
must exist throughout the entire weet mechanism. 
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NOTES. 


Deerp-Sza ResEaRcH SHIP. 

Tue Albatross, which is the research ship of the 
Swedish Deep Sea Expedition, was recently berthed 
in London Dock for a few days, on her return from a 
15-months journey round the world. In the after- 
noon of Wednesday, September 29, a few hours 
before the vessel sailed for Sweden, we were able to 
inspect the research equipment of the ship by 
courtesy of the leader of the expedition, Professor 
Hans Pettersson. The piston-type core sampler, 
developed by Dr. B. Kullenberg, was stored on 
the starboard rail. Samples in the form of cores 
2 in. in diameter, and generally between 30 ft. 
and 50 ft. in length, had been taken of the sediment 
on the ocean bed. The core sampler consists 
of a piston at the lower end of a piston rod which 
is suspended by a wire rod from the vessel, and 
a tube, or long cylinder, which surrounds the 
piston and piston rod and is suspended from it by a 
hook device which can be tripped from on board. 
The apparatus is lowered on the ocean bed by a 
winch, and when the hook is tripped, the cylinder, 
weighted by metal blocks of from 800 to 1,300 kg., 
falls by gravity, and penetrating into the sediment. 
The stationary piston ensures that the cylinder is 
wholly filled with a core of undistorted sediment. 


. The apparatus is then hoisted on deck and the long 


core transferred to a number of transparent cylinders 
for storage and examination. Professor Pettersson, 
in one of his articles on the expedition in The Times, 
stated that ‘“‘a core of Atlantic red clay 50 ft. long 
should extend at least one to two million years back 
in geological time.” The construction of the winch 
for lowering and hoisting the core sampler, 30-ft. 
trawl, etc., was of interest. The straining and stor- 
ing functions have been separated. There are three 
drums: two with about six grooves each for apply- 
ing the pull, the rope passing round the grooves of 
one and then the grooves of the other, to the third 
drum which is large, but comparatively lightly built 
because it is only required to store the rope. The 
wire rope is about 11,000 metres in length, and tapers 
to allow for the stress imposed by its own weight. 
It can be winched at a rate of 1 metre per second. 
An echo-sounder, which was made in this country 
by Messrs. Marine Instruments, Limited, has been 
used for obtaining a continuous record of the depth 
of water. The sediment on the ocean bed, the 
study of which was the principal object of the 
expedition, varies considerably in thickness, and 
was measured by the time intervals between the 
direct and the reflected sounds of a charge exploded 
at a predetermined depth. The Albatross is a 
1,400-ton four-masted motor schooner ; her voyage 
covered some 44,000 nautical miles. 


Winter SurcHaRGEs For ELEcrRiciry. 
The British Electricity Authority and the Area 
Electricity Boards have decided that the running 
charges for electricity consumed by non-industrial 
users shall be subject to a surcharge of 0-35d. per 
kilowatt-hour during December, 1948, and January 
and February, 1949; and to a rebate of 0-1d. per 
kilowatt-hour during the ensuing nine months. 
These changes are being made at the request of the 
Ministry of Fuel and Power and are in accordance 
with the recommendations of the Clow Committee, 
which, after much consideration, hoped in this way 
to discourage the domestic demand at times of peak 
load during the winter. In commenting upon 
this proposal at the time the report was issued, in 
August, 1948 (see ENGINEERING, page 134 ante), 
we pointed out that although it might result in a 
decrease in consumption it would not necessarily 
do so during peak load periods and that, unless the 
surcharge was penal, it might not even have the 
former effect. It is, of course, impossible to lay 
down a general rule which will cover all consumers, 
but an analysis of a particular case may not be 
uninteresting. This consists of a six-room house, 
Which is equipped with a normal amount of lighting 
and in which electricity alone is used for cooking 
and for operating a refrigerator and other small 
apparatus. Water heating is effected by a coke-fired 
boiler during the winter and by an electric immersion 
heater during the summer, although there is a certain 
flexibility in the relative use of these two methods. 
In addition, electricity is used a good deal for 





space heating, especially on winter mornings and 
in the evenings when the weather is mild, open coal 
fires being employed at other times. It is found, 
as a result of records kept over a long period, that, 
owing particularly to the employment of electricity 
for water heating in the summer, there is little 
difference between the weekly consumptions during 
that season and in the winter. On the average, 
this weekly consumption amounts to 135 kWh, 
resulting in an annual bill, at 0-75d. per kilowatt- 
hour, of 211. 18s. 9d. Taking the same average 
weekly figure, the consumption during the 13 
winter weeks amounts to 1,755 kWh, the cost of 
which will be 81. 0s. 10d, at the new rate of 1-1d. 
(0-75d. + 0-35d.) per kilowatt-hour. During the 
remaining 39 weeks of the year the consumption will 
be 5,265 kWh, the cost of which will be 141. 5s. 2d. 
at the new rate of 0-65d. (0-75d. —0-1d.) per 
kilowatt-hour, making a total annual bill of 
221. 6s. 0d. This particular consumer will therefore 
suffer a surcharge of no more than 7s. 3d., which will 
hardly discourage him from using less electricity 
during the winter, especially if the weather is cold. 
This is, of course, only one among a great variety 
of cases. It does, however, render it difficult to 
explain the official statement that “when the 
financial position resulting from the winter surcharge 
is known the question of still further reducing the 
summer charge will be considered.” 


LinpLey Province GrounD FoR Motor VEHICLES. 


The Motor Industry Research Association, Great 
West-road, Brentford, Middlesex, have announced 
that negotiations for the use of Lindley Airfield as a 
motor-vehicle proving ground have now been 
completed and that the site is open to all member 
firms of the Association. The airfield adjoins 
Higham-on-the-Hill Railway Station on the Nunea- 
ton and Ashby line, and is about three miles north of 
Nuneaton. The official designation and address is : 
The Motor Industry Research Association Proving 
Ground, Lindley, near Nuneaton, Warwickshire, 
and the telephone number, Nuneaton 2221. It is 
stated that there is limited covered accommodation 
on the site for garaging or for making minor adjust- 
ments to vehicles, but, for the present, there will 
be no canteen facilities or sleeping accommodation 
for personnel. It has not yet been possible to mark 
out the roadway system and erect signposts on 
account of the delay in completing negotiations for 
the occupation of the site, but preparations are now 
being made to put this work in hand as soon as 
possible. Traffic arrangements and control, of 
necessity, will be on an experimental basis at first ; 
the best system will be determined as the result of 
experience and, in this matter, the help of all users 
of the proving ground is to be sought. 


Repsurmpine ScHEMES ON BririsH Raitways, 
Lonpon Miptanp REGION. 


Some important rebuilding schemes on the 
London Midland Region, British Railways, at 
Manchester, Liverpool and Crewe, were described 
by Sir Cyril Hurcomb, chairman of the British 
Transport Commission, during a recent tour of the 
area. Crewe North motive-power depot, the 
largest and most important express passenger 
locomotive depot in the Region, to which 130 
locomotives are allocated, is to be rebuilt at a cost 
of about 500,0001. The first stage, costing 65,000/., 
will comprise the provision of new duplicate coal- 
and ash-handling plants (to obviate delays in the 
event of failure) and a 70-ft. diameter turntable. 
Work on this stage commences on October 11, 
and will be completed in about 15 months. The 
second stage will include two new locomotive sheds 
of the roundhouse type, each with 32 roads radiating 
from a 70-ft. turntable. There will also be improved 
staff amenities. The divisional traffic-control room 
at Crewe is to be modernised. The estimated 
cost is 15,000/., and the date of completion April, 
1949. Manchester Victoria and Exchange stations, 
which suffered considerable war damage, are to be 
rebuilt. Sir Cyril Hurcomb explained that the 
proposal to have one main station, replacing the 
present Victoria, Exchange, Salford and Central 
stations, was not practicable; quite apart from 
the very high cost, the operating difficulties were 
insuperable. A central parcels office and depot is 
to be provided at Victoria Station to deal with all 








Manchester’s parcels rail traffic. The station roof 
is to be restored, and modernrrefreshment and staff 
rooms and an improved concourse are to be provided. 
At Exchange Station, plans costing some 200,0001., 
provide for a spacious entrance hall with modern 
booking office, waiting and refreshment rooms, 
These plans will be put into operation as soon as 
the building restrictions are relaxed. The same 
condition applies to the plans for rebuilding Lime 
Street and Exchange Stations at Liverpool. 
Although the tracks and signalling at Lime Street 
were recently improved, the station is still very 
cramped, It is planned to provide new waiting 
rooms, inquiry facilities, cloakrooms, ete. The 
scheme for Liverpool Exchange will cost about 
200,000/. The booking office will be re-sited at the 
southern end of the concourse, and a new block of 
buildings will be constructed to accommodate the 
railway staff. 


Launcn or S§.S. ‘‘ Himaaya.” 


The passenger and cargo liner 8.8. Himalaya was 
launched successfully at the Barrow-in-Furness 
shipbuilding yard of Messrs. Vickers-Armstrongs, 
Limited on Tuesday, October 5. The vessel 
is being constructed for the Peninsular and Oriental 
Steam Navigation Company and the launching 
ceremony was performed by Lady Currie, wife of 
the company’s chairman, Sir William Currie, G.B.E. 
The Himalaya is intended primarily for the express 
service between the United Kingdom, Bombay and 
Australia, and is expected to reduce the service 
schedule between England and Bombay by five days 
and between England and Melbourne by ten days. 
The vessel has a length overall of 709 ft., a moulded 
breadth of 90 ft. 6 in., and a moulded depth at “ E” 
deck of 50 ft. The gross tonnage will be approxi- 
mately 31,000, thereby making the Himalaya 
the largest vessel designed so far for the Peninsular 
and Oriental Company ; it is understood that it is 
also the largest vessel in the world to be launched 
during 1948. There are eight continuous decks, 
seven of which will be used for accommodating the 
passengers and crew, and when completed accommo- 
dation will be provided for 770 first-class passengers, 
390 tourist-class passengers, and a crew of 620. 
There will be six holds, three of which will be 
arranged for the transport of refrigerated cargo. 
The vessel will be propelled by twin screws, each 
driven by a set of Parsons-type geared turbines, 
which have been designed to develop a total of 
34,000 shaft horse-power under normal conditions 
and of 42,500 shaft horse-power on overload. 
Steam, will be supplied by two large and two small 
water-tube boilers of Messrs. Foster Wheeler’s 
controlled superheat design arranged to give 
control frnm 850 deg. F. down to 600 deg. F., 
when manceuvring; the steam pressure at the 
superheater outlets will be 525-lb. per square inch. 
The boilers will operate under both forced and 
induced draught and air preheaters will be fitted in 
the uptakes from each boiler. The main condensers 
will be of Messrs. Weir’s Regenerative type, designed 
to maintain a vacuum of 28 in. with a sea-water 
temperature of 86 deg. F. Electrical power will be 
provided by four 850-kW turbo-generators manu- 
factured by Messrs. British Thomson-Houston Com- 
pany, Limited ; two 100-kW Diesel sets are being 
fitted for emergency use. 





APPLICATIONS OF NEW PLASTIC MATERIAL.—Some of 
the uses to which polytetrafiluoroethylene, generally 
known as P.T.F.E., is being, or may be, put were shown 
by Messrs. British Mechanical Productions, Limited, 
21, Bruton-street, London, W.1, at a private exhibition 
held at the Dorchester Hotel, London, W.1, on Monday, 
October 4. This non-inflammable plastic, though still 
rather expensive, has a greater resistance to temperature 
than other plastics, and combines desirable mechanical 
and insulating characteristics with resistance to attacks by 
oils and chemicals, excepting alkali metals. It was 
developed at the Royal Aircraft Establishment, Farn- 
borough, and is now manufactured by Imperial Chemical 
Industries, Limited, Messrs. British Mechanical Produc- 
tions, Limited, being the first to develop production 
processes for making the material into the components 
required by the R.A.E. The material, which may, for 
example, be used for fireproof cabling, is also suitable for 
making hermetic seals, such as those sometimes needed 
for small condenser or transformer bushings; exhibits 
showing such applications, and its use in valve-holders, 
and as an insulator, were included in the display. 
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LETTERS FO THE EDITOR. 
THE BRITISH COUNCIL. 


To THe Eprror or ENGINEERING. 


Smr,—In the valuable article on the British 
Council in your issue of September 10, on page 254, 
it was suggested that the Council might profitably 
include a larger measure of popularised science 
in its general activities. To prevent any misunder- 
standing of the position, may I inform your readers 
that, to avoid any overlapping with the Overseas 
Information Services of the Foreign Office, Colonial 
Office and Commonwealth Relations Office, it has 
been laid down that in various subjects, including 
science and engineering, the Council’s work is to be 
directed to educational and specialist groups and 
not to the general public ? The Council can provide 
information about British engineering achievements 
and developments to overseas universities, colleges, 
engineering societies, etc., and it is its duty to do 
so, but it cannot engage in general publicity, this 
being the province of the Information Services. 
Popularised science, therefore, falls to them. 

With regard to your comment that the Council 
financed a number of delegates to various scientific 
conferences, but none of them concerned with any 
aspect of engineering, this was not the fault of the 
Council. Applications for such conference grants 
were invited in notices published in the technical 
Press. Among the many applications received 
there were none from the organisers of conferences 
with an engineering aspect. Applications for grants 
for conferences to be held in 1949 will be invited 
shortly, and it is the Council’s hope that in the 
coming year engineering conferences will be repre- 
sented in the allocations. 

Yours faithfully, 
Pav REED, 
Information Officer. 
The British Council, 
3, Hanover-street, London, W.1. 
September 30, 1948. 





LOCOMOTIVE POWER, EFFICIENCY 
AND RATING. 


To THe Eprror or ENGINEERING. 


Sim,—The letters on pages 256 and 304, ante, 
referring to my original letter on the above subject, 
were most interesting, but there was no error in 
my statement: “‘the gain in efficiency resulting 
from the fully effective use of steam at 350 Ib. per 
square inch instead of 180 lb. per square inch, with 
250 deg. F. added superheat and exhaust at 15 lb. 
per square inch in each case, amounting to a 29 per 
cent. gain in favour of the higher pressure.” Unfor- 
tunately, Dr. Tuplin made three rather surprising 
errors in contradicting it. In the first place, he 
ignored the words “‘ fully effective”; then, to dis- 
prove it, he arbitrarily selected entirely unreasonable 
conditions, giving less than half the necessary 
expansion, with a pressure at exhaust far above 
15 lb. per square inch; and, finally, he ignored the 
fact that existing British locomotives have success- 
fully used lower clearance volumes and earlier 
cut-offs for years, with lower boiler pressures. 

The potential (theoretical) maximum thermal 
efficiency of steam locomotives is fixed by the steam 
conditions, and increases as boiler pressure increases, 
other things being equal. The achieved (actual) 
maximum thermal efficiency is lower; but, with 
relatively equally efficient detail design, construction 
and operation, providing for the achievement of 
equal proportions of the potential maxima in 
particular cases, the achieved maxima are in the 
same ratio, and increase as boiler pressure increases. 
Notwithstanding your correspondent’s statement to 
the contrary, test results in America and in Britain 
have proved that substantial increases in thermal 
efficiency have been achieved by higher boiler 
pressures, effectively utilised. 

In my original letter, I mentioned the capabilities 
of existing British express locomotives to develop 
from 30 to 40 drawbar horse-power per square foot 
of grate area, on the level, on a one-hour rating 
basis. Dr. Tuplin suggests that small British 





locomotives as well as large ones can develop 
50 drawbar horse-power per square foot of grate 
area on the level, without gravitational assistance. 
This is an extremely high figure for British practice, 
and smacks of the ‘“ enthusiast’s illusions,” pre- 
viously mentioned. Could Dr. Tuplin, or any 
others of your readers, be so kind as to furnish specific 
and fully-authenticated details of high-power 
outputs developed by British express locomotives, 
honestly attained on the level, stating full particulars 
and authorities ? 
Yours faithfully, 
R. Opre, B.Sc. 

London, September 29, 1948. 





OBITUARY. 


MR. W. P. JOHNSON. 


By the sudden death of Mr. W. P. Johnson, which 
occurred in Brussels on Saturday, October 2, at the 
age of sixty-five, the editorial staff of ENGINEERING 
has lost a valued ex-colleague and friend of many 
years standing. He was perhaps most distinguished, 
in these days of specialisation, by a deeper know- 
ledge than is usual of many branches of engineering. 
He was also capable of transferring that knowledge 
to paper in a clear and simple manner and of exer- 
cising, both on his own work and on that of others, 
that critical faculty which often does so much to 
improve the quality of a literary product. The 
success of a journal like ENGINEERING depends to 
a large extent upon team work, to ensure which 
postulates a willingness on the part of all concerned 
to contribute what they can to a common pool of 
experience. Co-operation was one of the most 
attractive of “‘ W. P.’s ” qualities and was shown by 
his readiness to help his colleagues by tactful sug- 
gestion or pungent comment, both frequently 
delivered with an air of detachment which was not 
altogether assumed. 

William Percy Johnson was born in Liverpool 
on April 28, 1883, and was educated at the Merchant 
Taylors School, Great Crosby, in that city. At the 
age of 17 he was apprenticed to the marine engineer- 
ing firm of Messrs. C. and H. Crichton, and on the 
completion of his indentures, five years later, came 
to London to attend classes at the Royal College of 
Science. During this period he was successful in 
winning a Whitworth Exhibition in 1907 and was 
also awarded the Associateship of the College. He 
then obtained an appointment as draughtsman with 
the British Westinghouse Electrical and Manufac- 
turing Company, Limited, Manchester, and, after 
holding this position for three years, became private 
research engineer to Major A. Musgrave, R.E., of 
East Grinstead, whom he subsequently accompanied 
to Malta. In 1913, he entered into partnership 
with Mr. J. Downs, the resulting firm of Downs and 
Johnson acting as ship and motor repairers at 
Valetta. When the partnership dissolved four years 
later, Johnson returned to this country to become 
head of the Department of Automobile Engineering 
at Loughborough College, a position he occupied 
until he joined the editorial staff of ENGINEERING 
in 1925. 

During the 15 years he was engaged on work in 
connection with the production of this journal, 
Johnson was responsible for numerous articles deal- 
ing in particular with internal-combustion engines, 
machine tools and other mechanical equipment. 
He also contributed material covering various 
civil engineering activities as well as leading articles 
on subjects which, although perhaps not primarily 
technical, are among those of which our readers 
must take cognisance. In carrying out these tasks 
his wide engineering experience was of great assist- 
ance, while his general reading and knowledge of 
men and affairs were at least equally valuable. 

In the spring of 1940 Johnson was invited to join 
the Economic Intelligence Branch of the Ministry 
of Economic Warfare as a technical expert on 
engineering and armament production in Germany 
and the enemy-occupied countries. His work in 
this position contributed greatly to Allied knowledge 
of the economy of the engineering industries of these 
countries and indirectly played an important part 
in the development of their strategy. After the 





conclusion of hostilities his technical experience led 
to his appointment as a member of the Allied 
Reparation Commission in Moscow, while later he 
was one of the British team that was formed to 
advise on the future level of industry in Germany 
in accordance with the Potsdam Agreement. 

In 1946 he joined the Secretariat of the Inter- 
Allied Reparation Agency in Brussels, as Director 
of the Research Division. Later he became chief 
of the Programming Division, and in this position 
was responsible for drawing up schemes for dividing 
German industrial equipment between the 19 mem- 
ber governments. In doing this the guiding prin- 
ciple has been to make the allocation in terms of 
the extent to which the productive capacity of a 
country has suffered by removal of plant to Ger- 
many, by deterioration due to intensive use or by 
destruction from aerial or land bombardment. Such 
work clearly demands not only technical knowledge 
but judgment. It is a tribute to Johnson’s exercise 
of these qualities that he won the deep respect of 
the various delegations for the impartiality and 
understanding with-which he carried out his duties. 

Johnson was elected an associate member of the 
Institution of Civil Engineers in 1910 and had also 
been a member of the Institution of Automobile 
Engineers, being transferred to the same class in 
the Institution of Mechanical Engineers on the 
recent amalgamation of the two bodies. He was 
chairman of the Loughborough Graduates Centre 
of the former body from 1921 to 1924. Before join- 
ing the staff of ENarnEERING, he contributed papers 
to the proceedings of the Institution of Mechanical 
Engineers and other technical societies. 





THE BRITISH ASSOCIATION 
MEETING AT BRIGHTON. 
(Continued from page 330.) 
APPLICATIONS OF THE HEaT Pump. 


Tue second of the two evening lectures, which 
formed a notable feature of the programme of the 
Section at the Brighton Meeting, was delivered on 
Monday, September 13, by Professor S. J. Davies, 
who was joint author with Mr. F. G. Watts. The 
lecture, which was well attended, was entitled 
‘“* Fuel and Power Economy, with special reference 
to Heat Pumps”; and it was reprinted on piges 
285 and 309 in our issues of September 17 and 
September 24, respectively. As Wing-Commander 
Cave-Browne-Cave had to attend another meeting, 
he requested Dr. E. Hughes, one of the vice- 
presidents of the Section, to take the chair, and Dr. 
Hughes at once invited Professor Davies to deliver 
the lecture. Before doing so, however, Professor 
Davies expressed regret that Mr. Watts was unable 
to be present owing to illness. 

The first speaker in the discussion that followed 
the delivery of the lecture was Miss M. V. Griffith, 
of the Electrical Research Association, who first 
remarked that all the information in the lecture 
had been critically examined by a reliable authority. 
A small heat pump, she continued, had been 
installed recently for research purposes in the 
laboratories of the Electrical Research Association, 
in London, where it was being used, in the first 
place, to obtain accurate data on the performance 
of such pumps under strictly controlled conditions. 
The main components had been obtained through the 
Department of Scientific and Industrial Research, 
and came, originally, from a German submarine, 
where the installation had been used for air condition- 
ing under water and as a heat pump on the surface. 
They used Freon-12 as the refrigerant and supplied 
heat to water to warm an adjacent building. The 
pump was driven by electric motors, and without 
making any alterations they had obtained a per- 
formance energy ratio of just over 3, taking auxilia- 
ries into account. That was for a hot-water tempera- 
ture of 120 deg. F. The installation comprised three 
compressors, each of which used about 3 kW, and 
the heat obtained from each should be sufficient to 
provide “‘ background heating ” for the whole of an 
average house. They were making some improve- 
ments in the circuit as a result of their experience 
and hoped then to obtain an energy balance for the 
whole circuit, so that the losses in different sections 
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could be separately evaluaied and, if possible, 
eliminated. The problem of suitable heat sources 
was an attractive opening for research. Miss 
Griffith suggested that the lecturers were a little too 
definite in their statement that there were few places 
where the subsoil would be unsuitable to provide a 
source of heat ; a great deal of research would have 
to be carried out before that was established. 
Some of the American pumps which were claimed to 
use terrestrial heat actually used wells of very small 
bore driven 20 ft. to 50 ft. into the earth. A rather 
crude calculation, using existing data, seemed to 
show that the rate of heat flow through soil would 
not be adequate in all circumstances. However, 
there seemed to be reliable evidence of at least one 
installation where pipes laid in trenches 6 ft. deep 
had picked up enough heat to maintain an American 
residence at 72 deg. F. throughout the winter 
season. At the Research Association they were 
using @ 10,000-gallon static-water tank as a heat 
source, but intended shortly to begin investigations 
on the suitability of the earth as an alternative. 

Discussing some of the factors to be taken into 
consideration in the researches on the earth, Miss 
Griffith said they would need to collect, or obtain 
experimentally, some data on the physical proper- 
ties of different types of soil, on the occurrence and 
distribution of ground water, and on the effect of 
moisture movements on heat transfer. They would 
need to analyse the effect of natural cyclic variations 
of temperature and the natural temperature gradient 
in the earth. Then there was the effect of the top 
surface of the ground, i.e., whether it was covered 
with grass or Tarmac. Would the constant with- 
drawal of heat affect vegetables, if a kitchen garden 
were used? Possible corrosive action must be 
guarded against; the best position and depth of 
the buried pipes would have to be determined ; and 
a decision made whether there was an advantage in 
circulating the working fluid directly through the 
buried pipes, thus saving on the auxiliary water 
pumps. Further, insufficient was known about the 
best comfort and ‘‘ background heating ’’ conditions 
for low-temperature panel heating, which seemed 
the best medium for space-heating by means of the 
heat pump. The Research Association were not 
carrying out the work in the hope of proving that 
the heat pump was the answer to our fuel problems, 
but at least it was hoped to provide information as 
an alternative to the speculation so rife at the 
moment. They would be particularly glad of 
information relating to installations in this country, 
other than those quoted in the lecture. 

Professor Davies, who thanked Miss Griffith for 
her contribution to the discussion, said that what 
he had had in mind in saying that there were few 
places where some heat could not be obtained from 
the earth was mainly ground water. He had 
considered an installation for his own house, but 
he lived on the top of a block of chalk about 300 ft. 
deep, so that he was in a very unfavourable position. 
Professor Davies added that the sea also provided 
a reservoir of low-temperature heat, and there 
would be a remarkable opportunity to save fuel by 
using that heat for heating hotels on the sea front. 
At the present time, every possible means of saving 
coal must be considered. 

Wing-Commander T. R. Cave-Browne-Cave, who 
had returned to the meeting while the lecture was 
in progress, said that in Brighton, and probably in 
many other places, including parts of London, the 
availability of low-temperature heat to be pumped 
up to a useful temperature level was not a problem. 
Where there were large quantities of liquid, including 
sewage, at a moderate temperature there was an 
opportunity to pump it up to a higher tempera- 
ture and use the heat available. He did not think 
the meeting should consider the use of heat pumps 
as being restricted by the availability of heat to be 
pumped. The really important point was the form 
which the heat pump should take and how far it 
could be made suitable for supplementing the 
extremely simple heating system of the coke-fired 
boiler or the electrically-heated installation. It was 
the heat pump which needed to be developed to a 
degree of simplicity and reliability greater than that 
of the ordinary domestic refrigerator. Moreover, 
the domestic refrigerator reduced temperature 
Within a very small local space ; the heat pump, on 





the other hand, was required to deliver its heat at a 
great distance from the pump itself. One of the 
main problems, therefore, was the transmission of 
heat from the heat pump to where it had to be used. 
The problems on which he thought the heat-pump 
enthusiasts should concentrate were the simplicity 
and reliability of the heat-pump installation itself, 
in competition with electric or gas heating, and the 
transmission of the heat from the pump to where 
it was wanted, to compete with electric heating, 
which was convenient, and with gas heating, which 
was a little less convenient but much less costly. 

The next speaker, Dr. J. A. Pope, felt that the 
lecturers were right in placing emphasis on large 
business and manufacturing installations. In the 
domestic field, heating was rather more important 
than refrigeration. If heat pumps became available 
in this country there would have to be some kind of 
mass production ; and before we could embark upon 
that, the pumps must be made simple and reliable. 
In reply to Dr. Pope, Professor Davies remarked that 
almost everybody had got int the habit of using 
motor cars, which were very much more complicated 
than a simple compressor for a heat pump. He was 
a little surprised that Professor Cave-Browne Cave 
had not referred to the idea of combining an oil 
engine with the heat pump, in view of his wide 
experience with the former. The waste heat from 
the oil engine was well known, and the attractive- 
ness of combining that engine with the heat pump 
was quite considerable. The transmission of heat 
from the point at which it was available to that at 
which it was needed might be a problem, but there 
were s0 many applications which should be met in 
order to save fuel that the simple ones might be 
dealt with first. 

Mr. J. G. G. Hempson, who spoke next, said he 
had some data on the performance of various types 
of refrigerator compressors from the service an_le, 
and these showed that the most unreliable part was 
the belt drive; its replacement was the most fre- 
quent servicing operation. The second most un- 
reliable part, and the most costly, was the thermo- 
stat. From the service angle, the Electrolux, which 
was normally, but not necessarily, gas operated, had 
a far better reputation because of the absence of 
moving parts, although its thermodynamic efficiency 
was low. Mr. D. Anson, referring to the combina- 
tion of the heat pump with the oil engine, called 
attention to the large amount of waste heat at power 
stations : it seemed to him that this could be raised 
to a temperature at which it could be used directly. 
He also referred to solar energy as a great source of 
low-temperature heat, and suggested that the heat 
pump might provide a means of concentrating that 
heat. Discussing the heating of groups of houses, 
Mr. J. F. Alcock said it seemed easier to distribute 
low-temperature heat than high-temperature heat, 
and inquired whether the lecturer had in mind the 
transfer of hot water from a central pump to the 
point of consumption, or the transfer of cold water 
to small individual heat pumps in the houses. In 
the latter case it would not be necessary to insulate 
the distribution pipes. To this Professor Davies 
replied that the transmission of the low-temperature 
water would be difficult in cold weather, as the tem- 
perature must not be allowed to fall much; the 
pumping power required would be considerable. 

In proposing a vote of thanks to the lecturer at 
the conclusion of the discussion, Wing-Commander 
Cave-Browne-Cave said that as engineers they had 
to consider all aspects of the problem, but he urged 
that those who had the development of the heat 
pump at heart must concern themselves first with the 
development of the pump itself and not too much 
with the sources of low-temperature heat, The pump 
must be made really reliable, as this was perhaps even 
more important than efficiency. Many of the 
difficulties which occurred, particularly in domestic 
refrigerators, were due to the fact that they were 
working at comparatively low temperatures; he 
believed a good deal of gland trouble was due to 
that fact. The problems of the heat pump should 
be tackled on their merits. Using the experience 
obtained with refrigerators he thought a somewhat 
higher temperature heat pump should be designed 
and developed to deal with comparatively high- 
temperature heat and raise its temperature further. 

(To be continued.) 





THE INSTITUTION OF 
NAVAL ARCHITECTS. — 


(Continued from page 328.) 


On the second day of the autumn meeting of the 
Institution of Naval Architects, held in London 
from September 21 to 24, inclusive, three papers 
were presented and discussed at the technical session, 
to which the morning was devoted. These dealt 
with ‘‘Some Experiments with Models of High-Speed 
Ships,” “The Effect of Shape of Entrance on Ship 
Propulsion,” and “‘ Wave Resistance Calculations at 
High Speeds,” the respective authors being Pro- 
fessor Anders F. Lindblad, Sc.D., of Gothenburg, 
Professor Ir. L. Troost, of Delft, and Professor J. K. 
Lunde, of Trondheim—all superintendents of ship- 
model experimental tanks. The chair was taken by 
Sir Amos L. Ayre, K.B.E. 


Biock COEFFICIENT AND THE L.C.B. 


Professor Lindblad’s paper reported the results 
of experiments on models of high-speed ships, 
designed to investigate the influence of the block 
coefficient and of the position of the longitudinal 
centre of buoyancy. The models used were of 
wood, had block coefficients ranging from 0-555 to 
0-625, and were tested at speed : length ratios from 
0-80 to 1-0. They were 20 ft. long, corresponding, 
to a scale of 1 : 20, to ships 400 ft. between perpen- 
diculars. The main objects of the research were to 
ascertain the influence of the longitudinal centre of 
buoyancy on the resistance, the most economical 
value of the block coefficient, and the most advan- 
tageous division of the displacement between the 
fore-body and the after-body. Models were made 
of six fore-bodies and seven after-bodies, and these 
could be joined to give 42 possible ship-forms, 
though the results reported covered only 28 of these 
forms. All of the half-models were of equal length, 
and there was no parallel middle-body. A cruiser 
stern of moderate size was used and rudders were 
fitted, but there were no other appendages. In 
comparing the results of the resistance tests, the 
Alexander formula was used, in which the displace- 
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ranging from 1-04 to 1-08. With a speed : length 
ratio of 0-80, it was found that the fullness of both 
the fore-body and the after-body could be increased 
considerably with only a slight increase in the © 
curves ; and, by selecting an appropriate fullness, 
the location of the longitudinal centre of buoyancy 
could be varied between fairly wide limits. With 
speed : length ratios of 0-85 and 0-875, a full fore- 
body (8 F = 0-595) combined with an after-body 
of § A = 0-66 produced a marked depression in the 
© curves. On approaching a speed : length ratio 
of 0-9, the resistance was found to be augmented in 
some proportion to the fullness and the total block 
coefficient had to be lowered—preferably by reduc- 
ing the fullness forward rather than aft. At 
speed : length ratios of 0-913 and 0-925, there was 
a steep rise in the © curves as the after-body fullness 
was increased from about 0-64 to 0-67, but no 
marked further increase beyond the latter value. 
At these speed : length ratios, the fore-body fullness 
of 0-595 showed a much greater resistance than any 
of the other series—on an average, about 7} per cent. 
more than the series with a value of 8 F of 0-572. 
At a speed : length ratio of 0-95, it was necessary 
to choose a sharp fore-body to reduce the resistance. 

Sir Amos Ayre, in opening the discussion, said 
that he had compared, Professor Lindblad’s models 
with a large number of others and had found them 
somewhat difficult of reconciliation ; he suspected 
that they might be subject to laminar flow at speeds 
below those at which the block coefficient was in 
relation to the Alexander formula, using the co- 
efficient 1-09 for twin-screw forms. He had had 
a high regard for the Alexander formula since 
its inception; but he had wondered sometimes 
whether that formula, using the coefficient 1-08 for 
single-screw models and 1-09 for twin-screw models, 
was, in many instances, merely # determinant of the 
position at which laminar flow in models broke 
down. If laminar flow were present, shifting the 
longitudinal centre of buoyancy.farther aft might 





354 


ENGINEERING. 


Oct. 8, 1948. 








tend to encourage it. The author had emphasised, 
however, that the results were not expected to be of 
universal application. Apart from the feature of 
the beam and beam-draught ratios mentioned, he 
believed that a much more important factor was the 
fact that the models were run with a rudder attached, 
adding some appreciable displacement. The area 
of the displacement section at the after perpendicular 
was about 81 sq. ft., giving a mean width of almost 
3-5 ft. Under that condition, the length between 
perpendiculars could not be regarded as being repre- 
sentative of the displacement length; it became 
something more than 400 ft., perhaps about 408 ft., 
which affected the block coefficient, the length: 
displacement ratio, the true position of amidship 
and, therefore, the L.C.B. In fact, the true L.C.B. 
positions might be about 1 per cent. farther forward 
than those given in the paper. 

Mr. J. L. Kent said the trend in modern mercantile 
shipping had been towards increased speed, and 
knowledge was incomplete of the finer ships, or 
rather, of fuller ships for higher speed. Professor 
Lindblad had now covered that range, and his 
work would be very valuable. 

Dr. E. V. Telfer observed that Professor Lindblad 
had expected that the discussion might deal with 
laminar flow and turbulence. As he had not used 
artificially stimulated turbulence with any of his 
models, he might usefully apply it to small types of 
models in order to check whatever doubtful points 
might be raised in the discussion. A further sug- 
gestion was that, in his next series of experiments, 
Professor Lindblad might use 5-ft. models and deal 
with much fuller forms. 

Dr. F. H. Todd, commenting on a remark in the 
introduction to the paper, that the exact location 
of L.C.B. was of no prime importance, suggested 
that this was an under-statement; one of the 
limitations put on the hull designer was the location 
of the L.C.B. Asking how the L.C.B. was calcu- 
lated, he inquired whether it included the volume of 
the rudder and the volume of the cruiser stern, or 
whether it was determined without regard to 
appendages. 

Mr. R. W. L. Gawn, in a written communication, 
commenting on a diagram showing the zone of loca- 
tion of L.C.B. for minimum resistance as being a 
good example of clear presentation, said it indi- 
cated that, for the majority of the forms considered, 
the optimum centre of buoyancy should be between 
2 and 3 per cent. of the length abaft mid-perpen- 
diculars for least resistance. That seemed rather 
far aft, but, referred to the middle of the wetted 
length of the form, the zone became } to 1} per cent. 
aft. Too often the task facing the designer, when 
balancing his ship for trim, was not how far aft he 
could locate the centre of buoyancy, but how far 
forward he could place it without undue penalty as 
regards hull resistance. The possibilities in that 
direction were limited ; the penalty for a forward 
location was large, but the penalty for an after 
location was less expensive. The streamlines on a 
model hull, illustrated in the paper, were especially 
interesting to those concerned with reducing the 
resistance due to plate edges. It would seem from 
the photographs that difficulty would be experi- 
enced in arranging plate edges in the line of flow 
and that a considerable cross flow would occur if, 
for example, the edges were parallel to the keel. 
He invited Professor Lindblad to add details of the 
method, including the chemical mixture, used to 
obtain the streamlines. 

Dr. S. Livingston Smith, referring to laminar flow, 
said that as the paper dealt with a methodical series, 
it might be expected that the results would follow 
a methodical plan; but he found it difficult to 
understand why, in following through a methodical 
series of block coefficients from 0-625 to 0-575, the 
L.C.B. did shift about in the manner indicated. It 
had been said that laminar flow could be present in 
models when the block coefficient was high, and 
that it might be present when the block coefficient 
was low ; thus there were two alternative arguments, 
that both a fine and a full model lent themselves to 
laminar flow. If Professor Lindblad could repeat 
some of his tests with a trip wire, he might be able 
to illuminate such, matters. It was fundamentally 
wrong to come to conclusions about the position of 
the L.C.B. if it were not known for certain whether 





there was a change from laminar to turbulent flow 
in some areas. 

Captain H. E. Saunders (U.S. Navy) described 
some tests on carefully checked models of varying 
fineness of after-body, to study the effect of after- 
body shape on thrust deduction, which showed that 
sometimes a result was obtained which was quite 
out of line with the other results. The experiments 
were made in the late 1930’s, and the cause of one 
“* wild” spot on the diagram had not been discovered 
even yet; that experience might explain some of 
the discrepancies mentioned by other speakers. 
When the experiments were made, it was not cus- 
tomary to question whether an orthodox 20-ft. 
wooden model had any appreciable amount of 
laminar flow; but, inasmuch as that model, in 
subsequent tests, had reproduced the same results 
exactly, it seemed that probably there was not 
laminar flow. 

Professor Lindblad, in a brief reply, said he was 
not prepared to say much about laminar flow. As 
to the size of models, he did not think anyone would 
be bold enough to recommend any special size. He 
had not received any advice as to what kind of 
instrument or device to use for introducing turbulent 
flow; the experimenters in various tanks, using 
20-ft. models, observed no difference when using a 
trip wire. However, he would test some of his 
models with a trip wire. 


Errect OF SHAPE OF ENTRANCE ON SHIP 
PROPULSION. 


Professor Troost’s paper dealt with experiments 
made during the war at the Wageningen tank, in 
Holland, on the resistance and propulsion of vessels 
of the coaster type, measuring 137 ft. in length 
between perpendiculars by 24-5 ft. beam and 9 ft. 
draught, and having a loaded speed in service of 
9} knots. Three shapes of entrance were investi- 
gated, namely, a normal bow form, a wedge form, 
and a bulbous-bow form. The shape of run re- 
mained the same in all three cases. Resistance tests 
were made at three draughts, and the effect of a 
trip wire, to induce turbulence, was also examined. 
The models used were 17 ft. long between perpen- 
diculars. 

The conclusions reached were that the form of 
entrance influenced the degree of laminar flow, 
even with large models, and that the use of a trip 
wire was advisable, even with large models, for a 
reliable comparison of ship forms. The differences 
in effective horse-power and shaft horse-power for 
the three models at service speed and at 100 per 
cent., 75 per cent., and 50 per cent. displacements, 
were comparatively small. The wedge form of 
entrance was found to be the least affected by 
variation in the diameter of the propeller and, with 
the normal form, was favourable from the point of 
view of propulsion. The best propeller diameter 
was 5 per cent. less than the optimum open-water 
diameter. At a service speed of 9} knots, the normal 
form gave the best results, the wedge form being 
2 per cent. worse and the bulbous-bow form, 6 per 
cent. worse. The effective wake factor for coasters 
was rather higher than for other single-screw cargo 
vessels. The Taylor wake factor could be taken 
as half the block coefficient, and the thrust-deduc- 
tion coefficient was about two-thirds of the wake 
factor. With a constant curve of sections, large 
variations in the form of sections in the entrance 
had little effect on the effective wake factor. 

Sir Amos Ayre suggested that, having regard to 
the block coefficient, the model discussed was 
probably over-driven at speeds beyond about 
8} knots; it was interesting to note, therefore, 
that there was still some laminar flow at 9} knots, 
which corresponded to a speed-length ratio of 0-812. 
It was possible that, at the lower speeds, say, 
about 7 knots, much reduced effective horse-powers 
might have been recorded had the trip wire not 
been present. He asked if the author could state 
the effect of the wire at speeds at which the model 
was not over-driven. Expressing satisfaction that 
the question of laminar flow had received such 
prominence, Sir Amos said that he believed that 
improved results were often obtained with models 
because a stage had been reached at which some 
laminar flow was introduced. During the war, he 
had had to handle a programme of merchant ship- 





building, and there was practically no case in which 
he did not obtain an improved result by increasing 
the prismatic coefficient. When an easier bilge was 
introduced, there was reduced resistance, and he 
believed that possibly the easier bilge led to laminar 
flow. In the mass production of certain types of 
ships, the orthodox model was altered to straigis- 
line form, and frequently, if not in all cases, 
improved results were obtained; he believed that 
again they had introduced laminar flow. 

Mr. J. L. Kent asked whether Professor Troost 
could say why the bulbous bow had a low resistance 
at low speed-length ratios ; hitherto, he had thought 
that low resistance could not be achieved with a 
bulbous bow. The paper showed also that the 
wedge-shaped and the normal forms had about the 
same value, and one of the diagrams indicated how 
dangerous it was to assume that, with a larger bow 
wave, there would be more resistance. 

Dr. E. V. Telfer observed that the wake diagrams 
in the paper showed a general reduction of wake 
with increase of speed, and asked how Professor 
Troost had determined the wake. Another feature 
of the wake investigations was that there was 
quite a distinct influence of propeller diameter ; 
the smaller propeller had a bigger wake and the 
larger propeller a smaller wake. The variation 
in diameter throughout the tests was not system- 
atic ; the biggest propeller had the biggest variation 
of pitch, and the smallest had a constant pitch. 
Dr. F. H. Todd also mentioned the apparent lack 
of correlation between the wave profiles and the 
total resistance. 

Dr. G. Hughes, who asked how the trip-wire 
resistance was measured, also referred to the 
experiments with propellers of different diameters 
and to the author’s conclusion that the best 
diameter for the class of coaster discussed was 
5 per cent. less than the optimum open-water 
diameter. That conclusion, he said, might be 
correct, but he felt that the data on which it was 
based rendered it a little uncertain; the three 
propellers, while differing in diameter, also differed 
appreciably in pitch, with the result that the 
revolutions increased appreciably from the largest 
to the smallest diameter. The results had been 
corrected for that, but it was impossible to correct 
the hull efficiency similarly. 

Mr. L. G. Stevens said that he had endeavoured 
to estimate the effect of the trip wire over the 
speed range, and he believed that it did not vary 
appreciably. Admittedly, the range of Reynolds 
numbers was not large ; but he would have expected 
the effect to have been much more marked at low 
speed than at the higher speed. If that were so, 
the result might be due more to some error in the 
elimination of the effect of the trip wire than to 
actual stimulation of turbulence over the rest of 
the model. It was of interest that though, at speeds 
of about 9 knots, the bulbous-bow form had a small 
resistance advantage over the V-shaped form, the 
advantage was completely reversed by reduced 
propulsive efficiency. It underlined the warning 
to be careful in accepting a form on account of a 
resistance advantage without regard to the charac- 
teristics of propulsion. 

Professor Troost, replying to the chairman’s 
comments, thought that a greater influence of lami- 
nar flow might be expected at the low speeds. He 
and his colleagues had done much work on the 
extent of laminar flow, and their opinion was that 
laminar flow could be expected even with large 
models, where there should be no suspicion of it 
at all. That had given rise to their policy of using 
a trip wire with every model they tested; it did 
no harm if there were no laminar flow, and, in 
many cases, it enabled them to avoid trouble if 
there were laminar flow. He agreed that laminar 
flow could be present if the bilge were considerably 
eased. He was partly in agreement with Dr. 
Hughes’s remarks concerning optimum propeller 
diameter. In view of the war conditions prevailing 
when the tests were made, it was impossible to 
design a special series of screws for the models, 80 
he had used the best old propellers available ; 
therefore, as Dr. Hughes had rightly pointed out, 
the analysis was not so perfect as it could have been 
if special screws had been made. Subsequently, 
however, they had made many series of specially 
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designed propellers, giving exactly the same number 
of revolutions at the same delivered horse-power, 
and these were used in current researches to deter- 
mine the optimum propeller diameter. Generally, 
the results from other vessels confirmed those given. 


WaVE-RESISTANCE CALCULATIONS aT HicH 
SPEEDS. 

The paper presented by Professor Lunde described 
an attempt to evaluate, for high speeds and from 
theoretical considerations, the wave resistance for 
a ship form similar to that of a destroyer. The 
method used was that of Professor T. H. Havelock, 
but the sources and sinks were partly distributed 
over a surface within the sides of the ship, and not 
all on the vertical plane of the centre-line, as was 
more usual, It was assumed that the water was 
incompressible and homogeneous, that its motion 
was irrotational, and that the wave height was small 
in relation to the length of waves; that a steady 
motion had been established with respect to the 
hull and could be represented by a finite non-con- 
tinuous distribution of sources and sinks; that the 
trim and sinkage of the hull did not influence the 
wave resistance ; that the water had a slight amount 
of friction, proportional to the velocity ; and that 
the total resistance could be separated into two main 
components, namely, frictional resistance and wave 
resistance, which did not influence each other and 
might be calculated separately. 

Mr. W. C. 8. Wigley, who opened the discussion, 
said that the important point which emerged from 
the author’s paper was that, in calculating with 
sources on the centre-line, the measured resistance 
was always more than the calculated resistance at 
the top speed ; that was attributed entirely to the 
trim of the ship. He had made measurements on a 
model, however, which was held from trimming, 
and had found that some of the discrepancy was due 
to trim, though not all of it. Professor Lunde’s 
results showed that, if the sources were distributed 
sideways, it was possible to account for more of the 
discrepancy, and probably all of it. That was a 
very important result, though not the sort of thing 
he would have expected. 

Mr. L. J. Rydill asked whether the advantage of 
the unconventional sink/source distribution, in giv- 
ing better agreement at high speeds, was due wholly 
to the fact that the sources and the sinks were dis- 
tributed off the middle-line plane, or whether that 
was merely fortuitous. Referring to Professor 
Lunde’s statement that it was difficult, if not 
impossible, to say what shape the sink/source dis- 
tribution off the centre-line plane would give, he 
thought that it must be a rather severe disadvantage 
never to be sure exactly what shape was obtained. 
Discussing the author’s comparison cf calculated 
and ed resistance, he suggested that the 
method of comparison used was somewhat illogical, 
in that not one of the curves was either wholly 
theoretical or wholly measured ; in other words, the 
measured curve had been corrected to a ship from 
the model results, using a skin-friction correction, 
and the calculated curves had had the skin friction 
for a ship added to them. He would have thought 
it better to keep one curve either wholly theoretical 
or wholly measured ; in other words, to compare 
the wave-making resistance deduced from the model 
with that calculated, or to compare the total resist- 
ance for the model with the total resistance estimated 
by the method of skin-friction correction, based on 
the caleulated curve. 

Mr. L. Woollard commented that Professor Lunde 
had given some very effective help to the Admiralty 
during the war in a practical direction ; the p.per, 
and some other work not yet published, showed the 
direction in which he had devoted his talents since. 
Dr. E. V. Telfer suggested that the author might try 
to extend his check on his own calculations by means 
of a 5-ft. model. 

Professor Lunde thanked those who had taken 
part in the discussion, and said that he would reply 
to them in writing. 

This conchuded the proceedings of Wednesday 
morning. In the afternoon, a party of the members 
visited the Dagenham works of the Ford Motor 
Company, and another party were conducted over 
the factory at Hayes, Middlesex, of Messrs. Electrical 
and Musical Industries, Limited. 

(To be continued.) 








THE INSTITUTE OF 
METALS. 
(Concluded from page 330.) 


Wuen the members reassembled on the morning 
of Thursday, September 16, in the Arts School, 
Bene’t-street, Cambridge, for the second technical 
session of the annual autumn meeting of the Institute 
of Metals, Sir Arthur Smout again occupied the 
chair, 


SECONDARY CRYSTALLISATION IN METALS. 


The first paper considered was entitled ‘‘ The 
Effect of Crystal Arrangement on ‘Secondary 
Recrystallisation ’ in Mefals.”” It was by Mr. J. S. 
Bowles and Dr. W. Boas and referred to work 
carried out in the School of Metallurgy of the 
University of Melbourne, Australia. The paper was 
presented by Dr. Boas. The authors stated that 
the effects, on secondary recrystallisation, of the 
amount of deformation and of the mode of arrange- 
ment of the crystals had been separated by studying 
this phenomena in specimens which had been given 
the same amount of deformation by two types of 
rolling, namely, straight rolling and compression 
rolling. In compression rolling, the rolling direction 
was random; each piss through the rolls being 
made in a different direction. Straight-rolled 
specimens possessed the usual type of preferred 
orientation, while the compression-rolled specimens 
possessed fibre structures. The experiments had 
been carried out using copper, silver and pure and 
commercial aluminium. It had been found that 
secondary recrystallisation could occur regardless 
of the mode of arrangement of the crystals but 
that it occurred the more rapidly the greater the 
similarity between their orientations. It had also 
been found that neither recrystallisation nor secon- 
dary recrystallisation altered the mode of arrange- 
ment of the crystals existing after deformation. 

The discussion was opened by Dr. E. Orowan, 
F.R.S., who stated that it had been believed, not 
so many years ago, that recrystallisation was one 
single physical process. At present, however, it 
was known that there were at least four different 
and well-defined mechanisms of recrystallisation ; 
there were four physical processes which, alone or 
in combination, determined the shape and size 
of the grains which arose on annealing in a previously 
plastically distorted material. These four processes 
were primary recrystallisation, grain growth, 
secondary recrystallisation, and polygonisation. 
Secondary recrystallisation was a very typical 
phenomenon. If aluminium were cold worked 
severely and then annealed, primary recrystallisation 
might be complete within a few seconds. After 
that, if the annealing were continued, a gradual 
movement of the grain boundaries was observed. 
This might last for hours or even for days, not 
accompanied by any other phenomenon, and then 
suddenly a number of grains would be seen growing 
very rapidly, and * “consuming,” as it were, the 
primary recrystallised grains as the primary grains 
had consumed the grains in the cold-worked material. 
This phenomenon of recrystallisation without inter- 
vening cold work was what was called secondary 
recrystallisation. It had been discovered in 1920 
by Masing but it had been a long time before its 
general importance was recognised. Polygonisation 
had been observed several years ago on X-ray 
diagrams, and two or three years ago Dr. Cahn, 
in the Cavendish Laboratory, had studied it in 
single ap of zinc. Last year, Dr. Guinier, in 
Paris, had discovered, by means of an ingenious 
X-ray method, that the sub-grains in recrystallised 
aluminium observed by Professor Lacombe were 
the product of a process of polygonisation, which 
seemed to be of very much greater general import- 
ance than had been anticipated. 

Dr. M. Cook said that the time had come, before 
the confusion became too great, to plead for care 
in the manner in which some expressions were used, 
and in the choice of the expressions themselves. 
Although the use of inverted commas in the title 
suggested that the authors had used the term 
“* secondary recrystallisation ” with some diffidence, 
it was unfortunate that they had used it at all. 
They were really discussing abnormal grain growth 





and not recrystallisation as metallurgists had hitherto 
understood the term. Many other terms and 
expressions were creeping into writings on this 
subject, and they were not always used with the 
same meaning, while some of them seemed to have 
no meaning at all. This was a matter which could 
be usefully considered by the Institute’s Nomen- 
clature Committee. The next speaker, Dr. J. C. 
Chaston, associated himself with Dr. Cook in deplor- 
ing the use of ‘“‘secondary crystallisation” as a 
new term. He added that although he admired 
Dr. Orowan’s exposition, he also felt that secondary 
recrystallisation had not yet been proved to be a 
new phenomenon, ‘“ Exaggerated grain growth,” 
a term employed by Bain and other workers for 
ferrous materials, was probably not so common 
in non-ferrous metallurgy as in ferrous metallurgy, 
and the hypothesis was that it was associated with 
the presence of impurities in the material. Thus, it 
occurred in aluminium-deoxidised steels much more 
commonly than in steels free from aluminium, 
and the hypothesis was that the aluminium particles 
acted to stop the grains from growing. In all 
aluminium-deoxidised steels the grain size was 
fairly small. The authors had said nothing about 
the thickness of their specimens and beyond stating 
that their copper was of commercial purity (about 
99-95 per cent.) and their silver sheet, 999 fine, they 
had said nothing about impurities, very small 
amounts of which had effects on recrystallisa- 
tion. 

Dr. F. C. Frary said that errors might be intro- 
duced in interpreting microphotographs by attempt- 
ing to decide what occurred in three dimensions 
from a view taken on a single plane. The next 
speaker, Dr. C. S. Smith, said that secondary 
recrystallisation, orsecondary grain growth, occurred 
only when ordinary grain growth either had stopped 
or was proceeding at an extremely slow rate. The 
authors had confirmed what had been known before, 
namely, that the presence of impurities made 
secondary grain growth more likely to occur. Dr. 
C. J. Smithells, who spoke next, reminded the 
members present that each tungsten filament in 
the electric lamps in the room was about 1 m, in 
length and consisted of about 20 crystals. They 
were produced under controlled conditions by the 
type of exaggerated grain growth now under 
discussion. That control was obtained entirely by 
the presence or the absence of impurities. Dr. E. 
Orowan, F.R.S., who again took part in the dis- 
cussion, said that abnormal or exaggerated grain 
growth was one’ thing and secondary recrystalli- 
sation was another. Grain growth was connected 
with the surface energy of a material. Secondary 
ne as appeared to be an entirely different 
process 

Dr. w. Boas, in reply, said that the type of 
discussion and criticism heard that morning, for 
which the Institute was famous, was rare in Aus- 
tralia, but it was hoped to foster it in the new 
Australian Institute of Metals. Secondary recrystal- 
lisation did not follow continuously on grain growth 
or on primary recrystallisation. Some of the grains 
grew; it was not a continuous growth of all the 
crystals and a coarsening of the structure. What 
happened was that some of the crystals, for some 
reason or other, just grew. 


ANNEALING AN ALUMINIUM-COPPER-MAGNESIUM 
ALLOY. 


The last paper considered at the meeting, entitled 
‘* Observations on the Annealing Characteristics of 
an Aluminium-Copper-Magnesium Alloy,” was by 
Dr. M. Cook and Dr. T. Ll. Richards, and described 
work carried out in the research laboratories of 
Imperial Chemical Industries, Limited, Metals Divi- 
sion, Witton, Birmingham. The authors stated 
that annealing curves of a heat-treatable aluminium- 
(4 per cent.) copper-(0-68 per cent.) magnesium 
alloy cold-rolled from annealed 1-in. thick hot- 
rolled stock, with reductions in thickness ranging 
from 15 per cent. to 90 per cent., all showed a 
marked hardening before softening, which occurred 
in two well-defined stages, and a final increase in 
hardness with increasing temperature above that 
required to obtain minimum hardness. The two 
successive steps in softening were due, respectively, 
to the removal of lattice distortion and to actual 
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recrystallisation. The final increase in hardness 
with increasing annealing temperature, which had 
been shown by all the annealing curves, was a 
result of copper and magnesium being taken into 
solution. As in other metals, increase in the magni- 
tude of the cold-rolling reduction of the fully- 
recrystallised alloy lowered the recrystallisation 
temperature. Cold-rolling resulted in a progressive 
increase in the degree of preferred orientation of 
crystals, which was unaffected by subsequent non- 
recrystallising anneals, namely, heating under con- 
ditions which effected recovery only. On solution 
heat-treatment at 500 deg. C., strip cold-rolled with 
a final reduction of 25 per cent. after a recrystallising 
anneal, recrystallised with a completely random 
orientation of crystals, whereas material rolled with 
final reductions of 44 per cent. and 88 per cent. 
recrystallised with a preferred orientation similar 
to that present in strip after cold rolling. 

The discussion was opened by Dr. H. Sutton, 
who stated that it had been realised by metallurgists 
for some considerable time that worked metals 
could be softened at temperatures lower than those 
at which recrystallisation could be detected by the 
methods more commonly employed to detect it, 
and also that very pure metals in the cold-worked 
state, showed unmistakable evidence of recrystalli- 
sation at quite low temperatures. The next 
speaker, Professor Alfred von Zeerleder said that 
some six or eight years previously the Swiss 
aluminium industry had ceased using the old 
orthodox method of producing their slabs for 
rolling by pouring the liquid metal imto cast-iron 
tilting moulds and had introduced, instead, the 
continuous casting As a result, a good 
deal of trouble in annealing and recrystallisation 
had been experienced with pure aluminium. There 
was no “earing” on the lips of deep-drawn con- 
tainers of 99-5 per cent. pure aluminium made from 
sheets produced from continuous casts and annealed 
at 400 deg. C., and the X-rays revealed a diffused 
orientation. When, however, the sheets were 
annealed at temperatures slightly below 275 deg. C., 
orientation resulted and there was well-defined 
earing on the edges of the deep-drawn containers 
produced. The authors’ experiments had been 
repeated, using the aluminium-silicon-magnesium 
alloy Anticorodal, to ascertain whether the results 
would be the same as those obtained with the 
aluminium-copper-magnesium alloy. The investi- 
gation had been finished in the previous week. 
With 90 per cent. cold-work, the same effect at 
200 deg. C. had been obtained and, at 275 deg. C., 
recrystallisation had occurred. The next speaker, 
Major P. C. Varley, thought that it was unfortunate 
that the system chosen by the authors was such a 
complicated one, as it was rather difficult to sepa- 
rate the phenomenon of age-hardening and the 
solution and precipitation of the various consti- 
tuents from the phenomena of recovery and recrys- 
tallisation. In a brief reply, Dr. T. Ll. Richards 
agreed with Major Varley that the material on which 
their work had been done was not ideal for studying 
such processes as recovery and recrystallisation, but 
it was material which they had been given to 
examine and was not their own choice. 

The President then intimated that the meetings 
for the discussion of papers had come to an end, 
and votes of thanks to all persons and organi- 
sations who have contributed to the success of 
the meeting terminated the proceedings. After 
luncheon, visits were paid to the Cavendish Labora- 
tory; the Royal Society Mond Research Labora- 
tories; the Research Laboratories of the British 
Welding Research Association, Abington ; and the 
laboratories and workshops of Aero Research, 
Limited, Duxford. In the evening, at 6 o’clock, 
Professor Sir Lawrence Bragg, O.B.E., M.C., F.R.S., 
delivered the 26th Autumn Lecture of the Institute 
at the Arts School, Bene’t-street, He spoke on 
‘‘ The Cavendish Laboratory,” and an outline of the 
lecture will be found on page 303, ante. The whole 
of Friday, September 17, was devoted to visits to 
Messrs. W. H, Allen, Sons and Company, Limited, 
and Messrs. W. H. A. Robertson and Company, 
Limited, Bedford, the Manganese Bronze and Brass 
Company, Limited, Ipswich, and the iron and steel- 
works, Corby, Northamptonshire, of Messrs. Stew- 
arts and Lloyds, Limited. 





LABOUR NOTES. 


THE 5s. weekly increase in the engineering industry, 
recommended by the recent court of inquiry, came 
into force from the beginning of the first full pay week 
after October 4. This was decided by representatives 
of the Engineering and Allied Employers’ National 
Federation and officials of the Confederation of 
Shipbuilding and Engineering Unions at a joint meetin, 
held in London on September 30. The court o 
inquiry figure was 1,600,000, but the Federation esti- 
mate that, altogether, some 2,500,000 employees will 
benefit by the advances, which include an addition of 
5s. to the weekly national bonus for all adult male 
employees, with increases in proportion for all appren- 
tices, youths and boys. It was also agreed that, in the 
few instances in which the district basic minimum time 
tates were below 3/. 6s. for skilled men and below 
21. 15s. for unskilled, these rates should be raised to 
those amounts. Men employed in districts to which 
this clause applies will, accordingly, receive additions 
varying from 9d. to 5s. weekly, in addition to the bonus 
increase of 5s. a week. 





The agreement stipulates that, in areas where the 
basic rates for semi-skilled employees are related, in 
practice or by custom, to the district rates for labourers 
and for skilled men, the recognised minimum difference 
will be continued. Similarly, in those areas where 
the bagic rates of skilled engineers are related to those 
of ski fitters, and the basic rates for skilled fitters 
are increased, adjustments will be made to maintain the 
agreed minimum difference. Arrangements were made 
to set up a joint sub-committee of the Federation and 
Confederation to consider the suggestions of the court 
of inquiry on the establishment of a new wage structure 
for the engineering industry. The sub-committee will 
also seek a solution to the problem of combining the 
bonus with basic rates. It is understood that discus- 
sions, between representatives of the Federation and 
of the Confederation, will be re-opened at an early 
date on the shipbuilding employees’ wage claims. 
Their original demand was for an increase of 15s. a 
week. Some 200,000 shipbuilders and _ repairers, 
including 50,000 in Scotland, are involved. 





The increased responsibilities of trade unions in the 
new social order were referred to by Mr. Herbert 
Morrison at a trade-union conference held in London 
on September 24. He said that more use must be 
made by the unions of scientists, consultants and 
specialists, if the unions’ interest in more production 
was to be made effective, and if their claims for a larger 
share in management were to be realised. The unions 
should be concerned to stress the privilege and joy 
of work and to draw the implications of full employ- 
ment, now that the right to work was realised in prac- 
tice. They must consider, not how much could be 
claimed, but how much an industry or a concern could 
stand, without damage to the general interest and the 
interest of the working population. Mr. Morrison said 
that anyone could put forward bigger and bigger 
demands and, for those who were always on the look-out 
for trouble, no game could be better. Then, if their 
impossible demands were rejected, there was a grievance 
to be exploited for political purposes. 





The socialisation of industry, said Mr. Morrison, 
meant practical jobs to be done by decent, sensible 
men and women. Parliament could, indeed, socialise 
the physical assets of industries, but it could not 
socialise the attitudes of the people employed in those 
industries to their jobs. That could only be done by 
the employees themselves but, without such a c 
of attitude, the socialisation experiment could not 
succeed. The right to bargain remained, but the 
need and justification for coercion and hard pressure 
against the private ry. pw ord had disappeared with 
the coming of a new type of employer in the socialised 
industries who could be depended upon not to use 
unfair pressure against the workpeople. Mr. Morrison 
emphasised the need for stepping up production and 
said that the greatest hope of improving living condi- 
tions was through more production per man-hour and 
per man-year. 





A number of resolutions approved at the Margate 
conference of the Trade Union Congress, urged the 
need for increasing production in industry, The Con- 
gress stressed the need for joint production committees 
which, it was stated, functioned in under ten per cent. 
of productive industry. It was recognised that there 
were shortages and bottlenecks, scarcity of raw 
materials and lack of man-power, but it was also felt 
that there were wastages and inefficiencies which joint 
production committees of employers and workpeople 
would assist industry to overcome. The increased 
production of armaments occasioned by the inter- 
national situation is another complication with which 





industry is faced. The core of the problem, as Mr, 
Morrison recognised in his address to the recent con- 
ference of trade unionists in London, seems to be how 
to raise the output of the individual. 





To consider these obstacles to output and to initiate 
a new drive to raise the level of production throughout 
industry, the General Council of the Trades Union 
Congress has decided to open a national production 
campaign, to commence with a special conference in 
London on November 18. Invitations to be present 
have been sent to nearly 1,000 delegates from the 188 
affiliated unions, whose combined membership exceeds 
7,790,000. The conference will direct the attention of 
the unions to the need for using to the full the existing 
resources of industry and for the prompt implementa- 
tion of the Margate resolutions. In particular, it is 
expected to investigate the causes of shortages and 
bottlenecks and how best to overcome these. It is 
hoped to hasten the formation of joint production com- 
mittees in other sections of industry. 





It is understood that the conference will consider 
the activities of workshop representatives and that 
proposals will be put forward for their further training, 
with a view to increasing their usefulness to industry 
and the trade-union movement. The conference of 
trade-union executives in London is expected to be 
followed by a series of smaller conferences of trade 
unionists with technicians, consultants and scientists. 
To secure their maximum effectiveness, the General 
Council desires to bring these conferences as close as 
possible to workshop level and it was originally intended 
to hold them on an industrial basis. A more recent 
suggestion was that they should take place in particular 
districts, with all the industries in each locality com- 
bining for the purpose. This, however, would deprive 
the conferences of concentration on problems peculiar 
to any one industry. A final decision has not been 
made. It will probably be left to the main London 
conference and may consist of a combination of both 
suggestions. 





Following the resignation of five of its seven members 
on September 30, the Iron and Steel Board, which was 
set up by the Minister of Supply in 1946 to advice him 
on the development of the industry, including price 
control, imports, production and distribution, is to be 
wound up and its functions transferred to the Ministry. 
Since only two of its members remain, both of whom 
are trade-union representatives, the Board nominally 
ceased to exist as from October 1. It is understood, 
however, that its members will meet from time to time 
during the next two months or so, to complete work 
already begun. The other duties of the Board will be 
discharged by its staff, all of whom are Ministry of 
Supply officials, acting under Mr. A. C. Boddis, the 
Board’s secretary and himself a permanent civil servant. 
The five members who resigned were the independent 
chairman, Sir Archibald Forbes, twe other independent 
members, and two representatives appointed by the 
British Iron and Steel Federation. 





In a statement issued on September 30, the Ministry 
said: ‘‘The members of the Iron and Steel Board 
were appointed until October 1 of this year. The 
Minister invited them to serve a further year but, with 
the exception of the trade-union members, they have 
told him that, in the changed circumstances likely in 
their view to arise from the Government’s proposals 
for bringing sections of the iron and steel industry 
under public ownership, they are not willing to con- 
tinue on the Board,” It was stated when the 
Board was formed, that the British Iron and Steel 
Federation had to co-operate on the definite 
understanding that neither the members of the Board 
individually, nor the Board as a whole, would be 
required to give advice on nationalisation. The Board 
did much useful work during its two years’ existence, 
in advising on the Federation’s 160,000,0001. develop- 
ment schemes, About two-thirds have been approved. 





Speaking at Leeds last Sunday, Mr. Hugh Gaitskell, 
Minister of Fuel and Power, said that it was the Gov- 
ernment’s wish to raise the coal export target for 1949 
to 23 million tons:. In addition, there would be an 
increased demand for coal for home consumption. 
This meant, added Mr. Gaitskell, that some 12 to 
15 million tons more coal must be produced in 1949 
than is the total production target for the present year, 
which was equal to an increase of over six per cent. 
Actually, the target’ for 1948, of 200 million tons of 
deep-mined ‘coal,’ is causing some concern. Unless 
much greater efforts are. made during the next twelve 
weeks, production will fall short of the target by several 
million tons. Man-power in the coal-mining industry 
is 25,000 short of the total expected and absenteeism 
has been increasing. 
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PLASTIC BENDING UNDER 
TENSION.* 
By Prorzsson H. W. Swirt, M.A., D.Sc., (Eng.) 
(Concluded from page 335.) 

To check the validity of the theoretical treatment 
and to find representative values for the coefficient of 
friction under practical conditions, the apparatus 
shown in Figs. 11 and 12, herewith, was designed and 
constructed. The apparatus was designed to bend 
strip metal up to 2 in. wide and up to 0-08 in. thick 
over a roller or pin while under controlled and measur- 
able tension, the ap tus being mounted in a torsion 
testing machine which provided the motive power 
and measured the applied torque. 

The working parts of the apparatus are carried in 
a frame f, consisting of two steel plates suitably spaced 
by bolts and welded to bridging — at top and 
bottom. When in operation, this frame is bolted to 
the faceplate m of the weighing head of a torsion- 
testing machine. Coaxial with this faceplate is a chain 
sprocket a, mounted on a squared shaft g, which can 
be coupled to the straining head of the testing machine. 
The chain c, which meshes with sprocket a, has gri 
g at its ends, to which are clamped the ends of the 
metal strip s under test. This strip forms a constituent 
part of the chain system and passes over a roller or 
eccentric pin at z, which it is constrained to embrace 
over an are of 180 deg. by a free roller h, of generous 
diameter. The roller or eccentric pin z is carried by 
ball-bearings in a tensioning head ¢t, which operates 
through a screwed rod and handwheelw. The reaction 
from this wheel is carried through a ball thrust- 
bearing 6 to a leaf-spring dynamometer d, which 
indicates the total tension in the screwed rod ona 
dial-gauge bearing on the overhanging end of the 
leaf-spring. 

The mechanical principle of the apparatus is simple. 
When the frame f is mounted in the torsion machine 
and the sprocket @ is rotated by the straining head, 
the test strip s is bent and straightened as it passes 
over the pin z. If the tension in the strip as it reaches 
the pin is Ty, and as it leaves the pin is T,, then the 
torque transmitted through the sprocket a, and, 
therefore, to the weighing mechanism of the torsion 
machine, is proportional to the difference T, — Ty 
between these tensions; while the force transmitted 
through the tensioning head t, and so to the dynamo- 
meter d, is their sum T,+ T,. Hence, by reading 
the dial gauge and the torque on the testing machine, 
the two tensions T,, T, can be individually determined. 

If the pin z is concentric with its bearings, it acts 
as a roller with negligible friction and rotates with the 
strip, so that the conditions of test are those of simple 
bending and straightening under tension. If, however, 
the centre ¢ of the pin (Fig. 13) is eccentric to the 
centre O of its bearings, it will only rotate into some 





* Paper presented at the Seventh International Con- 
gress for Applied Mechanics, held in London, September 
5 to 11, 1948, 
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oblique position, as indicated in Fig. 13, and 
will then remain stationary while the strip slides 
over it, the difference in tensions T,—T, over- 
coming the friction between strip and pin. If 
the radius of the pin is R and the eccentric 
distance OC =r, then, by the principle of 
moments, the obliquity @ of the centre line 
OC will be such that: T, (R—r sin thy 
° ms R + rsin 
rsin 9). Hence the tension wee ee 
can be found from the obliquity @, which can be 
measured by means of a —_ or protractor p (Fig. 12) 
mounted on the end of the eccentric shaft. The values 
of T,, T, can be determined, of course, as explained in 
the last paragraph, but this obliquity affords a useful 
check on the results. With the eccentric arrangement, 
the strip passes over the pin under conditions in which 
bending and friction are combined under the applied 
tension, and which, therefore, d_ closely 
(apart from the fact that the angle of embrace is 
180 deg. instead of 90 deg.) with those obtaining when 
metal is drawn over the lip of a die. 

When the apparatus is in use, a predetermined 
tension is applied by means of the handwheel w, and 
the squared shaft g is then slowly rotated by the testing- 
machine drive. As the strip passes over the pin 2, it 
stretches under the combined influence of plastic 
bending and tension, and the handwheel w is used to 
take up the stretch and maintain the required tension. 
This wheel must be operated, of course, in such a way 
as to avoid applying a torque about the axis mq of 
the testing machine, or a spurious measurement of 
T, — Ty would result. 

When a sufficient length of a strip has passed over 
the pin the test is stopped, the strip unclamped, and 
the necessary strain measurements made on the portion 
which has been bent and straightened during the test. 
The part of the strip which was (necessarily) bent when 
it was inserted in the machine cannot, of course, be 
used for these measurements, and care is taken to 
ensure that no premature bending occurs on the length 
on which the strain is to be measured. It is found con- 
venient and accurate to deduce the c in thick- 
ness of the strip from measurements of elongation, 
corrected for the small reduction in width which occurs, 
and, for this purpose, lines are scribed in a milli 
machine at intervals of a tenth of an inch along both 
edges of the strip. This scribing operation, of course, 
can be carried out on a number of strips, clamped to- 
gether, at the same time. 

The strip used in the tests was about 1 in. wide and 
either 0-038 in. or 0-080 in. thick. Tests were made 
on mild steel, brass and aluminium, having the tensile 
stress-strain characteristics shown in Fig. 14, herewith. 


ing to a die profile radius of }in. The scheme of test- 
ing covered three different frictional conditions, namely, 
with the pin concentric with the bearings, acting as a 
roller ; with the pin eccentric and without lubrication ; 
and with the pin eccentric, lubricated with graphite in 
tallow. The thinni uced by bending and 
straightening under any given value of the mean we 
tension was found to be the same for all practical pur- 
poses, whether the conditions were those of pure 
rolling or whether the strip was drawn over the pin 
against dry or lubricated friction. To show the general 
degree of consistency, the results for the thinner mild- 





steel strip are plotted in detail in Fig. 15, on page 358. 





The pins employed were 4 in. in diameter, co nd- | B 
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three frictional conditions and are so plotted in Figs. 
15 to 17, page 358. It will be seen that the experi- 
mental results all show similar characteristics, in de- 
scriptive agreement with theory ; a thinning is revealed 
which, to a first approximation, is proportional to the 
applied tension, but in which the rate of increase shows 
a tendency to fall away at higher tensions. 

The values of the back tension T, and the drawing 
tension T’, were calculated from the torque and total 
tension measurements and checked by the obliquity 
of the eccentric. When plotted together, they showed 
a relationship of the same type in all cases, and Fig. 18, 

358, may be regarded as representative. It will 
seen that this relationship also follows the general 
lines anticipated by theory. With a roller, the differ- 
ence T, — T, consists of a “ bending tension” which, 
as expected, is slightly less at higher applied tensions. 
With an eccentric pin, there is superimposed on this 
bending tension a “ frictional tension” which is propor- 
tional to the applied tension and is, of course, reduced 
by efficient lubrication. 

To make a quantitative comparison between the 
changes in thickness as measured and those predicted 
by theory and embodied in equation (7), page 335, ante, 
it is necessary to adopt for each metal a representative 
linear strain-hardening characteristic which approxi- 
mates as closely as possible with the true characteristic 
(Fig. 14) over the working range. The range covered 
by the present experiments is roughly that contained in 
Fig. 14, and lines have been inserted in the figure which 
appear reasonable for this purpose. It will be noticed 
that the curves in Fig. 14 are plotted as relationships* 
between the root-mean-square shear stress gy and the 
corresponding generalised distortional strain yg, the 
values of which are indicated in the diagram in terms 
of the true values of stress and extensile strain in simple 
tension. Under conditions where lateral strain is 
effectively suppressed, as is nearly true in the present 
case, the longitudinal stress p = gy +/8, while the 


extensile strain lo; kd = 2; so that the relation- 
Be 1 ° 
0 


: t. : J ec 
ship p = f + ¢loge is equivalent tog, = 5 + 5 te- 
Hence appropriate values for f and c can be derived 


from the lines drawn in Fig. 14. These values have 
been inserted in Table I, together with consequential 


TABLE I. 





Strain Hardening. | Coefficients. 





Basic 

Metal. ness, | Yield, 
5 4 Factor | Criterion) + B 

e. m ° ; 




















Mild steel ..| 0-038 | 14-2 116 0-57 | 0-95 | 0-25 
Mild steel ..| 0-080 | 18-0 100 0-76 | 0-52 | 0-08 
Tass --| 0-086 | 8-5 116 0-91 | 1°15 | 0-41 
Aluminium | 0-036 | 4-53 23 0-34 | 0-89 | 0-17 
Aluminium | 0-080 | 4-53 23 0-71 | 0-51 | 0-077 








values of.m, A and B for use in equation (7). Curves 
corresponding to these values have been superposed 
on Figs. 15 to 17 and marked I. 

These curves can only be compared quantitatively 
with the experimental results in so far as lateral strains 
are shown to have been completely suppressed in the 
plastic bending, a condition which would generally be 





* “Plastic Strain in an Isotropic Strain-Hardening 
Materia) * by H. W. Swift, ENGINEERING, vol. 162, page 
381 (1946). 





Those for other strips have been averaged between the 
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true in a drawing operation, but is a matter for observa- 
tion under the conditions of the present experiments. 
Measurements showed, in fact, that, under the bending 
and straightening operation, the width of the strip 
was reduced by a fraction which was roughly propor- 
tional to the thinning in each case, the percentage 
reduction in width being about one-eighth that in 
thickness for the thinner strips and about one-quarter 
for the thicker strips. 

It is not difficult to allow for such changes of width 
in the theoretical treatment. If the lateral strain 


€, = 1 €3, where ¢, is the thinning strain log, -f then 
it is easy to show (see Appendix, opposite) that: 
ole V}(3—3n +n) 


* 2-—n 





= pa, say. 


mY. Vi +n +n) 
ak 1l+n 


to 


When lateral strain is suppressed, n = 0, so that 


= loge (1 + €,) B, say. 


am yg Be 


and it will be found that = = Bs while the thinning 
strain lo EA : lo; z 

ei, toe « 
priate corrections are made to the curves I in Figs. 
15 to 17, they follow the lines marked IT. 





When the appro- 
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Under the higher tensions applied in some of the 
experiments, i ly with the brass strip, the 
tension T,, before bending occurred, was sufficient to 
overstrain the material and produce a considerable 
elongation. In such a case, the proper value for the 
yield stress f would clearly be that to which the strip 
had become strain-hardened under the initial tension 
T,, @ value which could be found from its strain- 
hardening characteristic in Fig. 14 for any measured 
initial elongation. With stress values f corrected in 
this way, the theoretical curves take the form shown 
as IIT in Figs. 15 to 17. It will be seen that the effect 
of this correction is most considerable in the case of 
the brass strip. 

Having regard to the approximate form of the 








assumed strain-hardening characteristics, and to the 
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intrinsic possibilities of error in thickness determina- 
tions derived from separate measurements of mean 
elongation and width and computed as a P nage 
of 0:036 in. in most cases, it is felt that genera. 
agreement between experimental results and theoretical 
curves is sufficiently to justify the theoretical 
treatment and to inspire confidence in its application 
to the conditions of drawing over the die profile, where 
bending is superimposed on other drawing strains. 

To compare the theoretical “ bending stress” with 
the difference of tension when bending over rollers, 
values for t) and tg have been calculated from the 
representative (linear) stress-strain curves and are set 
out in Table II, herewith, together with the corre- 
sponding values read from the several curves of the 
type shown in Fig. 18, opposite. It will be seen that 
the calculated and experimental values are always of 
the same order and show a similar diminution between 
t, and t;. The predicted values are generally high, but, 
having regard to the conditions of experiment, the 
correlation is considered reasonably satisfactory ; suffi- 
ciently so, at least, to confirm in principle the method 
of estimation. 

The effective values for the coefficient of friction 
when eccentric pins were employed may be estimated 
from the equation 


where @ is the angle of embrace BOA in Fig. 7, 
page 334, ante. According to theory, the drawing 
tension 

T, = To + Tg + Ty, 


where Ts is the bending tension and Ty, the frictional 
tension. Values of Ty can be read off Fig. 18 as 
intervals between the eccentric and roller lines for a 




















TABLE II, 
Thick- | Criter- Bending Tension, tons per sq. in. 
Metal. _ ion, 
a. m. 
to. j 
Calc. Exp. | Calc. Exp. 
Mild steel ..| 0-038 0-57 1-57 1-4 1-13 12 
Brass .-| 0-036 0-91 1-09 0-8 0:77 0-8 
Aluminium | 0-036 0-34 0-41 0-3 0-30 0-25 
Mild steel ..| 0-080 0-76 4-4 3-6 3-6 3-5 
Aluminium | 0-080 0-71 1-07 0-7 0-76 0-6 























given value of the initial tension T,, which is very 
close to the appropriate value of T,. Hence the 
frictional coefficient can be estimated from the relation 


> =e (: + z=) 
"= a T,/’ 
which, for a strip 0-038 in. thick, passing over a semi- 
circular arc on a pin of radius R, = 0-26 in., is 
pw = 0-34 loge (1 + ; 


Values of the coefficient of friction calculated in 
this way are shown in Table III, herewith, for the 























TABLE III. 
Coefficients of Friction. 
Metal. —— 
a. 

Dry. | Lubricated. 

Mild steel 0-038 0-12 0-040 

Brass .. a 0-036 0-13 0-022 

Aluminium .. 0-036 0-11 0-027 

Mild steel... 0-080 0-13 | 0-078 

Aluminium .. 0-080 0-08 0-029 
various strips, with and without lubrication. Since 
experience has shown that graphite with tallow isa 


rticularly efficient lubricant under conditions of this 
d, it is probable that values of y for other lubricants 
will generally lie within the indicated by the 
Table. The fact that the measured values of Ty were 
found, in each case, to be closely proportional to the 
back tension T, is evidence that the coefficient does not 
vary materially over a wide range of applied tensions 
and pressures, covering, in fact, the conditions of normal 
deep-drawing practice. 

The author wishes to place on record the contri- 
butions made by Mr. J. W. Harland, B.Sc. (Eng.), in 
the early exploratory work, and by Mr. G. C. Briggs, 
B.Eng., in the later experimental work and in the 
computations embodied in the paper. 


APPENDIX: Stress-StratIn RELATIONS. 


With the stress notation embodied in Figs. 19 and 20, 
Opposite, since p,= 0, the conditions are those of 
plane stress, and the representative stress gy is given by : 

a* = 3 (p? + p? — p, 2). (a) 


Since, under plastic deformation, the volumetric strain 
18 negligible, the representative (r.m.s.) distortional 








strain increment 5¢, is given by: 
(Byo)® = £(e? + €2 + €, €9). 


} | If the conditions are such that the narrowing strain e, 


bears a ratio n to the thinning strain ¢,, so that 
€, = és, then the above equation becomes : 


By)" = e2 lin+n® 


1 2(1 + n)*° ad 


5h, 


“+ = Bloge ‘4 Hence, provided that the 
2 


fraction » remains unaltered during the straining 
operation, 


Now, ¢; = 


He = Bowe 2 

where 

p- Via +n +n?) 

l+n é 

Assuming that the stress and incremental strain circle 
diagrams are similar, it follows similarly from equa- 
tion (a) that 
s 23 —3n +n? 

q Py, ear ae @—-a’ 
so that g, = « p, where 


V4 (3 — Sn +n 
a= : 
2-—n 








THE SO-CALLED METRIC SYSTEM.* 
By Dr. H. S. Rowett, O.B.E. 


Ir is a common error, even among the wise, to assume 
that the reverse of what is bad will be good; and it 
is a general characteristic of revolutionaries that they 
make what they call plans by what appear to be logical 
processes. Usually the plans are of national or inter- 
national scope and the logic is so imbued with ideals 
as to excite ridicule and the reproach of ideology. 
With these facts in mind we can see with sympathy 
how the metric system came into being. When the 
Revolution began, France was the most highly civilised 
nation in the world, with a standard of living unequa 
elsewhere. But the country had never had the unifying 
influence of our Norman Conquest and it suffered from 
a great diversity of laws, privileges, and customs. 
The country was in an utter confusion of arbitrary 
administration, with several provinces and parliaments 
more or less hostile to one another and with various 
weights and measures. The Revolution, to quote 
Mignet, “‘ brought everything to the condition of one 
state, one system of law, one people.” 

The metric system is not discussed by the well-known 
historians of the Revolution, but the mentality of the 
time may be recaptured in the fantastic calendar of 
the Republic which took effect at the autumn equinox 
of 1792—the beginning of the year 1. Everything 
precedent was to be a back number. The Christian 
Calendar and Sabbath were abolished and a week of 
ten numbered days was introduced. At first it was 
planned to have each day subdivided on a decimal 
basis, but this proved impracticable. On account of 
Solar and lunar periods it was not convenient to 
decimalise the weeks, of which there were three in each 
month, or the months, of which there were twelve, all 
named by a poet according to the seasons. This pre- 
posterous measure of time came to an end early in the 
first Empire, after a troublesome run of 13 years. 
In 1790, the second year of the Revolution, the National 
Assembly appointed a committee to decide whether 
the seconds pendulum, or a fraction of the earth’s 
meridian or of the equator, should be used as the basic 
unit of length. The committee decided on the ten 
millionth part of the meridian quadrant and this unit 
was named (unhappily, as Thomsen and Tait thought 
in 1886) the metre. The determination was carried 
out on the line Dunkirk-Barcelona, two degrees east 
of Greenwich. That the determination proved to be 
in error has given unreasonable pleasure to various 
critics of the metric system, but the desired result was 
achieved in 1799 with the legal definition of the metre, 
the litre and the gramme. In 1801, these became 
compulsory throughout France. 

Despite the centralised controls of the Napoleonic 
times, adoption of the metric system was very slow, 
and in 1837 an Act carrying severe penalties was passed 
to enforce its use in France as from New Year’s Day, 
1840—half a century after the appointment of the 
Assembly Committee. On the Continent generally no 
appreciable spread of metric ideas occurred until 1871, 
when the creation of Bismark’s German Empire, after 
a victorious war, gave the psychological opportunity to 
standardise the various pound weights used in the 
several German States. This was a shrewd measure, 
giving all Germany one Pfund—equal to half a kilo- 





* Contribution to a discussion on the Metric System 
in Section G of the British Association, at Brighton 
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gramme—without favouring the existing standard of 
any one state. The rapid rise of modern Germany 
with its scientific and technical development and, above 
all, the copious and excellent literature that poured 
from German publishing houses, left the smaller 
European Countries no choice. By adopting the 
metric system they had at their disposal convenient 
units of measurement at small cost under the agis 
of the two leading Continental nations. By the end 
of the Nineteenth Century the metric system was law 
in almost all of Europe. The Czecho-Slovak republic 
came into line in 1922 and Russia, hitherto a user of 
the English foot, followed in 1927. Britain and the 
United States, after many discussions, have remained 
permissive, so that metric units may be used wholly or 
partly at will. One famous English firm changed to 
metric—except for screws and nuts—in 1893, but in 
1920, for businesss reasons, returned to the inch. 

It should be emphasised that, although the metric 
system is legalised all over Europe, it does not follow 
that only metric measures are used. From Cadiz to 
Cologne the standard wine bottle is one-sixth of the 
Imperial gallon, as in Britain and America, and this 
bottle is halved and quartered. In the country, dis- 
tances are measured in Stunden of about three miles 
and land is usually expressed in Morgen—the amount 
of land that a team of oxen could plough in a morning. 
But above all, from Sweden to Switzerland, numerous 
firms of the highest standing manufacture, for home 
and export, fine precision gauges, screw-thread equip- 
ment, jig borers, and ball bearings in standard inch 
sizes. In 1914, the bulk of the bolts and nuts on Con- 
tinental railways were to standard Whitworth sizes 
and in Germany, in recent years, workmen could often 
be heard speaking of half-inch bolts; this a century 
and a half after the first meeting of the National 
Assembly Committee. Even the jeweller’s carat, 
which might seem to be an easy object for metric 
methods, stood out until about 1930, and was then 
made equal to 200 m.g., or 3-085 grains. In the textile 
industry the position is obscure. On June 12, 1948, a 
large store offered, in a London paper, French rayon 
muslin 34 in. wide. As this width is neither in yards 
nor metres, further inquiry was made and the vendor 
explained that the muslin was of French manufacture 
and was offered as 34 in. wide because the stock varied 
from 34 in. to 36 in. in width. 

To scientific workers, whose main concerns with force 
and matter are indirect through calculation and instru- 
mentation, the advantages of the metric system are 
obvious. By the evolution of our digits we have 
decimals at our finger-tips. But if we had developed 
only eight digits we should have been happier and more 
efficient with a notation of radix eight. The great 
majority of human beings are not concerned with calcu- 
lations and therefore decimal systems offer them no 
advantages. On the contrary, by reason of symmetry 
and the notion of balance, equality, and sharing, which 
runs through so much of life, division into halves, 
quarters, eighths and so on, is more natural and easy 
to most people. Bisection is simply and easily per- 
formed with great accuracy ; congruence is an obvious 
test of precision. Pliable materials such as paper, 
leather, and cloth, can be folded into twos and threes 
to give accurate and convenient divisions. The metric 
countries still use the 8vo, 12mo, 18mo of the book 
trade. The common needs of life in food and drink 
can be halved and quartered with simple means and 
the accuracy of division can be tested without weights 
by a simple balance. The thirty-two points of the 
mariner’s compass form a natural division to the 
steersman, and it is a striking fact that decimal coinages 
seem to break down into halves and quarters for the 
convenience of users. In 1786 to 1792 the American 
revolutionaries led the world with a decimal coinage, 
but to-day they have “ quarters” or two “ bits.” 
In France and Germany before inflation there were half 
francs and half marks as well as pieces of five. 

In the division of angles, decimal or centesimal 
graduation has made little headway. The circle of 
360 deg. is said to come from the Chaldeans, each 
degree corresponding closely to the earth-Sun daily 
motion on the Ecliptic; but the simple properties of 
the elementary triangles and the ease of bisection are 
obvious reasons for the established system. 

The unrestricted decimalisation that runs through 
the metric system, although useful for calculations, is 
not the only evidence of unpractical ideology on the 
part of its founders. The choice of unit as a decimal 
submultiple of the earth’s perimeter and the decimal 
derivation of further units with their Greek and Latin 
polysyllabic denominations bear no direct relation 
to human needs or faculties. The capacity of the 
stomach and the size of the hands and fret have 
brought units into use which are convenient for meat 
and drink and work. Not even a Continental chemist 
asks for his liquor in cubic centimetres; and it is a 
striking fact that, in French and German engineering, 
the centimetre is never used for the measurement of 
length. For small work the millimetre, and for large 
work the metre, are usual. This is a safeguard against 


ite workshop error, but it is elvviaiinlay' inconvenient 


to have only two units with a ratio of 1,000 to 1. 

In practice, the decimal structure of the metric 
system breaks down in most revealing ways. For 
example, the pitches of screw threads, usually expressed 
in English as so many threads per inch, are given in 
the metric tables in millimetres and often in half and 
quarter millimetres. In the same way, when speaking 
of rough accuracy and packing strips, the half and 
quarter millimetre are used. The human mind needs 
units that are handy and of a size which are suited to 
the work, so that the number of units is not excessively 
high. Thus the spectroscopist uses the Angstrém for 
measuring wavelengths, and the astronomer uses light- 
years for measuring great distances, while the mariner 
uses the nautical mile, equal to one minute of arc at 
theearth’sequator. Forthe everyday work of industry | 
the inch is a much more convenient unit than the 
millimetre and it has been used by mechanics of almost 
every nation for centuries. 

The decimal basis of the metric system is convenient 
for calculations, but there are so many constants required 
in modern science that complete sim — cannot be 
achieved. We cannot avoid the use of g, 7, J and many 
other ratios that come into modern work. Against 
the convenience of decimals must be set the very 
marked inconvenience in practice of having to specify 
units in long names. Whereas in Anglo-Saxon trade 
and business almost every unit is a simple mono- 
syllable—inch, foot, yard, mile, ounce, pound, ton, 
pint, quart, and so on, in the metric system we have 
multi-syllabic units that need careful enunciation. 
We give a stress in lb. per square inch, whereas the 
German uses “‘ kilogrammes pro quadrat centimeter.” 

Looking back over a century and a half, we cannot 
close our eyes to the slow advance of the metric system, 
apart from scientific circles. The rapid development 
of the typewriter, bicycle, motor car, aeroplane and 
a thousand other inventions at once demonstrates that 
human beings are not averse from innovations; and 
the steady growth in membership of the Metric Conven- 
tion during the past seventy years, including such 
countries as Serbia, Rumania, Costa Rica, Guatemala, 
and Honduras, to name only a few, shows that non- 
industrial countries with undeveloped metrologies are 
attracted by the logical simplicities of the metric system. 
To estimate in a brief study what the present ten- 
dencies and prospects are would be impossible, quite 
apart from the effects of the recent war in China and 
Russia. Even India with the Hath, of 18 in., is open 
to speculation. But one fact of overwhelming weight 
must be stated. In the Anglo-Saxon countries, where 
the inch and pound are used, the volume of industrial 
production is not only greater than in all the rest of 
the world put together, in certain fields of manufacture 
the output is more than twice as great as in the 
remainder. When all the equipment, standardisation, 
spare-part stocks, and handicraft skill that have 
contributed to this conspicuous superiority are consi- 
dered, the suggestion of a universal adoption of the 
metric seems unpractical and unreasonable. 
An American, at any rate, might well retort to any such 
proposal ‘ Metric system—amy foot !” 





PaRSONS MEMORIAL LECTURE.—The North-East Coast 
Institution of Engineers and Shipbuilders have arranged 
to hold the 1948 Parsons Memorial Lecture at 6.15 p.m., 
on Friday, December 10, at the Literary and Philosophi- 
cal Society Lecture Theatre, Newcastle-upon-Tyne. The 
lecture will be delivered by Dr. T. W. F. Brown and his 
subject will be “‘ British Marine Gas Turbines.” 


Ral TRANSPORT OF 110-Ton StTator.—A 110-ton 
stator has recently been transported by rail from 
Newcastle-upon-Tyne to Coleshill Station, Birmingham. 
As it exceeded the loading gaugé it was transported in 
stages on Sundays and special arrangements had to be 
made by the traffic departments. It was necessary for 
the stator to be re-located at a number of places in order 
to negotiate sharp curves and pass under bridges, and 
some signals had to be removed temporarily. The 
stator was one of 7,560 exceptional and over-gauge loads 
which have been transported by the London Midland 
Region during the past twelve months. 


ANGLO-AMERICAN STEELMAKERS’ AGREEMENT.—The 
exclusive American rights in the use of a British steel- 
casting process, for the production of alloy-steel com- 
ponents for turbo-jet aeroplane engines, have been 
granted to the Lebanon Steel Foundry, Lebanon, Penn- 
sylvania, U.S.A. Under the terms of the new arrange- 
ment, the Pennsulvania Alloy Steel Casting Company 
become the sole American licensees for the production of 
highly-alloyed centrifugal castings made possible by the 
“Centri-Die Casting” process developed by Firth- 
Vickers Stainless Steels, Limited, Staybrite Works, 
Sheffield, 9. The process, it is stated, is adapted to the 
production of castings in high-melting point alloys and 
steels ranging from carbon-steel grades to the new high- 
alloy types recently developed. 
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601,829. Rip-Cord Device for Parachutes. Cambridge 
Instrument Company, Limited, of London, and W. J. 
Stallan, of London. (3 Figs.) October 4, 1945.—This 
invention is a rip-cord operating device for parachutes, 
and its object is to ensure automatic action in the event 
of the wearer being unconscious, while permitting 
operation to be performed by the wearer if conscious. 
A spring-driven clockwork motor is provided, embodying 
a train of gears. -The highest speed spindle a of this 
train carries a radial member terminating in a projecting 
piece 5 lying parallel to the spindle. This projection, 
which may be termed catch No. 1, is used to stop the 
train from rotating until a cord is broken as the result 
of the wearer of the parachute leaving the aeroplane, 
allowing a stop member ¢ which holds it to move. This 
member ‘consists of a springy wire bearing on a rigid wire 
stop d carried by a spindle e. This prevents any possi- 
bility of damage to the catch when it is being set. When 
the spindle e is rotated in clockwise direction from the 
position shown, the catch No. 1 is released and the highest 
speed spindle a makes about half a revolution, the 
projecting nese 6 then coming into contact with the 
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end f of a lever g operated by an aneroid chamber h, this 
assembly being termed catch No. 2. If the pressure 
exceeds a predetermined amount, however, this catch is 
inoperative, i.e., the projecting piece b is not arrested by 
the end f. When catches 1 and 2 are both released, the 
train runs, thus giving a time-delay in accordance with 
the extent to which a winding disc has previously been 
turned. The winding spindle j of the train carries a 
disc having a depression cut in its periphery, and the end 
of a cranked lever is arranged to fall into this depression 
at the end of the predetermined period, in so doing 
tilting a releasing lever d, this mechanism forming 
catch No. 3. Immediately after this, a projection on the 
disc makes contact with a fixed stop and the clock is 
stopped. The long lever q which is released by catch 
No. 3 is pivoted at u and carries a small spring-urged 
pivoted latch v. The latch v retains a plunger w in 
the position shown, with a spring 2 strongly compressed 
within a barrel x. Release of the spring 2 is effected by 
release movement of the smajJ] latch v, which, in turn, is 
effected by the movement of the long lever g. When 
the spring 2 is released it pushes out the plunger w and 
exerts a strong pull on a Bowden wire 3, this effort 
being used in the opening of the parachute. (Accepted 
May 13, 1948.) 


PUMPS. 


600,339. Centrifugal Pump. Franks and Saunders, 
Limited, and H. J. Franks, both of Wolverhampton. 
(1 Fig.) October 29, 1945.—The invention is a centri- 
fugal pump having a shaft of uniform diameter through- 
out, save for a few shallow grooves, and baving its im- 
peller hub and its bearings of anti-friction type located 
on the shaft by Circlips at their ends engaging in the 
grooves. The outer races of the bearings may be located 
similarly in their housings by expanding Circlips or 
split rings. It is particularly applicable in small “‘ end- 
suction ” pumps in which the impeller is overhung. In 
the end-suction pump shown in the drawing, the pump 
has its shaft 1 supported in two ball bearings 2, 3 spaced 
apart along it but both on the same side of the pump 
casing 4. The outer races of the bearings 2, 3 are carried 
in a cylindrical shell 5 formed in the base frame 6 carrying 
the pump and are located on their outer sides by end 
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plates 7, 8 closing the shell, the plate 7 being recessed to 
receive a shaft-sealing device 9 giving protection against 
the ingress of liquid along the shaft. The sbell 5 is also 
provided with a grease nipple 10. The inner races are 
located by Circlips 11, 12 engaging the shaft on the 
adjacent ends of the races. The overhung end 13 of the 





S$ 
x 


‘ 
Ypsainusrastily 


SSSSSSS 
th 


Ssssy Ess 


shaft 1 passes through a gland 14, mounted in the pump 
casing 4 and carries the impeller hub 15 close to its end 
between two Circlips 16, 17 engaging in grooves in the 
shaft. The Circlips employed are preferably flat split 
annuli requiring but narrow grooves in the shaft and 
affording abutments of substantial depth for the parts 
to be located. (Sealed.) 


MISCELLANEOUS. 


601,354. Friction Clutch. Reavell and Company, 
Limited, of Ipswich, Suffolk, and T. T. Mayers, of Ipswich, 
Suffolk. (2 Figs.) November 6, 1945.—This invention 
is a friction clutch which can be engaged and disengaged 
by the application of very small forces. <A V-belt driving 
pulley 1 is mounted freely on a bearing 2 formed by the 
boss of a flywheel 3. Until the clutch is engaged, the 
pulley 1 runs freely on the bearing 2. A pair of clutch 
shoes 4 lined with suitable material, are pivoted on two 
pins 5 carried by the flywheel so that they can be brought 
into contact with the inside of the projecting rim 6 of the 
pulley 1 which forms the driving clutch drum. That 
part of each pin 5 on which a shoe is mounted is slightly 
eccentric relatively to that part which passes through 
the flywheel, to provide adjustment for wear. The 
shoes are connected together by a pair of toggle links, 7, 9, 
the knuckle 8 of which is nearer to the axis of the flywheel, 
than are the points of attachment of the links to the shoes. 
If, therefore, the flywheel assembly is rotated, centrifugal 
force acting on the toggle will tend to force the shoes into 
contact with the rim 6 against the tension of a spring 10 
which connects the shoes together. <A clutch actuating 
lever 11 is hinged on a pin 12 in a pair of bosses 13 on 
the flywheel. The upper arm 14 of the lever carries a 
ball 15 which is engaged in a bore in the knuckle of the 
toggle. The other arm 17 of the lever is forked and 
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is provided with pins 18 which engage in a groove 19 in 
the boss of a knob 20 mounted to float freely on the shaft 
21 on which the flywheelis keyed. To engage the clutch, 
a relatively light pressure is applied by hand to the 
knob 20 so as to move it towards the flywheel. This 
movement tends to straighten the toggle and brings the 
shoes 4 into contact with the rotating pulley rim 6. This 
causes the flywheel assembly to be rotated, whereupon 
centrifugal force immediately acts upon the toggle to 
increase the pressure between the shoes and the rim 6. 
When the clutch is to be disengaged, the knob 20 is 
pulled out. The mechanical advantage of the lever 11 
is such that only a small force is necessary to cause the 
shoes to be pulled away from the rim 6. Immediately 
contact between the shoes and the rim 6 is lost, the 
speed of the flywheel assembly drops and the centrifugal 
force acting on the shoes through the toggle diminishes, 
so that the spring 10 can hold the shoes out of contact 
with the rim. A guard 22 is fixed to the knob 20 and is 
weighted at 23 to prevent it from being rotated when the 





clutch is engaged. - (Sealed.) 
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COUNTERBALANCE TESTS 
ON AMERICAN HIGH-SPEED 
LOCOMOTIVES. 


(Continued from page 174.) 


In the foregoing paragraphs, the procedure of the 
investigation carried out on the I.C.R. Mountain- 
type locomotive was described with some atten- 
tion to detail, not only because it was representative, 
as regards the main plan of experimentation, of the 
procedure followed with the locomotives tested 
subsequently, but also because the apparatus and 
methods of experiment adopted present a good 
deal of intrinsic interest, besides facilitating critical 
assessment of the reliability of the results obtained 
and the soundness of the conclusions drawn from 
them. As has been mentioned, moreover, one or 
two items of measurement proved to be either 
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impracticable or uncertain, while others yielded 
results of so little significance as not to justify their 
continuation in subsequent work. On the other 
hand, a few directions were indicated in which 
additional measurements could be made with 
promise of instructive results, and they were carried 
out in tests of other locomotives as circumstances 
allowed or demanded. 

Most of these modifications are exemplified by 
the second programme of trials which was carried 
out in the spring of the following year (1942), so as 
to avoid testing on a frozen roadbed, upon a 4-6-2 
Pacific-type Class H-3 locomotive, No. 729, of the 
Minneapolis, St. Paul and Sault Ste. Marie Railway 
Company, more familiarly known as the “Soo” 
Line. Leading particulars of this locomotive are 
summarised in Table VI, herewith, for comparison 
with those listed in Table I, on page 172, ante. 
The engine had Walschaerts valve gear and conven- 
tional motion. 

The first series of tests were conducted on the 
engine in its original condition, as built by the 
American Locomotive Company in 1911. 
spoked driving wheels, straight balanced, and had 
50 per cent. of the reciprocating masses balanced, 
from which the dynamic augment at 91 m.p.h. was 
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calculated to be 5,000 lb. for the right-hand driving 
wheel and 22,400 Ib. for the left. To compare 
straight-balancing with cross-balancing, the engine 
was fitted for the second test series with Boxpok 
main driving wheels. The reciprocating compensa- 
tion was again 50 per cent. but the cross-balancing 
altered the dynamic augments at 91 m.p.h. to 
13,200 lb. in the right wheel and 20,200 Ib. in the 
left. For the third test series, the engine had 
46-6 per cent. reciprocating balance, the main 
drivers being cross-balanced and the balancing 
generally being in accordance with A.A.R. recom- 
mended practice. The reciprocating compensation 
was reduced to 31-3 per cent. in the fourth test 
series, evenly distributed among all the coupled 
wheels. This led to a substantial reduction in 
driving-wheel hammer-blow, accompanied by in- 
creases up to 118,500 Ib. in the longitudinal shaking 
force (which was 90,600 Ib. in series 1); and up to 
104,800 lb. (from 101,200 Ib.) in the force of the 
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nosing couple, referred to the counterbalance planes. 
The reciprocating compensation was reduced to 
22-5 per cent. equally distributed, for test series 5 ; 
and finally to zero in the sixth series, under which 


TABLE VI.—Data of 4-6-2 “‘ Soo”’ Line Locomotive 
No. 729, in Working Order. 





Engine. Tender. 


bogie aii come Eight wheels .. 36 in, dia. 
oe - Wheelbase -. 19 ft. 10 in, 
See oe .. 148,800 Ib, 
Cou; wheel- tin tes Water .. .. 7,500 gallons 
( A heel- " - Coal . 12 tons 
base . 


Weight Oi getinikns Complete Locomoti 

on 1m) motive. 
coupled wheels 166,100 Ib. 

Total weight .. 271,100 Ib; Overall length.. 76ft, 113 in. 


Mean 
sling week 1,737 1h, Maximum height 15 ft. 6 in. 
Two .. 25 in. bore Total weight .. 419,800 Ib. 
2 e. Tractive effort.. 36,883 Ib. 


stroke 
Boller pressure 200 Ib. per ——— 
sq. in. sion .. 4-3 


Weight 





It had | condition the calculated driving-wheel hammer-blow 


was just over 2,000 lb. in each wheel at 91 m.p.h., 
the associated fore-and-aft oscillating force being 
168,000 Ib. and the nosing couple force 122,400 Ib. 





at the balance planes. For all except the first series, 
the driving-wheel centres were of Boxpok pattern, 
but the other coupled wheels were of the spoked 
type throughout. 

The main additional measurements made during 
the tests of the 4-6-2 locomotive comprised records 
of strain in the horizontal members of the equalising 
linkage on each side of each main driving axle, from 
which the variation of sprung load was deduced ; 
and measurements of drawbar pull between the 
engine and tender. The latter were achieved by 
means of magnetic strain gauges, adapted to work 
(with increased accuracy) on 8-in. gauge lengths, 
mounted on each side of the central parallel portion 
of the drawbar. Accelerometers were mounted, as 
before, at extreme positions on the engine ; and, in 
addition, with the object of ascertaining the extent 
to which fore-and-aft shaking was transmitted from 
the locomotive to the train through the drawgear, an 
accelerometer was attached to the front end wall of 
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the baggage car, which was marshalled immediately 
behind the tender and served to house oscillograph 
apparatus. High-speed records from this accelero- 
meter revealed vibrations of moderate amplitude 
ranging up to about +0-5g. at frequencies of 
approximately 70 cycles per second, but they could 
not be related to angular position of the engine 
cranks. Throughout all six series of tests, more- 
over, the accelerometer records did not indicate any 
fore-and-aft oscillations of the car due to the 
unbalanced reciprocating mass of the engine. 

As regards acceleration on the engine itself, the 
records showed values which, on the whole, were 
considerably greater than those measured for the 
4-8-2 engine of the earlier trials. The greatest 
accelerations on the 4-6-2 engine were vertical, 
measured at the right-hand end of the front buffer 
beam, where values exceeding 4g were recorded at 
high running speeds, the range varying from about 
2g up to nearly 8g in the sixth test series. Moderately 
large lateral accelerations, covering a range of 
nearly 4g (that is, +29 approximately) were mea- 
sured at the rear end of the main frame below the 
cab, and these were apparently uninfluenced by 
successive changes in reciprocating compensation. 
They did, however, show a definite relation to 
crank angle, but of a rather complicated sort, 
indicating that a one-cycle per revolution accelera- 
tion in phase with the nosing couple was modified 
by a three-cycle per revolution acceleration corre- 
sponding to the fluctuation of vertical acceleration 
at the right-hand front corner of the engine frame. 
This three-cycle phenomenon was found to be 
markedly affected by the steam pressure, as will 
be evident from the two graphs of Fig. 8, herewith, 
which refer, respectively, to the condition of engine 
steaming and drifting, in both cases at about 
75 m.p.h. with 46-6 per cent. reciprocating com- 
pensation. The three-cycle effect was even more 
striking when the engine was steaming at the 
highest speeds, but it was not observed at any 
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position other than the right-hand front corner. 
In particular. at the centre of the front end of the 
frame, the records of vertical acceleration showed 
numerous random fluctuations during a wheel 
revolution, with no indications of being affected 
by the changes in reciprocating compensation 
throughout the six series of tests. No explanation 
could be advanced to cover all features of the 
three-cycle pattern of vertical acceleration, but, on 
account of its dependence on steam forces, it was 
concluded that the phenomenon was unlikely to be 
primarily associated with changes in counterbalance. 

With the Soo Line 4-6-2 locomotive, the experi- 
ment was made of measuring the stresses in the 
pedestals of the main driving wheels with the engine 
working under steam at several speeds. The 
pedestal is the vertical member of a bar frame 
which serves as an axlebox guide, and the magnetic 
strain gauges were mounted on the front and rear 
faces remote from the axle, at the level of the centre 
line of the axle in its neutral position. Thus a 
thrust in the connecting rod tended to indicate 
tension in the gauge on the rear pedestal, while a 
tension in the rod acted to produce tension at the 
gauge on the front pedestal. At high speeds of 
test, peak stresses were usually well below 10,000 Ib. 
per square inch; and, while the relation between 
stress and crank angle was not well defined, there 
was evidence of twisting of the axle by the nosing 
couple. During successive changes of balancing, 
some variation took place in the range of maximum 
and minimum stresses, but there was no obvious 
trend toward increase of stress due to reduction of 
reciprocating compensation. The stresses in both 
pedestals at each end of the axle were predominantly 
tensile, peak values being invariably in that sense, 
as would be expected. The interesting thing about 
the effect of engine speed is that peak pedestal 
stresses were higher at 9 m.p.h. than at 90 m.p.h., 
and occurred at different crank angles. At 30m.p.h., 
the periodic fluctuations of pedestal stress were 
similar to those measured at 9 m.p.h., but the peak 
values were smaller. Experiments at diameter 
speed, with the engine respectively steaming and 
drifting, disclosed that the stress variations during 
the drifting run resembled those for the engine 
steaming at high speed; whereas those for the 
test with engine working at diameter speed resem- 
bled more closely those for the tests with engine 
working at 9 m.p.h. and 30 m.p.h.. At every speed 
of test, the most marked peaks of stress occurred 
in the front pedestal on the right-hand side of the 
engine and in the rear pedestal on the left, in both 
cases at a right-hand crank angle of 330 deg. to 
360 deg., when the locomotive was travelling at 
high speed. The former of these effects, that is, 
at the right-hand side, can be interestingly related 
to the cyclic variation of force in the right-hand 
connecting rod at high speed, which is illustrated 
by Fig. 5, page 173, ante. Although that curve 
refers to the I.C.R. 4-8-2 locomotive, it is essentially 
similar to the corresponding curve for the Soo 
Line 4-6-2 locomotive; and, in particular, both 
curves show a peak tensile force in the rod at a 
right-hand crank angle of about 330 deg., the 
magnitude being 72,000 lb. for the 4-6-2 engine, as 
against 63,000 Ib. for the 4-8-2. 

Analysis of the records of strain in the equalising 
levers on each side of the main driving wheels 
revealed two main characteristics. In addition to 
a fairly well defined trend towards diminishing 
range of variation as the revolving unbalance was 
reduced, the sprung load showed a one-cycle varia- 
tion during each driving-wheel revolution, which 
was quite similar from one revolution to another, 
and was evidently related to the vertical out-of- 
balance component. Thus, when the dynamic 
augment was downwards, increasing the load on, 
and consequently depressing, the rail, the sprung 
load on the driving wheel decreased ; and vice versa. 
When, however, the revolving unbalance was very 
small, as in test series 6, the curve representing 
variation of sprung load assumed an irregular 
shape, reflecting the two-cycle fluctuation of force 
along the connecting rod. In addition, a gradual 
cyclic change in the sprung load, observed to persist 
through several revolutions of the driving wheels, 
was attributed to the influence of roll of the engine 
superstructure on the springs. Analysis of the 





heaviest rolls experienced in representative test 
runs showed that, in general, roll was not greatly 
influenced by the variation of reciprocating un- 
balance, the predominant cause of rolling being 
inequalities of the track as regards constancy of 
level, cross-level, and lateral alignment. One 
consequence of this dependence on track was that, 
in average measurements of the time of successive 
rolls at a particular place on the test track, the 
periods were 1-34 seconds and 0-90 second, 
respectively. 

The records of drawbar pull were incomplete 
to the extent that the strain gauges on the drawbar 
between engine and tender registered only tensile 
(that is, forward) forces: the buffing gear relieved 
the drawbar of compressive (rearward) forces. 
Consequently, the mean effective drawbar pull could 
not be determined, and the specimen curves for the 
extreme conditions of reciprocating counterbalance, 


TABLE VII.—SvumMMARY OF MEAN MAXIMUM AND 


sprung load, upon the rail stresses. These variations 
partly explain the departure of the measured rail 
stresses from the calculated values. The rang: 
of rail stress due to the measured variation of sprun:: 
load under the two main driving wheels, at speeds 
ranging between 84 and 89 m.p.h., is indicated 
in Fig. 10, page 361, by the width of the band 
between the sinusoidal dotted lines. The scatter 
of the plotted points is a good deal greater than the 
range of sprung-load effect, showing that the effects 
of random impacts and of lag of the measured 
stresses with respect to the calculated disturbing 
forces were considerable. When allowance was 
made for the scatter of observations attributable 
to factors other than counterbalancing, the agree. 
ment between calculated and measured stresses 
at the centre of the base of the rail was regarded as 
remarkably good, especially when the revolving 





unbalance on the engine was large. At diameter 
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reproduced in Fig. 9, on page 361, show only the 
positive pull without the negative or buffing portion 
of the curve. The curves are plotted from the mean 
results of strain records from five revolutions in 
each of five test runs at 85 to 95 m.p.h. It will be 
seen that they exhibit general similarity despite 
the fact that, in a single run, the shape and 
maximum ordinate of the drawbar strain charac- 
teristic varied considerably in successive revolu- 
tions of the driving wheels. It may be remarked 
that, with progressive decrease of unbalance on 
the engine, the crank angle at which maximum 
drawbar pull occurred also decreased progres- 
sively from about 120 deg., in test series 2, to 
about 60 deg. in test series 6, while the peak value 
of the pull increased from 87,000 Ib. to 100,000 Ib. 
These values may be contrasted with the cal- 
culated maximum forward force on the engine 
for a speed of 91 m.p.h., which increased from 
91,000 lb. in tests series 2 to 168,000 lb. in tests 
series 6,.and occurred at a right-hand crank angle of 
30 deg. for all tests. The force producing longitu- 
dinal acceleration of the engine at any instant is 
the resultant of the drawbar pull or buff and the 
longitudinal disturbing force due to the engine 
mechanism. Good agreement was obtained between 
the measured and computed values of those accelera- 
tions, the range of which varied from about 0-6 g in 
series 1 up to 1-2g in series 6. The fluctuating 
longitudinal force or “ shuttling ” effect transmitted 
from the locomotive to the train was less increased 
by the reduction of reciprocating compensation than 
was expected. Nevertheless, the riding qualities of 
the engine, judged by observers in the cab, were con- 
sidered to deteriorate noticeably and progressively 
throughout test series 4 to 6, during which the recip- 
rocating compensation was reduced from 31 per 
cent. to zero. After the first few high-speed runs of 
series 6, well-defined diagonal marks were noted 
on some engine wheel flanges, particularly those 
of the rear coupled and trailing wheel at the left- 
hand side, at a level which indicated that the wheels 
might be lifting about half an inch above the rail. 
Fresh flange marks recurred after each run and the 
high-speed runs were accordingly restricted to 
90 m.p.h. 

A feature of the measurements made on the 4-6-2 
engine was the possibility of taking into account the 
effects of roll, and of the consequent variations in 


speed, about 77 m.p.h., there was little difference 
in rail stress, whether the engine was steaming or 
drifting; and, generally, the characteristics of 
stress in relation to rotation of coupled wheels were 
similar to those discussed for the I.C.R. 4-8-2 loco- 
motive. The greatest rail stresses were a little 
lower when a large proportion of reciprocating mass 
was balanced, but the differences, either in extreme 
value or range of stress, were not significant, as is 
apparent from the comparison between Table VII, 
herewith, and Table V, page 174, ante, relating to 
the 4-8-2 locomotive. 

The range of stress between the high and low 
values was attributed mainly to factors other than 
counterbalancing, although Table VII shows a 
slight reduction from series 1 (50 per cent. recipro- 
cating compensation) to series 6 (zero compensa- 
tion), due to the effect of the rear coupled wheels 
on the bending moment in the rail developed under 
the trailing wheel. The rail stresses under coupled 
wheels were somewhat higher than those under the 
trailing wheels, the highest mean value being 
22,000 lb. per square inch tensile under the left main 
driving wheel at about 90 m.p.h. for series 1 tests 
with large reciprocating compensation. The asso- 
ciated range of tensile stress, from a minimum value 
of 1,000 Ib. per square inch, was 21,000 Ib. per 
square inch. In this respect, as in other main 
characteristics, the rail stresses under the coupled 
wheels of the 4-6-2 locomotive were comparable 
with those, shown diagrammatically in Fig. 8, for 
the 4-8-2 locomotive. In particular, the progressive 
diminution of rail stress with decreasing recipro- 
cating compensation, and the consistently greater 
stresses under the left-hand coupled wheels, as 
compared with those under the right-hand wheels, 
were noteworthy features. 

(To be continued.) 





ANGLO-AMERICAN AERONAUTICAL CONFERENCE.— 
Arrangements are now being made by the Royal Aero- 
nautical Society and the Institute of the Aeronautical 
Sciences for the second Anglo-American Aeronautical 
Conference, which will be held in the United States in 
the late spring of 1949. Full details of the arrangements 
and the programme will be published as soon as possible ; 
meanwhile, however, members of the Royal Aeronautical 
Society who propose to attend the conference should 





inform the secretary, 4, Hamilton-place, London, W.1. 
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In the case of another Greenwich instrument— 
the Airy transit circle—which incorporates a mercury 
pool for an artificial horizon, some trouble has been 
experienced in observing level and nadir because 
the mereury pool sometimes gave no image at all, 
sometimes two or three images. By covering dif- 
ferent parts of the objective, it was established that 
different parts of the pool gave different well-defined 
images, and another pool has had to be substituted. 
The complete explanation of this unexpected effect 
has not been discovered yet, but it can be concluded, 
meanwhile, that all such instruments should have a 
mercury pool that can be readily reversed for periodic 
testing of the behaviour of the surface. 

Reflection defects of another sort have been 
interrupting observatory work with the Yapp 
reflector. This instrument has a 36-in. mirror, 
considerable areas of which have lost their coating. 
Although, together with all the mirrors, it was 
aluminised in May, 1946, after an alcohol wash its 
reflection coefficient was found to be no better than 
about 30 per cent. The large mirror was therefore 
re-silvered last April, but surface blemishes have 
remained visible on the glass. They are attributed 
either to defective aluminising or to chemically- 
active dirt that may have affected the glass prior to’ 
aluminising and previous silvering treatments. A 
Metropolitan-Vickers evaporating plant, for apply- 
ing reflecting coatings, was installed at Greenwich a 
short time ago, with which satisfactory mirrors of 
chromium, aluminium and gold have been achieved. 
Experiments are now being made with gold alloys, 
and the present intention is to install at Herst- 
monceux @ larger evaporating plant which will coat 
mirrors up to 36 in. in diameter. Re-treatment of 
the Yapp reflector, therefore, will be postponed until 
that instrument is transferred to the new site, and, 
during the interim, its effectiveness must be seriously 
reduced, on account both of the state of the mirrors 
and of indifferent success that has attended attempts 
to bloom the prisms and lenses of the spectrograph, 
which is primarily an ultra-violet instrument. The 
experience gained with the evaporating plants, how- 
ever, will prove valuable when the time comes to 
design a similar plant for the Isaac Newton 100-in. 
telescope. 

Another new instrument design project that has 
made progress during the year is the mirror transit- 
circle; a model of this has been constructed, in 
which the usual counterpoise weights are replaced 
by floats in mercury troughs. The pivots are in- 
verted so that the axis lies below the Ys, and the 
instrument is floated up into the Ys by operating 
small plungers in auxiliary cylinders. The pivot 
load can be very delicately controlled and very 
smoothly applied by this method; in principle, 
indeed, it can be readily reduced to zero every time 
the circle reading is to be changed, though probably 
a low loading will be found adequate and more con- 
venient in practice. The idea is stated to have com- 
mended itself so strongly to Dr. de Barros, of 
Oporto, who visited the Observatory last year, that 
he is proposing to incorporate it in a mirror transit 
circle which he is now designing. 

The beneficial results of instrumental improve- 
ments and re-conditioning, supervised by the 
Observatory staff and carried out in its own work- 
shops, are exemplified by the Bamberg transit, 
now installed at Abinger. The pivots have been 
chromium-plated and then hand-lapped in conjunc- 
tion with extensive ‘‘ Mikrotast’”’ measurements, 
the eventual departure from perfect circularity being 
only a few hundredths of a micron. The behaviour of 
the chromium plating appears to be a somewhat un- 
certain factor, but, so far as can be judged by visual 
inspection, it is resisting wear satisfactorily. The 
accuracy of operational measurement, including all 
errors of reading, is now so high that the observa- 
tions of a whole night frequently fall well within an 
overall range of one second of arc. This accuracy 


marks a substantial improvement on the best that 
has been obtained hitherto with small transits at 


nection that the Bamberg is a ‘“‘ broken” transit, 
whereas the others are “‘non-broken,” and conse- 
quently suffer from the drawback that the striding 
level must be continually removed and replaced, 
with risk of affecting the zero reading. Moreover, 
they have the serious disadvantage that the level can 
be placed on the pivot only in certain positions, 
which consequently suffer more than average wear. 
A scheme for hanging the level by long Invar rods, 
so that it can stay permanently in place, is under 
consideration, and some work has been done also 
on an optical levelling method, involving a mirror 
mounted on a reversible pendulum as a standard 
vertical plane. 

At Abinger the new control room, which has taken 
three years to complete, is now in full operation and 
the experience gained, both during its development 
and its present use, will be of great value in planning 
for future requirements at Herstmonceux. The 
old control room is to be used for pendulum clocks 
and also for a quartz vibrator clock, obtained from 
the Physikalische Technische Reichsanstalt, which 
has had its short-term performance investigated at 
the Post Office Radio Branch Laboratories and will 
have its long-period stability determined at Abinger 
after it has been fitted with the original German 
phonic motor and new divider equipment. Apart 
from this particular experiment, there are six quartz 
clocks in regular use at Abinger, 12 at Greenwich, 
and others maintained by the Post Office and the 
National Physical Laboratory, making a total of 
nearly 30 oscillators among which, by intercom- 
parisons of the apparent times of reception of the 
1000 GBR signals sent out from Rugby, the most 
satisfactory crystals can be identified and used either 
as primary standards or for the prediction and con- 
trol of signals. 

The use of precision clocks at four separate 
establishments has brought out a number of impor- 
tant points. One is that the magnitude of signal 
erratics and errors of radio reception can be esti- 
mated by statistical analysis of the reception times 
of the GBR signals at the different time stations. 
Hence, by applying the corrections to a clock which 
has not contributed to their assessment, an indepen- 
dent estimate of the uniformity of the adopted time 
system may be deduced. During 1946, for example, 
the mean deviation, from a smooth curve, of the 
GBR signals was reduced from 0-9 to 0-4 milli- 
second, which is further reduced to 0-3 millisecond 
if correction is applied for lag in the land line from 
Abinger to the transmitter at Rugby. Again, at 
the end of 1946, the mean absolute value of the error 
in radio reception, measurement and other local 
errors, was between 0-3 and 0-2 millisecond ; 
whereas, by the end of 1947, the erratics were too 
small to be detected by the analytical methods, and 
were estimated to be no more than about 0-1 milli- 
second. 

The astonishing precision and long-term accuracy 
of the best crystals is now adequate to demonstrate 
effects due to the earth’s polar motion. These 
effects arise in the following way. If the earth’s 
rate of rotation were perfectly constant, polar 
motion would introduce spurious error in a perfect 
clock not situated on the Equator, since all meri- 
dians must pivot about their mid-points when the 
poles move. As long as clocks could not show such 
an effect, it was immaterial whether the zero 
meridian was regarded as pivoting about Greenwich 
or about its midpoint on the Equator; and in the 
former case—the one actually assumed—the longi- 
tude of Greenwich itself could be permanently zero 
by definition. In view of the clocks now available, 
however, it has become inexpedient to continue this 
convention. Instead, the actual longitude of 
Greenwich must be regarded as fluctuating about a 
mean value of zero. If the polar movement could 
be known promptly, allowance for the displacement 
of the meridian would permit a more certain assess- 
ment of clock performance. To study this question, 
regular measurements of the latitude of Washington, 
observed with a photographic zenith tube, have 
been sent lately by airmail to Greenwich and the 
corrections derived from them are practically suffi- 
cient (since the latitude of Washington, 77 deg., is 
nearly 90 deg.) for the assessment of frequency 
drift. To compute final Greenwich mean time, the 





Greenwich ; but it should be remarked in this con- 


effect of polar motion is re-introduced. The time 








is, thus, that of the actual, variable, meridian, and 
any arbitrariness in the adopted polar motion is 
almost completely eliminated. The explicit polar 
correction is now published in ‘Times of Recep- 
tion ” for the benefit of the many users of precision 
time signals who are more concerned with their 
uniformity than with their astronomical significance. 
If the polar motion could be computed in advance, 
however, and included in the Nautical Almanac, it is 
probable that only the uniform time would be 
employed, and, of course, it would ‘be called 
Greenwich mean time. Unfortunately, this cannot 
be done at present and the difficult question of 
what to call the corrected G.M.T. remains under 
consideration. 

The resumed publication by the French Bureau 
de l’Heure of data relating the time finally adopted 
at 14 observatories to the mean of them all, shows 
that in 1946 the final Greenwich times were very 
smooth and closely correct, the extreme range 
being from +15 to —37 milliseconds. Only the 
time-differences for Greenwich and Washington 
plot smoothly enough to justify further correction 
for polar motion based on the International Latitude 
Variation for 1946 ; and, if that correction be made, 
the curve showing ‘‘ Greenwich minus Mean ” time 
becomes a steady linear drift from 0 to —20 milli- 
seconds throughout the year, while the corresponding 
curve of “‘ Greenwich minus Washington ” shows a 
steady value of +40 milliseconds during the first 
three months of 1946, followed by a drift from 
+40 to +10 milliseconds in the second quarter, 
and finally a steady value of +10 milliseconds 
throughout the last six months of the year. The 
Greenwich drift might be due, in principle, to errors 
in the other 13 observatories, but this is unlikely, 
since the ‘‘ Washington minus Mean” drift is in 
the opposite direction. Moreover, the “‘ Greenwich 
minus Washington ” values cannot be explained on 
that hypothesis, especially the drift of 30 milli- 
seconds in three months, which exceeds any pro- 
bable lag in reception. These comparisons are 
mainly of academic interest at present in demon- 
strating that the observatories at Greenwich, and 
to a slightly inferior degree, at Washington, exhibit 
the greatest regularity of timekeeping; but evi- 
dently they will become of enhanced importance as 
instrumental accuracy increases. 

The 2-megacycles daily frequency transmission 
from Abinger, originally introduced to provide a 
convenient means of comparing the various clocks 
used for the time service, is now widely used, and 
its actual numerical frequency is estimated from 
daily comparisons of the Abinger standards by 
means of a frequency comparator of very high 
accuracy. The Droitwich 200-kilocycles trans- 
mission can also be compared with any of the Abinger 
standards by the use of a special receiver which 
incorporates a new type of synchronised oscillator. 
The whole question of standard frequency trans- 
missions in this country is at present under considera- 
tion, and the Observatory is co-operating with other 
departments. concerned in formulating proposals 
for a standard frequency service that will carry 
superimposed time signals. A practical difficulty 
which may arise at Herstmonceux is interference 
with radio by the radar station at Pevensey, which, 
actually, is not in operation at present. To antici- 
pate what may need to be done, some tests have 
been carried out in the neighbourhood of a similar 
station at Bawdsey, where interference was found 
to be less than was expected and such that reception 
sites could be selected within two miles of the station. 
The conditions are not quite parallel, however, and 
further tests will be made near Pevensey when that 
station is in full operation. Since the proposed 
standard frequency service and a reserve Time 
Station may be established in the Rugby district, 
tests have also been made there, at a position some 
two miles from the Post Office Radio Station, in 
the direction of the B.B.C. transmitter at Droitwich, 
to ascertain what interference must be anticipated 
from the Rugby high-power transmitters. They 
have proved that reception of the normal range of 
foreign radio time signals are free from significant 
interference. While the equipment was near 
Rugby, the opportunity was taken to film oscillo- 
graph records of the GBR time-signal dots, without 
the interposition of a radio receiver. They have 
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been compared with the build-up of the signals at 
the output of the long-wave receivers at Abinger. 

Regular observations at Abinger of the terrestrial 
magnetic elements include absolute measurements 
every week-day of declination, of horizontal intensity 
with the Schuster-Smith coil magnetometer, and of 
vertical intensity with the Dye coil-magnetometer. 
The Royal Observatory completed a century of 
photographic recording of the variation of the 
magnetic elements on September 27, 1947. Mean 
values for last year, compared with those for three 
previous years, are tabulated below as being of 
, ene interest, but do not exhibit any remarkable 
eatures :— 





Horizontal 
Intensity. 


Declination Vertical 
(West). Intensity, | inclination. 





deg. 
10 
9 


9 
9 


nin, 

° 0-18566 
0-18573 
0-18569 
0-18577 


0-43189 
0-43207 
0-43235 


59- 
51- 
43- 0-43246 

















Weekly reports of the magnetic character of each 
day are communicated to a number of geophysical 
research centres. During the year under review, 
there were 15 magnetic disturbances reaching the 
dimensions of a “‘ storm,” of which three attained 
the severity of ‘‘ great storm.” 

Three solar flares of major importance, reckoned 
as being of intensity 3 on tne International Scale, 
were also observed during the year. The spectro- 
helioscope, used for this class of work, was much 
restricted by poor weather conditions, and on 
31 out of 162 days observations with it were limited 
to only a few minutes. Nevertheless, a total of 
81 solar flares was detected, and, on ten occasions, 
line of sight velocities of absorption markings 
associated with solar flares were observed to exceed 
100 kilometres per second, the greatest of them being 
170 km. per second outwards from the chromosphere. 
From May 16 to 30, and July 29 to August 7, 1947, 
solar flares were frequent, though few of them were 
both intense and prolonged. One of the “ great” 
magnetic storms, which began on July 17, was most 
probably related to an intense solar flare of more 
than three hours’ duration. It was notified on the 
previous day to the Astronomer Royal by the Direc- 
tor of the Carter Observatory in New Zealand. 
This particular incident exemplifies a- general 
research, which is now actively in progress, into the 
contribution of flare-active sunspots to the statistical 
relationships between sunspots and geomagnetic 
storms, involving measurements of the size of 
sunspots and the time of their central meridian 
passage. Other examples of the influence of solar 
activity on terrestrial magnetism have occurred 
in the form of geomagnetic crochets, recorded on the 
magnetograms at Abinger and indicating bursts of 
ultra-violet radiation synchronous with visible 
solar flares. 

Exchange of information on these and related 
subjects plays an important part in ensuring the 
fullest possible extent of observation. There is a 
long ing arrangement, with this object, whereby 
the Brentwood radio station of Messrs. Cable and 
Wireless, Limited, reports directly to the Royal 
Observatory any radio fade-out while it is in progress. 
Other ionospheric daca are supplied by the Radio 
Research Station, the Post Office and the British 
Broadcasting Corporation. In the other direction, 
the Observatory supplies sunspot data to twelve 
research centres, five of which are immediately 
notified of the occurrence of any solar flare of 
intensity 3 or greater, while the Solar Physics 
Observatory at Cambridge is also informed of any 
unusual chromospheric activity. All these regular 
exchanges are in addition to an informal liaison 
over solar observations in general, which is main- 
tained between the Observatory and other interested 
bodies such as the Cavendish Laboratory and 
scientific Government departments. 

A number of interesting values are disclosed by 
the analysis of the meteorological observations 
carried out by the Royal Observatory. Continuous 
registration is made of atmospheric temperature 
and pressure, evaporation, wind velocity, rainfall, 
sunshine and cloudiness at night. For use at 
Herstmonceux, a night-sky camera has been 
constructed which gives satisfactory results with an 


ordinary spectacle lens instead of the more usual— 
and expensive—camera lens. During the year 
there were 45 “cloudless” nights, on which a 
completely unbroken trace of the star 8 Ursae 
Minoris was obtained by the night-sky camera. 
No trace of the star was photographed on 61 nights, 
while on a further 36 nights the record was not 
more than 10 per cent. of that possible. The total 
duration of bright sunshine, on the other hand, 
amounted to 1,530 hours, representing 34 per cent. 
of the total theoretically possible. 

Among the other meteorological figures for the 
year ended April 30, 1947, are some records for 
temperature and rainfall; the mean temperature, 
for instance, was 53-0 deg. F., which is 3-3 deg. F. 
higher than the average for 100 years up to 1940, 
and constitutes a record for warmth. All months, 
without exception, had mean temperatures well 
above the average, and this in itself is a rare 
circumstance which has not happened since 1911. 
The highest shade temperature of the year, 
93 deg. F., was registered on June 3, and marked 
one of three occasions on which the Stevenson 
sereen temperature exceeded 90 deg. F. Screen 
temperatures exceeding 80 deg. F. were recorded 
on 32 days, of which 12 were in August, while four 
occurred in each month from May to September. 
If, however, “‘ open screen” temperatures are con- 
sidered valid, as was the case until the end of 1937, 
the number of days with temperatures above 
80 deg. F. is increased to 49, and days above 
90 deg. F. to nine; in each case, these numbers 
are without precedent in the Greenwich series. 
The lowest temperature of the year was 21 deg. F., 
on December 1, 1947. Temperatures of 32 deg. F. 
or below were recorded on only 27 days, ten of 
which were in February. In contrast with the 
coldness of that month, March had no frost at all. 

The total rainfall during the year was 17-228 in., 
which is 7-102 in. less than the average for 100 
years. Rainfall exceeding 0-005 in. was recorded 
on 147 days, the wettest month being January, 
with 3-21 in. The last six months of the period 
were the driest on record, the total rainfall of 
6-26 in. being below the previous lowest total of 
1921 by 0-33 in. The months chiefly responsible 
were August, with 0-09 in., and October, with 
0-14 in.; these values are the lowest for those 
months of the year in the whole of the Greenwich 
records. The mean horizontal movement of the 
air was 244 miles a day, which is 13 miles below 
the average for the 50 years from 1867 to 1916. 
The greatest daily movement was 723 miles, on 
January 13; the smallest 25 miles on February 29. 
The maximum wind pressure, recorded on March 31, 
amounted to 36-2 Ib. per square foot. 

A concluding item of somewhat general interest, 
mentioned in the Astronomer Royal’s Report, 
concerns a visit which his chief assistant, Dr. R. d’E. 
Atkinson, recently made to Germany and Austria 
to reorganise the Kanzelhohe Observatory. British 
troops occupying that neighbourhood built an 
observatory tower on the Gerlitzen Gipfel, nearly 
400 m. higher than the original observatory, and 
cen it they constructed a dome, of which the pieces 
were close at hand but not yet assembled. The 
ooronograph from the Kanzelhohe Observatory has 
been transferred to this new tower, since it was 
not very effective at the lower level, while among 
various other pieces of equipment that have been 
modified or adjusted is a spectrohelioscope, which 
has been arranged for instantaneous conversion to 
a spectroheliograph and slightly altered so that the 
whole of the sun’s disc can be viewed at once. With 
the friendly co-operation of the Austrian astrono- 
mers and authorities concerned, arrangements have 
been made for results of solar observations at the 
new tower on the Gerlitzen Gipfel to be sent to 
London, Washington and several other interested 
establishments. In case of need, such information 
and photographs will fill gaps in the Greenwich 
Observatory series. 





MEMORIAL SERVICE FOR THE LATE MR. J.S. Dow.— We 
have been asked to announce that a Memorial Service for the 
late Mr. J. 8S. Dow, who was closely associated for nearly 
40 years with the work of the Illuminating Engineering 
Society, will be held at the King’s Chapel of the Savoy, 
Savoy-street, Strand, London, W.C.2, at 12 noon on 
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THE WAR EFFORT OF VICKERS- 
ARMSTRONGS LIMITED.* 


By Commanprr Sm Rosert MickieM, C.B.E., 
R.N, (ret.). 


In 1935, the Government of the day decided ‘o 
embark on a re-armament programme. At that tim, 
the Vickers-Armstrongs Company consisted of tle 
shipyard, engineering and armament works at Barrow. 
iene, the shipbuilding yard at High Walke:, 
Newcastle-upon-Tyne, the engineering and armame: 
establishment at Elswick, the two southern works «i 
Crayford and Dartford, the Whitehead torpedo works 
at Weymouth, and the two main aviation works «+t 
Weybridge and Supermarine, Southampton. At tlic 
end of the 1914-18 war, Vickers Limited and Armstrong 
Whitworth Limited were two separate companies, and 
both went through very difficult times owing to tlic 
lack of orders of a type suitable for their manufac- 
— facilities. In 1928, Vickers-Armstrongs Limited 
was formed as a joint company to take over certain 
assets of both Vickers and Armstrong Whitworth, and 
the total share capital of Vickers-Armstrongs was 
acquired in due course by Vickers Limited. When, in 
the middle of the thirties, the threat of war appeared 
on the horizon, Sir Charles Craven—then chairman 
and managing director—felt convinced that capital 
ships would have to be built at the Walker Naval Yard, 
and he persuaded the board to allow him to spend a 

of between 90,0001. and 100,000. on the erection 
of a 250-ton hammer-head crane capable of handling 
gun mountings of the heaviest type. 

Those hectic few years before the outbreak of war 
in 1939 were used to expand the capacity of the com- 
pany for the production of armaments in all sorts of 
ways. New workshops were built on vacant sites in 
the existing works, old workshops were pulled down 
and rebuilt to give improved facilities, new machine 
tools were installed, and additional personnel were 
recruited. In 1937, the Service departments were 
anxious to expand still further the armament pro- 
duction and the Admiralty purchased Scotswood 
Works from Armstrong Whitworth, and rented them 
to Vickers-Armstrongs, who proceeded to lay out the 
establishment for the production of several specialised 
types of armament which were required urgently by the 
three Services. At the beginning of 1934, Vickers- 
Armstrongs were employing 17,000, whereas at the 
outbreak of war the numbers had risen to nearly 
59,000. During the war, vast further expansions were 
necessary to meet the ever-increasing demands of the 
Services. These included the aircraft factory at Castle 
Bromwich, near Birmingham, the two large aircraft 
factories at Blackpool and Chester, a new gun-mounting 
factory at Openshaw, Manchester, factories for the 
production of fuses, cartridge cases, variable-pitch 
propellers, and variable-speed gears, in Durham, and 
a host of smaller undertakings. Vickers-Armstrongs, 
at the peak period of the war, were carrying on opera- 
tions in 350 premises of various sizes and characters, 
scattered up and down the country. In addition, 
sub-contracting was resorted to on a very large scale. 

In addition to Vickers-Armstrongs, there is included 
in the Vickers Group the English Steel Corporation, the 
Metropolitan-Cammell Group, and various other smaller 
subsidiaries. The Group as a whole reached a peak 
employment in 1943 of 170,000 people, and during the 
six years 1939-44 inclusive, paid out in salaries and 
wages to staff and employees a figure of no less than 
214,000,0007. In the shipyards there were constructed 
a total of 180 new vessels, which included the battleship 
King George V, three fleet aircraft carriers, three light 
aircraft carriers, seven cruisers, one monitor, 41 
destroyers and over 100 submarines. Over 28,000 new 
aire and over 3,000 tanks were constructed ; over 
173,000 small, medium and large size guns, a vast 
quantity of gun mountings and field carriages, and, 
among other items, 17,500,000 fuses. 

One of the biggest jobs undertaken by Vickers- 
Armstrongs was the 14-in. gun aie required for 
the five battleships of the King George V class. This 
involved ten 14-in. quadruple mountings and five 14-in. 
twin mountings. The revolving portion of the 14-in. 
quadruple mounting weighs somewhere in the neigh- 
bourhood of 1,560 tons, and it revolves on rollers on a 
roller path 35 ft. 6 in. in diameter. The height of the 
mounting from the roof of the house to the bottom 
of the trunk is approximately 57 ft. In the gun 
mountings, the shell each weighing 1,590 lb., and the 
cordite weighing 340 Ib., are lifted from the magazines 
up through complicated hoists and flash-proof arrange- 
ments into the gun houses and loaded into the gun at 
the rate of not less than two rounds per gun per minute. 
These hoists, etc., are hydraulically operated and the 
complicated operations involved in the transfer and 
moving of this heavy ammunition have to be made as 
fool-proof as possible, involving not less than 50 





* Presidential address to the Institute of Marine 
Engineers, delivered in London on Tuesday, September 
28, 1948. Abridged. 
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separate interlocks per gun. Each of these mountings 
had to be erected and tested in the workshops at 
Barrow and Elswick, and then stripped down and 
transferred, often by special ship, to the battleshid 
wherever she was building. The weight of the turn- 
table, which was not capable of being stripped down, 
was something over 200 tons, so that the provision of 
heavy cranes in the shops and on the dockside was a 
vital feature in the handling of the mountings. 

To go to the other extreme, the Services adopted, 
just before the war, a clockwork fuse for anti-aircraft 
work, and the company undertook the production of 
these, originally in small numbers. The production 
was vastly extended during the war, until it reached an 
output of 80,000 per month. These fuses involved 
putting down Yar and training personnel for the mass 
production of what really amounted to wateh com- 
ponents. It necessitated the introduction of Swiss 
watch-making machinery on a large scale, and the 
development in this country during the war of a similar 
type of plant. 

At the beginning of the war, the company had in 
production two first-class aircraft, the Wellington 
bomber and the Spitfire fighter. The Wellington 
played a major part in all the bombing operations of 
the first three years of the war and was adapted for 
many special roles. The Spitfire remained in produc- 
tion in various » a of development, right through the 
war. The Vickers-Armstrongs designers were a 
sible for the special type of bomb which successfully 
destroyed the Méhne and Eder dams, and also for the 
designs, and to a large extent the production, of the 
12,000-Ib. penetration bombs used against the U-boat 
pens and which eventually sank the Tirpitz; and, later 
for the 22,000-lb. bombs. The Crayford Works for many 
years specialised in the production of fire-control 
apparatus and, during the war, with the assistance of 
many dispersal and auxiliary establishments, increased 
their owtput of these complicated mechanisms to a 
large extent, together with large numbers of anti- 
aircraft predictors and quantities of types of fire-control 
gear used in the Navy. 

In 1935, Vickers-Armstrongs acquired the ship- 
repairing and structural steel establishment on Tyne- 
side known as Palmers Hebburn. Large-scale recon- 
struction of this establishment was carried out in the 
years prior to the war and, as a result, during the war, 
this yard became extremely busy, being employed on 
all forms of ship repairs, including re-fits and repairs 
to 30 cruisers. Its employment roll reached a ‘peak of 
nearly 5,000. Under an arrangement with the Admir- 
alty, the Palmers Hebburn Company also carried out at 
Jarrow Dry Dock a considerable number of ship repairs 
and re-fits. 

It is a curious thing that the works which were 
situated closest to the enemy, namely,the Thames-side 
and Tyneside works, suffered far less than the west 
coast, south coast and other works. The Elswick and 

Scotswood works are about 1} miles long and situated 





Two-Srroke Digset Enoine; Messrs. Fopens Limirep. 


on the edge of the River Tyne in a conspicuous place. 
In spite of this, no high-explosive bomb of any sort 
was dropped on them during the war, the only form of 
attack being a small number of incendiaries dropped 
casually one night which did no damage of any import- 
ance. On the other hand, Barrow works, situated on 
the west coast, were subjected to concentrated attack 
every night for a week and very appreciable damage was 
done to the establishment and great damage to the 
town. During one of the night attacks, a direct hit 
was scored on a 150-ton hammer-head crane about 
100 ft. high, resulting in this structure crashing to the 
ground in ruins. 

Early in the war, the enemy almost completely 
obliterated the Supermarine Works at Southampton, 
with heavy loss of life. Immediately, steps were taken 
to disperse the production of the Spitfire, and within 
two months of the attack the dispersed works had 
exceeded the output of the Supermarine Works. 
Earlier, an attack had been made on the Weybridge 
Works, which were engaged on the production of the 
Wellington, again with heavy loss of life. This was 
followed by dispersal, although the Weybridge Works 
continued to produce aircraft right throughout the war. 
At the Naval Yard, when there were alongside the 
jetty, King George V, the aircraft carrier Victorious, 
cruiser Nigeria and several destroyers, a lone aircraft 
dropped two heavy bombs, one of which landed on the 
jetty and exploded, doing a limited amount of damage. 
The second landed quite close to the foot of one of the 
main columns of the 250-ton crane and buried itself 
16 ft. in the ground, actually touching the foundations 
of the crane. This second bomb did not explode and 
the vital crane was spared. 





COMMISSIONS IN ELECTRICAL BRANCH OF ROYAL Navy. 
—tThe Electrical Branch of the Royal Navy, which was 
formed two years ago, is to offer a limited number of 
Commissions to university graduates. Selections will be 
made from graduates between the ages of 21 and 25 who 
have completed satisfactorily a three years’ course in 
electrical engineering and have reached honours-degree 
standard. Inquiries should be addressed to the secretary 
of the Admiralty (C.W. Branch), London, 8.W.1. 





WOMEN’S ENGINEERING SocreTy.—The twenty-sixth 
annual conference of the Women’s Engineering Society 
was held in Nottingham on October 1, 2 and 3. A 
number of visits and social functions took place and a 
paper on “ Motion Study in the Textile Industry ” was 
read by Miss Anne Shaw, M.A., President of the Motion 
Study Society of Great Britain. At the annual general 
meeting of the Women’s Engineering Society, held on 
October 3, Mrs. F. D. Heywood, Ph.D., B.Sc., was elected 
President for the year 1948-49. The offices of the 





Society are at 35, Grosvenor-place, London, 8.W.1. 


COMMERCIAL MOTOR TRANSPORT 
EXHIBITION AT EARLS COURT. 


(Concluded from page 346.) 


Tue fourteenth International Commercial Motor 
Transport Exhibition, referred to in our last week’s 
issue, on page 344, closed on Saturday, October 9, 
after having been open since the morning of Friday, 
October 1. There is little doubt that the exhibition 
was successful arid the Society of Motor Manufacturers 
and Traders, Limited, who organised it, are to be 
congratulated on the arrangement of the stands. These 
were well set out and the method of indicating the 
names of the exhibitors by suspended banners made it a 
simple matter to find any particular stand, but at the 
same time gave the main hall an attractive appearance. 
The stands were not surrounded by railings and it 
was possible, therefore, to examine the exhibits in 
comfort and move through the exhibition with com- 
parative ease. It would have been more convenient, 
however, had the numbers of the stands been shown 
in a more distinct manner. 

Descriptions of some of the exhibits were given in 
our last week’s issue, in which it was mentioned that 
a new two-stroke Diesel engine was being exhibited 
for the first time. This engine is illustrated in Fig. 8, 
on this page and was being shown on the stand of the 
manufacturers, Messrs, Fodens Limited, Elworth 
Works, Sandbach, Cheshire. It is a six-cylinder unit 
having a bore and stroke of 85 mm. and 120 mm., 
respectively, and developing 126 brake horse-power at 
2,000 r.p.m., the brake mean effective pressure at this 
speed being 100 Ib. per square inch and the piston 
speed 1,575 ft. per minute. The fuel consumption 
varies, of course, with the speed, but between 1,100 
and 1,800 r.p.m. the consumption is below 0-40 Ib. 
per brake horse-power per hour. The scavenge air is 
supplied under pressure from a Root’s blower and is 
led into the cylinders in the usual way through ports 
formed in the cylinder walls; the exhaust gases, 
however, are discharged through valves in the cylinder 
head, there being two valves for each cylinder, the 
engine having been designed on the Kadenacy principle. 

The engine is of simple but robust construction, a 
noteworthy feature being the wide use made of 
aluminium castings. The crankcase and cylinder 
block are in the form of single casting of aluminium 
alloy, the crankcase being extended 4% in. below the 
crankshaft. The cylinder heads are cast in two parts, 
each of which covers three cylinders ; they are of east 
iron and are fitted with overhead valves operated in the 
usual manner by push rods and rocking levers. The 
crankshaft, which is made from hardened nickel steel, 
is machined all over, the crankpins having a diameter 
of 2§ in. and the journals being 3 in. in diameter. It is 
supported by seven main bearings of the steel-backed 
white-metal lined type, the bolts for the main bearing 
caps being extended to the cylinder head. The con- 
necting rods are of the usual H-section type but have 
been designed so that they can pass through the 
cylinder bores. Cast-iron pistons are used and each 
is fitted with three compression rings and two oil- 
control rings, toroidal combustion chambers being 
formed within the piston crowns. The pistons are 
tinplated and work within wet-type cast-iron liners, the 
latter being a push fit in the cylinder block and sealed 
by synthetic-rubber rings in the usual manner. 

The camshaft is manufactured from hardened steel 
and is located high up in the cylinder block so that 
short push rods may be used ; it is supported by eight 
bearings and is driven through helical gears from the 
tear of the crankshaft. These gears also drive the fuel 
pump, the dynamo and the blower, the last named 
being of the Root’s two-lobbed type, lubricated by the 
oil return from the camshaft. It rotates at twice 
engine speed and draws air through a filter and silencing 
unit, the maximum pressure developed in the scavenge 
trunk being approximately 4-5 lb. per square inch. 
The fuel is injected into the cylinders by a C.A.V. 
monobloc-type pump which works in conjunction with 
single-hole injectors, the combustion chambers, as 
previously mentioned, being formed within the piston 
crowns. The fuel pump is fitted with the latest design 
of C.A.V. hydraulic governor, which is arranged so 
that the engine is governed throughout the complete 
speed range. All major components within the engine 
are lubricated under pressure. a noteworthy feature 
being the provision of oilways in the connecting rod 
for supplying oil under pressure to the gudgeon-pin 
bearings. 

A new Diesel engine of a type somewhat different 
from that just described was being exhibited by Messrs, 
Morris Commercial Cars Limited, Adderley Park. 
Birmingham. This engine is being manufactured at 
the Birmingham works under Saurer licence, a feature 
of the design being the liberal use of light alloys in 
order to give a good power-to-weight ratio. The 
engine is illustrated in Fig. 9, on page 366, from which 
it will be seen that it has exceptionally clean lines. 
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Fie. 9. Srx-Cyntinper Diese~ Encrve; Mzssrs. Morris 


CommercraL Cars, Lowen. 


It is a six-cylinder unit having a bore and stroke of 
85 mm. and 125 mm., respectively, and developing 
75 brake horse-power at 2,400 r.p.m., which is the 
maximum governed speed. The cylinder block and 
crankcase are cast as an integral unit from heat-treated 
aluminium alloy, the cylinder bores being provided with 
detachable wet-type cast-iron liners. The crankshaft is 
machined from an alloy-steel forging, the main bearing 
and crankpin journals being heat-treated and hardened 
to ensure good wearing qualities. It is supported from 
the crankcase by seven bearings of the steel-backed lead- 
bronze type, the bearing caps being machined from 
aluminium-alloy stampings. The cylinder head is a 
single chromium-alloy iron casting and it is fitted with 
the inlet and exhaust valves, which are operated by 
push rods and rocking levers. The camshaft is located 
high up in the cylinder block and is carried by five 
plain bearings and one ball bearing, the latter serving 
to locate the shaft. It is driven from the forward end 
of the crankshaft by a triplex roller chain and all cams 
are arranged so that they are partially immersed in oil. 

The pistons are of the cavity type and are made 
from heat-treated aluminium alloy; they are fitted 
with four compression rings and two oil-control rings. 
The connecting rods are of the usual H-section type 
and are provided with steel-backed lead-bronze big-end 
bearings and phosphor-bronze little-end bearings, the 
latter working in conjunction with fully-floating 
gudgeon pins. The fuel-injection pump and the 
injectors are manufactured by Messrs. C.A.V., the 
injectors being made. under Saurer patents. The 
injection pump is fitted with a pneumatic governor, 
which is connected by a flexible pipe to a Venturi 
tube in the induction system. All major bearings 
within the engine are lubricated under pressure, the 
oil being supplied by a submerged gear-type pump 
driven from the camshaft. The cooling water is circu- 
lated by a centrifugal pump which runs in tandem 
with a four-bladed fan, the combined fan and pump 
being driven by a V-belt from the forward end of the 
crankshaft. 

The new Diesel engine is used as the power unit 
for a range of 5-ton trucks, several of which were being 
shown at the exhibition. As an alternative, howeverr 
the range of vehicles can be supplied fitted with a 
side-valve petrol engine. This has a bore and stroke 
of 100 mm. and 120 mm., respectively, and develops 
80 brake horse-power at 3,000 r.p.m. The trucks are 
of the forward-control type and, generally speaking, 
are of conventional design. The engine, clutch and 

earbox form a single unit, the gearbox providing four 
louanl speeds and a reverse. The drive is transmitted 
to the rear axle through open-type propeller shafts 
provided with a centre bearing, the rear axle being of 
the fully-floating type with spiral-bevel final drive. 

Messrs. Crossley Motors Limited, Errwood Park, 
Stockport, were showing a selection of their passenger 
vehicles, which included a single-deck 42-seat omnibus 
designed specifically for export. Both the chassis for 








the 42-seat omnibus and a complete vehicle were being 
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CrossLEy Motors, Limirep. 


exhibited, and the former is illustrated in Fig. 11, on 
page 372. It is fitted with the Crossley 8-6-litre six- 
cylinder overhead-valve oil engine which has a bore 
and stroke of 114-3 mm. and 139-7 mm., respectively, 
and develops 100 brake horse-power at 1,750 r.p.m. 
The cylinder block is separate from the crankcase, the 
former being of cast iron while the latter is a light-alloy 
casting suitably ribbed to give the required stiffness. 
The crankshaft, which is made from high-tensile steel, 
is machined all over, the journals and crankpins being 
surface hardened. It is supported by seven main 
bearings of the steel-strip type and is provided with a 
torsional-vibration damper. The cylinder head is cast 
in two parts, each of which covers three cylinder bores 
and supports the valve-operating gear. The valves 
are of silicon steel and operate on renewable valve 
seats, the inlet valves being suitably shrouded so as 
to promote air swirl. Aluminium-alloy pistons are 
fitted, the combustion chambers being formed within 
the piston crowns, and each piston is provided with 
four compression rings and two oil-control rings. The 
connecting rods are the usual H-section stampings, but 
the big-end bearing caps are secured by four high-tensile 
steel bolts, the rods being designed so that they can be 
withdrawn through the cylinder bores. The camshaft 
is located in a tunnel formed at the right-hand side of 
the block and is supported by seven bearings; it is 
driven by a triplex roller chain, the tension of which is 
adjusted automatically by a spring-loaded sprocket. 

Forced-feed lubrication is employed throughout the 
engine, the oil being supplied under pressure by a self- 
priming gear-type pump. The pump, however, com- 
prises two sets of gears, a larger set circulating the 
oil to the crankshaft and big-end bearings and a 
smaller set delivering oil to the auxiliaries such as the 
rocker shaft, camshaft, etc. The cooling-water pump is 
fitted to the left-hand side of the crankcase and is 
designed so that the bearings are remote from the water. 
Cooling is assisted by a fan driven from the crankshaft 
by a single V-belt. 

The gearbox is of the constant-mesh type and is 
located approximately in the middle of the chassis, the 
drive from the clutch being transferred to it through 
an open propeller shaft. The gearbox casing is an 
aluminium-alloy casting and the gears are arranged to 
give five forward speeds and a reverse, the fifth speed 
providing an overdrive of 0-656 to 1. The overspeed, 
together with fourth, third and second gear ratios, are 
in constant mesh, while first speed and reverse are 
selected by sliding spur wheels. The drive from the 
gearbox is transmitted to the rear axle through open- 
type propeller shafts fitted with Hardy Spicer joints 
and supported by a centre bearing. The rear axle is 
of the fully-floating type, final drive being by an under- 
slung worm and worm wheel, the latter incorporating 
the usual bevel-pinion type of differential. The front 
axle is of orthodox construction and both front and 
rear axles are connected to the frame by the usual semi- 
elliptical springs ; the rear springs, however, are under- 
slung and all anchorage brackets are designed to permit 





lateral adjustment of the springs. Air-pressure brakes 
are fitted and are arranged to operate on all four 
wheels. 

Messrs. Crossley Motors Limited were also exhibit- 
ing a supercharged version of their 8-6-litre Diesel 
engine. This is illustrated in Fig. 10, on this page, 
but apart from a reduction in the compression ratio 
from 15-6 to 1 to 14-0 to 1, it is the same basically as 
the engine fitted to the 42-seat omnibus. Air under 

ressure is supplied by two Marshall Root’s-type 

lowers manufactured ty Sir George Godfrey and 
Partners Limited, Hanworth, Middlesex. They are 
arranged to work in tandem, and as will be seen from 
the illustration, are driven from the forward end of 
the engine. The rotors are of the two-bladed type 
and are involute in form; they are constructed from 
light alloy, but the driving shafts are of high-tensile 
steel. The two rotors are geared together, the shafts 
being supported by ball and roller bearings, and 
although lubrication is unnecessary within the rotor 
chamber, a supply of lubricant is led to the gears and 
bearings. This firm have stated that the supercharged 
engine develops about 50 per cent. more power than 
the unsupercharged version ; the supercharged engine 
should prove useful, therefore, in those countries where 
fast traffic is permitted. 

Several other manufacturers were showing vehicles 
designed for overseas markets; Messrs. Guy Motors, 
Limited, of Wolverhampton, for example, were exhibit- 
ing their Arab passenger chassis fitted with left-hand 
steering. This chassis, which is illustrated in Fig. 12, 
on page 372, is of particular interest as it is fitted with 
the Meadows-Guy PSV six-cylinder oil engine, which has 
been developed jointly by Messrs. Henry Meadows, 
Limited, and Guy Motors, Limited. It is an overhead- 
valve engine having a bore and stroke of 5} in. and 
developing 115 brake horse-power at 1,800 r.p.m., and 
&@ maximum torque of 390 lb.-ft. at 1,000 r.p.m. The 
unit is of monobloc construction, the cylinder bores 
being fitted with renewable dry-type liners. Aluminium 
pistons are used and these are provided with three com- 
pression and two scraper rings, the latter being located 
one above and one below the gudgeon pin. Forced-feed 
lubrication is employed throughout the engine, a 
submerged-type gear pump delivering oil to all bearings, 
the valve mechanism and the fuel pump cams and 
followers. A noteworthy feature of the lubrication 
system is the provision of drilled passages in the 
H-section connecting rods, so that the gudgeon pins 
can be supplied with oil under pressure. 

The rive from the engine is transmitted through 
a fluid coupling to a Wilson epicyclic gearbox, a 
feature of which is the method used for engaging the 
various gears, air pressure being employed for this 
purpose. The gearbox provides four forward speeds 
and a reverse, the ratios of the different gears being : 
first speed, 4-2 to 1; second, 2°37 to 1; third, 1-57 to 
1; and top speed, 1 to 1. The gearbox is located 
centrally in the chassis and the selector-operating 
rod is fitted to the left-hand side, thus making it 
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unnecessary to fit cross shafte-and-attendant linkages 
to the chassis frame. The drive from the engine to the 
gearbox and from the gearbox to the rear axle is 
transmitted through open-type propeller shafts provided 
with Layrub rubber-cushioned universal joints. The 
rear axle is of the fully-floating type, the final drive 
being by an underslung worm and wormwheel having a 
ratio of 4°8 to 1; alternatively, a worm and wormwheel 
having @ ratio of 5-6 to 1 can be fitted. The front 
axle is of the reversed-Elliot type with I-section beam 
of alloy steel, taper-roller bearings being fitted to the 
king-pins in order to take the thrust. The main 
frame comprises two channel-section side members, 
together with four channel-section and two tubular 
cross members, the maximum depth of the side 
members being approximately 11 in. Semi-elliptical 
springs of the usual pattern are fitted to both front 
and rear axles, the springs being arranged to work in 
conjunction with Luvax shock absorbers. Compressed- 
air brakes are fitted, a separate operating cylinder 
being provided for each wheel. The front cylinders 
are fitted above the king pins and operate internal- 
expanding brakes having a diameter of 16} in., while 
the rear cylinders are fitted to the chassis side members, 
the diameter of the brakes in this case being 16} in. 
Compressed air is =e by a twin-cylinder com- 
pressor driven by belts from the gearbox input 
shaft. 

The exhibits on the stand of Messrs. Scammell 
Lorries Limited, Watford, Hertfordshire, included the 
latest model of their three-wheel mechanical-horse 
tractor. This vehicle has been redesigned completely 
and in its latest form is known as the Scarab ; it is illus- 
trated in Fig. 13, on page 372, where it is shown coupled 
to a drop-side semi-trailer. It is not altered only in 
appearance, however, the engine, clutch, gearbox and 
back axle having been rearranged to form a single 
unit. This has resulted in the engine being located 
at the rear of the cab which now has a flat floor and 
can be entered from both sides of the vehicle ; farther- 
more, the new position of the engine simplifies cooling 
and reduces noise and fumes in the cab to a minimum. 
The unit construction of the engine, gearbox and back 
axle will be apparent from Fig. 14, on page 372, which 
shows the assembly removed from the chassis. The 
front of the engine is supported by a large rubber bush 
and the*complete unit as illustrated can be removed 
from the chassis by disconnecting the controls and 
undoing the front engine mounting bolts, together with 
the rear spring retaining bolts. Two models are avail- 
able, namely a 3-ton unit and a 6-ton unit; generally 
speaking, however, the two models are similar and it is 
proposed, therefore, to describe the 6-ton model only. 
This is fitted with a four-cylinder side-valve petrol 
engine having a bore and stroke of 3% in. and develop- 
ing 45 brake horse-power at 3,200 r.p.m. The drive 
is transmitted to the gearbox through a Borg and Beck 
dry-plate clutch, which has a diameter of 9} in. The 
gearbox provides four forward speeds and a reverse, 
all ratios except first and reverse, being engaged by 
dogs. The layshaft and main shaft are mounted side 
by side and all gears are made from case-hardened 
nickel steel. The rear axle is a double-reduction unit 
of the fully-floating type, the overall reduction of the 
standard axle being 11-23 to 1; alternatively, an axle 
having an overall ratio of 13-2 to 1 can be fitted. The 
axle is secured to the frame by semi-elliptical leaf 
springs which bear against slippers fitted to the ramp 
pressings. 

The frame is of orthodox construction, pressed-steel 
side members being employed in conjunction with 
tubular cross-members; the side members, however, 
are down-swept in the middle in order to reduce to a 
minimum the height of the cab floor. The front of the 
tractor is supported by a coil spring, which is com- 
pletely enclosed and immersed in oil. The spring is 
damped hydraulically and the movement of the front 
wheel is transmitted to the spring through a cranked 
arm. The driving axle is fitted with Girling two- 
leading-shoe brakes having a diameter of 14 in. The 
operation of the brake pedal applies the brakes on the 
tractor axle mechanically and also brings into operation 
a vacuunt system which applies the brakes on the 
trailer. 

As previously mentioned, the 3-ton and 6-ton models 
generally are similar and in some respects identical; 
the engine, for example, is interchangeable, but the 
3-ton model is provided with a different carburettor 
and induction manifold which reduces the output to 
25 brake horse-power. Similarly, such items as the 
clutch, gearbox, front-suspension unit, radiator, etc., 
are interehangeable between the two models. The 
automatic coupling gear is similar to that used on 
previous models, its chief benefit, of course, being that 
the tractor can operate two or more trailers at the same 
time, delivering with one trailer while the others are 
being. loaded. Furthermore, this interchangeability 
allows the use of different types of trailer, such as 
tipping and tanker trailers, thereby permitting one 
tractor to perform, a variety of jobs. 





METAL-TO-METAL BONDING WITH 
SYNTHETIC-RESIN ADHESIVE. 


THE use of the ‘‘ Redux” bonding process in the equip- 
ment for refuelling aircraft in flight is described in the 
September bulletin of Messrs. Aero Research, Limited, 
Duxford, Cambridge. The process utilises the excellent 
adhesive properties of synthetic resins for bonding 
metal to metal, and metal to certain other materials 
such as wood. ‘‘ Redux” consists of a reddish-brown 
liquid and a white powder. When metal is bonded to 
metal the liquid is applied to both cleaned surfaces, the 
gpa is sprinkled on both, and bonding is — 

y pressing the parts together at a temperature o} 
145 deg. C. for three minutes. The particular applica- 
tion described is in the bonding of 37 corrugated brass 

lates to:form a honeycomb container for the “‘ contact 

ine.”’ The liquid is applied to the plates by means 
of a brush, after which the plates are dipped in the 
powder. They are then stacked to form the container 
and are held in a hot press for one hour at 145 deg. C. 
This length of time ensures that all joints are brought 
to the required temperature. The pressure is 
the container is allowed to cool to 80 deg. C., and is 
then removed from the press. The method of li 
in flight, pioneered by Messrs. Flight Refuelling, 
Limited, is briefly: a “hauling” line, with a weight 
at its end, is trailed from the air-liner ; the contact line 
is fired from the tanker aircraft, engages with the 
hauling line, and is then wound in; this brings the 
end of the hauling line to the tanker aircraft; it is 
disconnected from the contact line, connected to the 
end of the hose, and is then wound back to the air-liner, 
bringing the hose with it. It will be appreciated, 
therefore, that the contact-line container is subjected 
to considerable indeterminate stresses when the line is 
ejected. It must be of rigid construction. Brass was 
chosen to avoid sparking; soldering the plates was 
not satisfactory because corrosion occurred due to 
flux which it was not possible to remove, and “‘ Redux” 
was therefore employed. Messrs. Aero Research, 
Limited, state that the problem of bonding metals has 
not yet been solved as successfully as that of wood-to- 
wood bonding, but for most applications the strength 
and durability ofa joint made by the “‘ Redux” process 
are better than those of a spot-welded or riveted joint. 





**‘SELF-CLEANING ’’ WHITE PAINT. 


Tue Research Department of the London Midland 
Region, British Railways, have developed a white paint 
for signal posts which will remain white in spite of the 
effects of dirt and weather. Laboratory and field tests 
have taken five or six years, and the paint is now being 
adopted for general use. White or black-and-white 
signal posts are most easily detected by drivers, but if 
this safety factor is to remain constant the visibility 
of a post must not deteriorate owing to the discolora- 
tion of the paint or the accumulation of an obscuring 
film of dirt. This is not easy to avoid in railway 
situations, and it is not practicable to clean or paint 
the posts frequently. It was therefore decided to 
attempt to develop a paint which would not discolour 
and would be self-cleaning. 

Paint may fail in several ways. The failure may 
take the form of deep cracks which, exposing the base 
material, lead to corrosion; or of loss of adhesion 
and flaking of the paint; or again the failure may 
arise from the complete disintegration of the film, with 
the formation of a powdery residue which may be 
rubbed off with the fingers or washed away by rain. 
It is a characteristic of this last kind of failure (known 
as ‘‘ chalking”), that the action of the rain is to wash 
away the surface of the paint, and expose a new one 
—and so on until the paint film has entirely disap- 
peared. It was by making use of this type of failure 
that the self-cleaning paint was developed. 

A paint was sought which, while possessing 
durability, exhibited to a controlled degree the chalki 
characteristic which would result in the desired - 
cleaning property. Other properties regarded as 
essential were: high opacity, which would permit a 
minimum number of coats to be applied (often only 
one); good integral colour retention ; good gloss and 
surface hardness to ensure that during the initial 
period, before chalking commenced, the paint would 
have a high degree of dirt resistance. The component 
which largely determines the form of failure of the 
paint is the pigment, and of modern white pigments 
the one which is known pre-eminently to render a paint 
liable to chalking is titanium dioxide. As this pigment 
provides the maximum degree of opacity and colour 
retention it was an obvious choice for the self-cleaning 
paint. The problem which remained was that of giving 
the balanced degree of chalking and durability; this 
was achieved by incorporating a pigment which, unlike 
white lead, does not discolour under railway conditions, 
nor like lithopone reduce durability. The nature of 
this pigment and of the media employed in the paint 
unfortunately cannot be disclosed at present. 
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OIL-ENGINED LOCOMOTIVE FOR 
UNDERGROUND HAULAGE. 


REMARKABLE progress has been made during recent 
years in the development of oil-engined locomotives 
for use underground in British coalmines. When 
first introduced, only comparatively low-powered 
locomotives, developing some 20 es horse-power, 
were available, but it soon became apparent that, if 
their use was to become widespread, more powerful 
locomotives capable of hauling heavy loads up the steep 
gradients of existing roadways would have to be 
uced. As a result, the power of this class of 
ive has increased progressively over the years 
and at present locomotives developing up to 100 brake 
horse-power are being produced, several of which have 
been described from time to time in ENGINEERING. 
A recent addition to the range of 100 brake horse-power 
locomotives is illustrated in Figs. 1 to 4, on page 368, 
and in Figs. 5 and 6, on page 369; it is manufactured 
by the North British Locomotive Company, Limited, 
nee. Glasgow, and has been designated the 
orth British Miner. Obviously, the overall dimensions 
of this class of locomotive must be kept within strict 
limits if it is to be used on existing roadways and tracks, 
and in the case of the Miner, the cross-sectional area 
and outside dimensions are less than those for a standard 
tub, which is a creditable achievement. 

In order that production delays may be reduced 
to a minimum, the locomotive has been designed so 
that it can be fitted with either a Paxman or a Crossley 
en engine. Furthermore, the transmission 
has atranged so that either an 8.L.M., Wilson, 
§.8.8., or Voith-type gearbox can be fitted. The 
ive illustrated, however, is fitted with a vertical 
ine manufactured by Messrs. Davey, Paxman 

y, Limited, Standard Ironworks, Col- 

unit is known as the 6 R.Q.E., and 
although based on this firm’s R.Q. range of engines, 
it should be emphasised that it is not a standard model 
suitably modified, but has been designed specifically 

this particular purpose. It is a six-cylinder, 
four-cycle engine having a bore and stroke of & in. 
5} in., respectively. It is governed to a maximum 
speed of 1,250 r.p.m., at which it develops approxi- 
mately 102 brake horse-power on a 12-hour rating, 
the brake mean-effective pressure at this speed being 
94 Ib. per square inch and the mean torque approxi- 
mately 430 lb.-ft. The fuel consumption, of course, 
varies with the load, but when developing full power 
at the maximum governed, speed, it is approximately 
0-415 lb. per brake horse-power per hour. 

The engine is of robust construction, having been 
designed to work for long periods between overhauls. 
It is illustrated in Fig. 5, on page 369, where it is 
shown in position in the locomotive. The bedplate is 
of cast-iron construction and, in addition to forming 
the oil sump, carries the seven main bearings. In 
order to give the requisite clearance in the locomotive, 
however, it is shallower than usual; as a consequence, 
a further sump of sheet-steel construction has been 
added to the forward end of the engine. The main 
bearings are of the steel-backed, white-metal lined type 
and they are supplied with oil through a main Ty 
and branch pipes. The crankshaft is machined from a 
single forging, the crankpins and journals being finished 
by grinding ; it is drilled for big-end lubrication and is 
spigotted and flanged to carry the flywheel. The 
crankcase and cylinder block are in the form of a single 
iron casting which is held to the top of the bedplate 
by high-tensile steel studs; these extend to the top 
of the crankcase and absorb the firing stresses thus 
allowing the provision of large inspection doors at 
each side of the crankcase. 

The pistons are of aluminium Y alloy and each is 
provided with three pressure rings and one oil-control 
ring. The connecting rods are machined from H-section 
stampings and are fitted with copper-lead big-end 

gudgeon-pin bearings consisting of 

lhosphor-bronze bushes. The gudgeon pins are of the 
ly-floating type and are retained in the pistons by 
Circlips, one at each end. The cylinder heads, which 
are of cast iron construction, are in two identical parts, 
each of which covers three cylinder bores. They are 
fitted with overhead valves operated in the usual manner 
— rods and rocking levers, the latter being com- 
pletely enclosed and pressure lubricated. The camshaft 
is situated high up in the cylinder block so that short 
_ rods may be used, and it is driven from the 
tt end of the crankshaft through a duplex chain. 
The cylinder heads also accommodate the spherical 
antechambers for the Ricardo system of combustion, 
the throat and lower portion of each antechamber 
being formed from heat-resisting steel. The fuel- 
injection equipment of the er. gi e illustrated comprises 
a C.A.V. monobloc injection pump in which is incor- 
porated a Bryce hydraulic governor; subsequent 
engines, however, will be fitted with Bryce injection 


pumps. 
With the exception of the gudgeon pins, all bearings 


é 





within the engine are lubricated under pressure, the 
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oil being supplied by a gear-type pump. An oil cooler 
is provided, the cooling element being incorporated 
in the radiator block. The oil is circulated through the 
cooler by a separate gear-type pump, the pressure and 
circulating pumps being driven through gearing from 
the forward end of the crankshaft. Both the engine 
and the exhaust manifold are water cooled, the cooling 
water being circulated by a centrifugal pump driven 
by @ belt from the forward end of the crankshaft. The 
radiator is fitted at the front of the locomotive and 
cooling is assisted by a fan driven from the same pulley 
as the water pump. The engine is started by com- 
pressed air which is admitted directly into the cylin- 
ders ; air for this service and for actuating the Westing- 
house brakes is supplied by a Broom and Wade com- 
pressor driven by a belt from the engine transmission 
shaft. 

The complete engine, of course, is of flameproof 
construction throughout and is provided with an 
exhaust-gas conditioner. Air entering the induction 
manifold passes first through a Vokes air filter and 
then through a stainless-steel plate-type flame trap; 
these two components can be seen in Fig. 2, where 
they are lettered a and 5, respectively. The exhaust gas 
conditioner is located between the frames at the 
forward end of the locomotive, and is lettered c, in 
Fig. 2. The conditioner is arranged to wash and cool 
the exhaust gases by passing them through water and 
over a number of baffles to a chamber containing a 
quantity of Lessing rings. These act as a scrubbing 
medium for the gas and as a trap for any moisture 
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held in suspension; the gases, therefore, leave the 
conditioner in a clean and dry condition. They are 
discharged to the atmosphere through a further 
stainless-steel blade-type flame trap, which is con- 
structed so that it can be removed and dismantled 
with ease for cleaning, and is interchangeable with 
that fitted to the engine induction system. The 
conditioner is located so that the. exhaust gases are 
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caught in the air stream from the radiator fan as 
they leave the flame trap, the cooling fan being 
arranged to deliver in a forward direction. The 
diffusion ratio of gas to air is 1 to 16 in volume, 
a condition which ensures the rapid dissipation of 
the exhaust. The relative positions of the flame 
trap and cooling fan are indicated in Fig. 2, where 
they are lettered d and e, respectively. 






























Oct. 15, 1948. 


ENGINEERING. 





369 











OIL-ENGINED MINING LOCOMOTIVE. 


NORTH BRITISH LOCOMOTIVE 


COMPANY, LIMITED; GLASGOW. 








Fie. 6. S.L.M. O1-Opzratep GErARBOX. 


Water lost from the conditioner by evaporation is 
replaced by a small engine-driven plunger pump which 
draws“on a large capacity make-up tank situated in 
the locomotive housing. The pump is actuated by 
an eccentric fitted to the fuel-pump drive shaft, and 
in addition to making up the level in the conditioner 
it also sprays water into the exhaust pipe. The con- 
ditioner is fitted with a thermally-operated safety 
device which automatically stops the engine should 
the temperature of the exhaust gases exceed 200 deg. F. 

As previously mentioned, the locomotive can be 
fitted with either an S8.L.M., a Wilson, an S.S.S. ora 
Voith-type gearbox. The locomotive shown in the 
illustrations is fitted with an 8.L.M. oil-operated gear- 
box manufactured at the Slough works of Modern 
Wheel Drive Limited, Lindo Lodge, Chesham, Bucking- 
hamshire ; it is illustrated in Fig. 6, above, where it is 
shown removed from the locomotive. The gearbox is 
Coupled to the engine through a Metalastik flexible 
coupling, and has been designed to transmit continu- 
ously the maximum power developed by the engine 
at an input-shaft speed of 1,250 r.p.m. It provides 





three speeds in both forward and reverse, the maxim: 

speed of the locomotive in the various gears being: 
3 miles an hour in first gear, 6-5 miles an hour in 
second, and 15 miles an hour in top gear. The input 
shaft is fitted with the first-, second- and third-speed 
driving pinions, each of which is in constant mesh 
with corresponding gear wheels on the output shaft, 
The gear wheels on the output shaft, however, are in 
halves, and each wheel assembly contains a standard 
double-sided S.L.M. multi-cone hydraulic clutch. Each 
clutch also is in two halves, the hubs of which are 
splined to the output shaft, and each half of the relevant 
gearwheel is carried by, but is free to rotate on, the 
corresponding hub of the clutch. To engage any one 
gear, oil under pressure is admitted to an annular space 
between the two halves of the relevant clutch; this 
causes them. to move apart and grip the inside faces 
of the gear-wheel assembly, thereby transferring the 
drive from the gearwheel to the clutch and thence to 
the output shaft. The drive from the output shaft is 
transferred to a cross-shaft through a bevel pinion which 
meshes with two opposed crown wheels, either of which 





can be rendered solid with the shaft by the engagement 
of dog clutches, thus providing forward and reverse 
directions of travel. The jack shaft is driven from the 
cross-shaft through a spur reduction gear and the 
motion is transferred to the locomotive wheels by 
fly cranks and coupling rods in the usual manner. 

It will be appreciated that, although all three geai- 
wheel assemblies rotate when the engine is running, the 
drive cannot be transmitted until one of the clutches 
isengaged. A supply of oil for this purpose is provided 
by a pump incorporated in the gearbox, and engagement 
of the various gears is effected by an oil-distribution 
valve. This directs the oil into channels formed in the 
output shaft which, in turn, communicate with the 
annular chambers inside the clutches. The distribution 
valve has been designed so that it is impossible to engage 
more than one gear at any instant; furthermore, an 
interlock is arranged between the change-speed lever 
and the compressed-air reversing gear so that reversing 
can be accomplished only when the change-speed lever 
isin the neutral position. A feature of the transmission 
assembly is the provision of an,emergency cut-out which 
automatically disengages the clutches when the engine 
tends to stall, thus making it impossible for the 
gearbox to transmit a reverse torque and drive the 
engine backwards. Should this condition arise, 
re-engagement of the gears is effected by returning the 
change-speed lever to the neutral position ; this brings 
a resetting valve into operation which restores the 
gears to the normal condition. 

The frame of the locomotive is made from mild-steel 
plates 1 in. in thickness, the method of construction 
involving the use of both welding and riveting. The 
wheel centres are machined from solid steel and 
are fitted with rolled-steel tyres shrunk into position, 
the diameter of the tyres being 2 ft. on the tread. 
The axleboxes are of cast-iron construction and are 
fitted with bronze bearings. Westinghouse air brakes 
are provided and the air-operated sanding gear is 
inter-connected with the brakes so that the wheels 
are sanded automatically when an emergency brake 
application is made. The air reservoirs and the 
fuel and water tanks are built as a complete assembly, 
which is arranged so that relatively few pipe connections 
have to be broken when it is required to remove the 
assembly to gain access to the gearbox, etc. A flame- 
proof lighting system is fitted, the current for which 
is supplied by a 12-volt dynamo driven from the 
front of the engine crankshaft. Headlamps are fitted 
to both the front and rear of the locomotive and the 
circuit is a so that they can be operated 
independently to suit the direction of travel. Other 
fittings include a speedometer, a fire extinguisher, an 
air-operated whistle, and the usual gauges and instru- 
ments, a feature of the last-named being the provision 
of luminous dials. 

The controls are simple to operate and the drivi 
position gives clear views in both directions of tra 
Gear changing is exceptionally easy, and the inherent 
resilience of the S.L.M. clutches gives a smooth but 
rapid take-up of the drive. The locomotive can be 
employed for a variety of duties ranging from relatively 
high-speed running at 15 miles an hour, to shunting 
operations at the shaft bottom. As will be seen from 

igs. 2, 3 and 4, it has an overall length of 15 ft. 1 in., 
a width of 4 ft. and a height of 4 ft. 5in., while the 
gauge can be varied between the limits of 2 ft. 6 in. and 
3 ft. 6in. The wheelbase is 4 ft. 7 in. and the minimum 
curve the locomotive can negotiate has a radius of 60 ft. 
Its weight in working order is 15 tons and the maximum 
tractive effort, at 25 per cent. adhesion, is 8,400 Ib. 
The performance can be gauged from the following 
figures supplied by the manufacturers and calculated on 
the basis of 25 per cent. adhesion and an efficiency of 
80 per cent. Assuming a rolling resistance of 20 lb. a 
ton, the locomotive, when in top gear, can haul a load 
of 95 tons along the level, 45 tons up a gradient of 1 in 
100 and 29 tons up a gradient of 1 in 50. The corre- 
sponding figures when working in second gear are 219 
tons along the level, 103 tons up a gradient of 1 in 100 
and 68 tons up a gradient of 1 in 50, while those for 
bottom gear are 420 tons on the level, 198 tons up a 
gradient of 1 in 100 and 130 tons up a gradient of 
lin 50. 





FORMING BEADS, ETC., BY CENTRELESS GRINDING.— 
Messrs. Arthur Scrivener, Limited, Tyburn-road, Bir- 
mingham, point out that their centreless grinding 
machines of the patent controlled-cycle type are suitable 
for the economical production of such objects as beads 
and artificial pearls from plastics and other suitable 
materials. A plastic rod, formed with an axial hole, is 
placed between the control wheel and a grinding wheel 
with a number of grooves of requisite section. The 
beads are formed but are not quite parted off, this 
operation being performed in another machine. The 
advantages of the method are: speed of production, 


high surface finish, accuracy, and, as the beads are not 
parted off, they are not liable to be damaged by being 
carried round by the grinding wieel. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “* Karroxe.””—Single-screw vessel for refrigerated 
and general cargoes, built and engined by Messrs. 
Alexander Stephen and Sons, Glasgow, S.W.1, for the 
Union Steam Ship Company of New Zealand, Limited, 
Wellington. Main dimensions: 325 ft. by 50 ft. by 
26 ft.; deadweight capacity, 5,300 tons. Six-cylinder 
Stephen-Sulzer Diesel engine of 3,000 b.h.p., giving a 
service speed of 12 knots, when loaded. Trial trip, 
September 22. 


M.S. “‘ FutHam IX.’’—Single-screw collier for service 
between Northern and Welsh ports and Fulham Power 
Station, London. Built by the Burntisland Shipbuilding 
Company, Limited, Burntisland, Fife, for the British 
Electricity Authority, London Division. Main dimen- 
sions: 260 ft. (between perpendiculars) by 39 ft. 6 in. 
by 18 ft. 9 in.; deadweight capacity, 2,580 tons on a 
load draught of 17 ft. 5% in. Two-cycle Diesel engine 
of 1,520 b.h.p., constructed by Messrs. British Polar 
Engines, Limited, Glasgow, coupled to a double-helical 
single-reduction gearbox: by an electric-magnetic slip 
coupling. Trial speed fully loaded exceeded 12 knots. 
Trial trip, September 27. 


S.S. “‘ Star VI.”-——Single-screw whaler built by Messrs. 
Hall, Russell and Company, Limited, Aberdeen, for the 
Hvalfanger A/S ‘“‘ Rosshavet,” Sandefjord, Norway. 
Main dimensions: 165 ft. by 29 ft. 6 in. by 18 ft. Four- 
cylinder double-compound four-crank Fredriksstad steam 
motor, with two Foster Wheeler watertube boilers. 
Launch, September 30. 


S.s. « Menamee,?—Beln-cutsie Meee eammsing 60 first- 
class, 180 second-class, 75 intermediate-class, and 1,200 
unberthed passengers, together with general cargo. 
Built and engined by Messrs. Alexander Stephen and Sons, 
Limited, Glasgow, S.W.1, for the British India Steam 
Navigation Company, Limited, London, E.C.3. Main 
dimensions: 480 ft. by 66 ft. by 41 ft.; gross tonnage, 
10,300. Two sets of single-reduction geared turbines, 
together developing 9,000 s.h.p., with three Babcock 
boilers. Speed on trial, 18} knots. Trial trip, October 1. 

8.8. “ Puck.”—Single-screw cargo vessel built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Newcastle-upon-Tyne, for the Zegluga 
Polska Line (Messrs. Gdynia-America Shipping Lines, 
Limited), Gdynia, Poland. Main dimensions: 232 ft. 6in. 
(between perpendiculars) by 36 ft. 3 in. by 22 ft. 64 in. to 
shelter deck; deadweight capacity, 1,460 tons on a 
draught of 14 ft. 114 in. Two-cylinder compound steam 
engine with Bauer-Wach exhaust steam turbine, together 
developing 900 i.h.p., with two coal-burning boilers. 
Launch, October 4. 

8.S. “‘ PRINCESS PaTRICIA.”’—Twin-screw vessel, carry- 
ing 2,000 day and 98 cabin-class passengers, built by 
The Fairfield Shipbuilding and Engineering Company, 
Limited, Glasgow, for the British Columbia coastal service 
of the Canadian Pacific Railway Company, Montreal. 
Main dimensions: 368 ft. 8 in. by 56 ft. by 20 ft. to main 
deck ; gross tonnage, about 6,000. Two single-cylinder 
turbines, each driving a two-pole three-phase alternator, 
constructed by the British Thomson-Houston Company, 
Limited, Rugby, with four Fairfield-Johnson single-flow 
boilers, developing a speed of 23 knots. Launch, 
October 5. 

8.S. “ Pyrruus.”—Single-screw cargo liner, carrying 
29 first-class passengers, built and engined by Messrs. 
Cammell Laird and Company, Limited, Birkenhead, for 
Messrs. Alfred Holt and Company, Liverpool. Main 
dimensions: 478 ft. (between perpendiculars) by 68 ft. 
by 38 ft. 6in.; deadweight capacity, about 11,000 tons. 
Parsons-type turbines with two Foster Wheeler water- 
tube boilers. Launch, October 5. 


M.S. “‘ CANNANORE.”—Single-screw cargo liner, carry- 
ing 12 passengers, built and engined by Messrs. Barclay, 
Curle and Company, Limited, Glasgow, W.4, for the 
Peninsular and Oriental Steam Navigation Company, 
London, E.C.3. Main dimensions: 485 ft. by 62 ft. 6 in. 
by 40 ft. 9 in. to shelter deck; gross tonnage about 
9,000. Six-cylinder Barclay Curle-Doxford opposed- 
piston solid-injection engine of 6,800 b.h.p., with two 
multitubular boilers. Launch, October 7. 





LECTURES ON CHEMICAL ENGINEERING AND STATIS- 
TICAL METHODS IN INDUSTRY.—A course of eight lectures 
on “ Materials of Construction Used in Chemical Engin- 
eering ” will be held at the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, on 
Fridays at 6 p.m., commencing on October 29. The lec- 
turers include Drs. S. Baker, R. V. Riley, and G. E. 
Stephenson and Messrs. G. S. Shipley, G. E. Speight, 
B. N. Reavell, W. K. B. Marshall, and J. Paylor. The 
fee for the course is 158. Another course of eight lectures, 
to be held at the same Institute, is on the subject of 
“ Statistical Methods in Industry.” The lecturer is 
Dr. B. P. Dudding, M.B.E., and the lectures will be held 
on Mondays from 7.to 8 p.m., commencing on October 25. 
The fee for this course is 11. Enrolment forms: may be 
obtained from the Principal of the Institute. 


BOOKS RECEIVED. 


Timber Engineers’ Handbook. Edited by PROFESSOR 
HowarpD J. HANSEN. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 10 dols.] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 60s. net.) 

Power System Stability. Volume Il. Transient Stability. 
By SELDEN B. CraRY. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 6 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 36s. net.] 

Process Engineering. By WILLIAM H. ScHutt. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4dols.] MoGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price,24s.] 

Telephony. A Detailed Exposition of the Telephone 
Exchange Systems of the British Post Office. By J. 
ATKINSON. (A new edition of Telephony, by the late 
T. E. Herbert and W. S. Procter.) Volume I. General 
Principles and Manual Exchange Systems. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 35s. net.) 

Report on Drawing Office Organisation. Mimeographed. 
O. W. Roskill and Company (Reports), Limited, 14, 
Great College-street, London, 8.W.1. [Price 30s, net.] 

Electric Winders. .4 Manual on the Design, Construction, 
Application, and Operation of Winding Engines and 
Mine Hoists. By H.H.Broverron. Second edition. 
E. and F. N. Spon, Limited, 57, Haymarket, London, 
S.W.1. [Price 63s. net.] 

Quality Control by Statistical Methods. By Dr. G. 
HERDAN. Thomas Nelson and Sons, Limited, Parkside 
Works, Edinburgh, 9. [Price 21s. net.] * 

Foundations and Footings. By H. P. Smirnm. Second 
edition. Crosby Lockwood and Son, Limited, 39, 
Thurloe-street, London, S.W.7. [Price 5s. net.] 

Guide to Broadcasting Stations. Compiled by the Wireless 
World. Fourth edition. Iliffe and Sons, Limited, 
Dorset House, Stamford-street, London, S.E.1. [Price 
1s. net.] 

Carnegie Institution of Washington. Annual Report of 
the Director of the Department of Magnetism, 
1946-47. The Director, The Department of Terrestrial 
Magnetism, 5241, Broad Branch-road, Northwest, 
Washington 15, D.C., U.S.A. [Free.] 


Office, Washington 25, D.C., U.S.A. [Price 1 dol.] 

State of Tilinois. State Water Survey Division. Bulletin 
No. 38. Hydrology of Five IMinois Water Supply | suitable 
Reservoirs. Compiled and edited by WynpHam J. 
ROBERTS. Chief, State Water Survey Division, 
Urbana, Illinois, U.S.A. 

Technische Statik. Ein Lehrbuch sur Einfiihrung ins 
Technische Denken. By PROFESSOR WILHELM SCHLINK. 
Fourth and fifth edition. Springer-Verlag, Jebens- 
strasse 1, Berlin-Charlottenburg 2, Germany. [Price 
27.60 D.M.] 

Kontaktumformer mit Schalidrosseln. By Dnr.-Ine. 
ALEXANDER GOLDSTEIN. A.-G. Gebr. Leemann & Co., 
Stockerstrasse 64, Ziirich 2, Switzerland. [Price 
18 Swiss francs.) 

A Century of Technical Developments in Hungary. 
Hungarian News and Information Service, 33, Pem- 

London, W.2. [Free to approved 


Socialisation tw Great Britain and Iis Effect on the 
Profession 


Accountancy . By Sm Freperice J. 
ALBAN. Presented at the Annual Meeting of the Ameri- 
can Institute of Accountants, Chicago, September, 1948. 
The Society of Incorporated Accountants and Auditors, 
Incorporated Accountants’ Hall, Victoria-embankment, 
London, W.C.2; and Gee and Company (Publishers), 
Limited, 27-28, Basinghall-street, London, E.C.2. 
[Price 2s. net.] 

The British Electrical and Allied Industries Research 
A iati Technical Reports. No. K/T126. Load 
Characteristics of the Principal Classes of Consumers. 
Interim Report by P. ScHmZER and F. H. DENNIS. 
[Price 9s. net.] No. N/T44. Magnetization Curves for 
Ferro-Magnetic Single Crystals. By H. LAwTon and 
K. H. Srewart. [Price 12s. net.] No. O/T2. 
Electrolysis and the Bond Strength of Reinforced Concrete. 
The Effect of Direct Current. By Dr. G. MoLe. 
[Price 6s. net.] No. Y¥/T11. The Thermal Charac- 
teristics of a Concrete Floor Heated by Buried Cables. 
By M. V. GrirrirH. [Price 7s. 6d.net.] Offices of the 
Association, 15, Savoy-street, Strand, London, W.C.2. 

The History of Basic Metals. Price Control in World War 
II. By Proressor Rospert F. CAMPBELL. Columbia 
University Press, Morningside Heights, New York 27, 
U.S.A. [Price 3:25 dols.] Oxford University Press 
(Geoffrey Cumberlege), Amen House, Warwick-square, 
London, E.C.4. [Price 188. net.] 

Industrial Directory of Wales and Monmouthshire. 1948. 
Edited by’ Joun PareEs. The Industrial Association 
of Wales and Monmouthshire, Aberdare House, 








Mount Stuart-square, Cardiff. [Price 10s. 6d.} 


» | castle-upon-Tyne, 1. 





PERSONAL. 


Str WittiaM J. LARKE, K.B.E., D.Sc., M.I.E.\., 
M.1I.Mech.E., has accepted the office of President of t! 
Institution of Engineers-in-OCharge, St. Bride Instit: 
Bride-lane, London, E.C.4, for the 1948-49 session, a1 
will deliver his presidential address at St. Bride Instit \( 
at 6.30 p.m.,on November 3. Smr WILLIAM A. STan1: 
M.1.Mech.E., F.R.S., has been elected a vice-president . 


" Mr. J. M. Watpram, senior research illuminati), 
engineer on the staff of the research laboratories of ‘! 
General Electric Company, Limited, took office 
President of the Engineering Society, 
Victoria-street, London, 8.W.1, for the 1948-49 ses-i» 
on October 12. 

BRieapIeER ©. ©. PARKMAN, O.B.E., M.LC.l. 
A.M.1.Mech.E., has relinquished the position of FE: .i- 
neering Inspector to the Ministry of Health and |: 
been taken into partnership by Messrs. Ward .: 
Ashcroft, chartered civil engineers and surveyors. J!.c 
firm is now practising under the style of Ward, Asher ft 
and Parkman, at the same address as formerly, nam«ly, 
38, The Temple, Dale-street, Liverpool, 2. 

MR. WiLLIaM Woop, who has been secretary of Mes-rs. 
Seagers Limited, Dartford, Kent, since 1907, has retired 
after 65 years of service with the firm. His successor is 
Mr. A. T. Gray. 

MR. GEorGE TAYLOR, who has been head of the sales 
section of the English Steel Corporation, Limite, 
Sheffield, responsible for tyres, axles and springs, since 
1929, has retired. 

Two staff changes in the Signal and Telecommuni:a- 
tions Engineer’s Department, British Railways, London 
Midland Region, have been announced. MR. ©. (i. 
DERBYSHIRE, signalling assistant, Euston, has been made 
acting divisional signal and tel ications engineer, 
Manchester, and Mr. L. GALLIMoRE, hitherto workshop 
supervisor in the Department at Crewe, is to be works 
manager at Crewe, as from October 25. 

Mr. H. Tus~Ey has been appointed assistant sales 
manager (export) of the British Aluminium Company, 
Limited, Salisbury House, London Wall, London, E.C.2. 
Mr. W. H. Marston is relinquishing his position as 
manager of the Leeds branch office of the company, 
and will be transferred to London as from November 1. 
Mr. A. E. HEELEY has been appointed manager of the 
Leeds office in place of Mr. Marston. 

Mr. R. J. Fow.er, D.LC., B.Sc. (Eng.), A.C.G.I., 
A.M.1.Mech.E., A.M.1.Struct.E., consulting enginecr 
ee welding applications, has removed to more 

Edgbaston, 





Messrs. THOos. W. Warp, Limirep, Albion Works, 
Sheffield, announce the appointment of four additional 
local directors, namely, Mr. ©. Parry, Mr. D. F. 
WaALTon, Mr. W. HALL, and Mr. H. H. Momsy. 

Mr. R. A. STAUFFER has been appointed assistant 
director of research at the National Research Corporation, 
Camibridge, Massachusetts, U.S.A. Mr. J. H. Moore 
has been promoted to the position of director of the 
Metals Department in succession to Mr. Stauffer. 

Messrs. NORTHERN ALUMINIUM COMPANY, LIMITED, 
are opening a new sales office under the management of 
Mr. F. Layton, at 27, Park-tow, Leeds, 1. The terri- 
tory will include Lincolnshire, Yorkshire (with the 
exception of Middlesbrough), and Rutland. The firm’s 
Newcastle office is now in charge of Mr. D. M. Eapie. 
"Messrs. Cox AND DANKS, LimiTED, Scapa House, 
Park Royal-road, London, N.W.10, announce that their 
Newcastle branch has moved into larger offices at 
Commercial Union Buildings, 47, Pilgrim-street, New- 
The telephone number remains 
Newcastle 20685 /6. 

Messrs. COWANS, SHELDON AND COMPANY, LIMITED, 
St. Nicholas Works, Carlisle, have moved their London 
office to Africa House, Kingsway, W.C.2. (Telephone: 
HOLborn 0268.) 





EXTENSIONS TO ScoTTisH TUBE-MAKING WORKS.— 
The new tube mill which has been under construction at 
the Clydesdale Works, Mossend, Lanarkshire, of Messrs. 
Stewarts and Lloyds Limited, commenced production 
last week. The mill has a capacity of 70,000 tons of 
10-in. to 16-in. diameter seamless tubes a year. To 
supply the new mill, four 60-ton steel-melting furnaces 
have been built. Excavation work continues on the site 
for a larger mill having a rated capacity of 120,000 tons 
of 6-in. to 9-in. seamless tubes a year. A third double- 
stand tube mill, having an annual capacity of 50,000 tons 
of 3-in. to 5-in. seamless tubes (double the rating of the 
present mill), is intended to replace existing plant at 
the firm’s Tolicross Works, Glasgow. It is estimated 
that the entite expansion scheme, which is expected bd 
be completed in three years, will increase the company 8 
previous Scottish output of 130,000 tons of steel tubes 
a@ year to nearly 400,000 tons. 
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NOTES FROM THE NORTH. 
GLasGcow, Wednesday. 


Scottish Steel.—Deliveries of heavy steel scrap have 
been maintained on the recently improved scale, and 
steelmakers are hopeful that the agreement between the 
United States and British authorities regarding par- 
ticipation of German scrap supplies will consolidate the 
position during the winter months. Iron ore, dolomite, 
and other raw materials have also been coming forward 
with reassuring regularity, and outputs of steel and pig- 
iron are being steadily maintained at the high level of 
recent weeks. Demands for shipbuilding steel in Period 4 
seem likely to be considerably in excess of authorisations, 
and the future is regarded with some anxiety. Demands 
on re-rollers from the home market have been less pressing 
than they have been for several months, stock-holding 
merchants’ business being influenced in part by the 
prospect of Belgian imports of finished steel. Merchants 
have been notifying their requirements to the British 
Iron and Stee] Corporation, many specifying a substantial 
proportion of small-section rounds and bars suitable for 
the manufacture of small component items, the raw 
material for which has been in very short supply “for a 
long period. 


Scottish Coal.—Divisional production for the week 
ended October 2 was 438,500 tons, against 451,000 tons 
in the previous week, the continued decline again being 
due largely to holiday influences, although losses in 
Lanarkshire through unofficial stoppages were consider- 
able. Despite difficulties, the marketing authorities have 
contrived to keep consumers adequately supplied for 
current requirements, although deliveries generally have 
been short of basic allocations. In some cases supply 
margins have been meagre, but industrial production has 
not been affected. Shipments have been resumed to 
France, but other export business has been on the 
customary lines. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—Briskness in the demand for 
all grades of Welsh steam coals has been the main feature 
of the market throughout the past week. In both the 
home and foreiga sections, buyers have been active, but 
business has been restricted by the supply position. 
For some weeks to come potential outputs are fully 
disposed of and a careful system of allocating supplies 
is followed so as to make the fairest possible distribu- 
tion. If output could be increased a much larger volume 
of business, particularly foreign, could be undertaken. 
Under the trade agreement with the Argentine, supplies 
for that market are steadily maintained and there are 
also good shipments to Portugal. The French market 
has opened up quite briskly and there is every prospect 
of business being carried out on a larger scale than 
it was when operations were suspended last July. For 
Spain the position is unfavourable because of pay- 
ment difficulties, and little new business is possible. 
Heavy payments are due from that country and ship- 
pers are not disposed to add to them. In reply to the 
Egyptian State Railways inquiry for the supply of 
79,000 tons of coal over the first nine months of next 
year, offers have been made from South Wales to supply 
about half the quantity. The home market is busy and 
large sales have been made to the leading industrial users 
and the railways, gas and electric undertakings, in ae 
tion to considerable ordinary business. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business was brisk as home consumers 
continued to cover their requirements for the current 
quarter. The export market was more active and the 
sales made were on a heavier scale. There was no 
relaxation in the call for steel sheets, and new business 
remained difficult to place. The demand for iron and 
steel scrap continues unprecedented. 


- 





TELEVISION AND THE OLYMPIC GAMES.—The part 
played by television during the XIVth Olympiad is 
recorded in a well-illustrated booklet that has been 
issued recently by the British Broadcasting Corporation. 
A copy is to be presented to every competitor from 
overseas taking part in the games and will form an 
interesting souvenir of an important historic event. It 
will have the further result of emphasising the fact that 
the story of British television is one of which this country 
can well be proud. The Corporation was the pioneer in 
the inauguration in 1936 of this method of disseminating 
information, and in spite of the interruption caused by 
the war, thanks to the co-operation of the Post Office and 
the manufacturers, it still leads the field. As the 
booklet shows, the quality of the picture using 405-line 
definition leaves little to be desired and its future should 
be assured. 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Pronounced activity in iron, steel and 
engineering works continues. The output of steel is 
steadily rising and a moré satisfactory system of alloca- 
tion is tending to ease the shortage which has hampered 
the manufacture of many types of steel products. Forges 
and rolling mills are receiving a better supply of slabs 
and billets, so that, to some extent, the shortage of high- 
carbon steel sheets and bars is being relieved. Some 
inquiries for rolls for steel mills are in abeyance until 
the future of the steel trades is less uncertain, and 
similarly the provision of heating and air-conditioning 
installations and other amenities for foundries and other 
works is being delayed. Progress is being made with 
some important contracts for steelworks plant and 
machinery, and the shortage of stainless-steel rolling 
capacity is likely to be relieved in the near future. The 
demand for stainless steel is far in excess of the produc- 
tion facilities. There is a constant demand for high-speed 
steels and high-speed tools, both on home and export 
account. Considerable efforts are being made to expedite 
the delivery of coal-mining machinery and ancillary 
equipment to help in the national drive for increased coal 
production. 


South Yorkshire Coal Trade.—Some collieries have not 
maintained the recent improvement in production, partly 
because of increased absenteeism. Efforts are being 
directed towards bridging the gap of 70,000 tons weekly 
in Yorkshire coal production to bring the yearly output 
to the target level. Coal-face absenteeism has caused 
44 Yorkshire. collieries to abandon Saturday morning 
working. Heavy demands are being made for locomotive 
hards and all industrial steams. Some improvement has 
been made in opencast coal production which is serving 
to maintain coal deliveries to works and power stations. 
The demand on export account is improving and full 
dispatches have been made to the Humber ports for ship- 
ment abroad, and for coastwise trade. Gas coke is in 
ample supply and hard coke is readily taken up. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Buyers of iron and steel for home 
purposes are receiving rather better parcels than of late 
and are pressing for much larger deliveries. Inquiries 
circulating on export account are of embarrassing magni- 
tude. Improvement in deliveries of iron and steel 
scrap can be reported, but supplies are still much below 
the consumers’ enormous requirements. Substantial 
cargoes of battlefield scrap from Germany and Africa, 
however, have been discharged at Middlesbrough. Such 
material requires much examination before it is suitable 
for furnaces, but the imports are a very welcome addition 
to supplies of material urgently needed to maintain the 
production of steel ingots and castings at the present high 
level. The better parcels of fuel coming forward continue 
to exceed expectations and the yield of the Cleveland 
ironstone mines is steadily increasing. Adequate ton- 
nages of high-grade foreign iron ore are being received 


Foundry and Basic Iron.—The small intermittent 
makes of foundry pig on Tees-side is compelling North 
East Coast consumers to draw increasing supplies from 
other producing centres. County Durham and North 
Yorkshire found are dent more than ever on 
deliveries of Midland brands of iron and, at times, trans- 
port facilities are inadequate for current requirements. 
The position calls for the greatest possible use of the 
improving supplies of cast-iron scrap. The whole of the 
basic-iron output is moving promptly into direct use at 
the consuming plants and steelworks adjoining the blast- 
furnaces. 


Hematite, Low-Phosphorus and Refined Iron.—Manu- 
facturers of East Coast hematite are maintaining deli- 
veries on a scale that covers actual needs, but greater 
production to permit the building up of stocks would 
be very welcome. Outputs of low- and medium-phos- 
phorus grades of iron are steadily absorbed. Makers of 
refined iron are able to meet their cust 8’ require 
ments. 


Manufactured Iron and Steel.—Conditions in the semi- 
finished and finished branches of Tees-side industry are 
keeping the plants fully occupied and bookings for all 
classes of steel are as extensive as circumstances permit. 
The position with regard to most descriptions of steel 
semies is a little easier, but re-rollers are still keen 
buyers of small billets and the demand for maximum 
deliveries of bars for the sheet mills continues unabated. 
Finished-steel manufacturers are distributing vast quan- 
tities of materia] against official authorisations, but appli- 
cations for tonnage allocations are much greater than 
can be entertained. 











NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shal! reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF TRANSPORT.—Monday, October 18, 
5.30 p.m., 66, Portland-place, W.1. Presidential Address 
on “ Transport in Transition,’”’ by Mr. David R. Lamb. 
Tees-Side Section: Friday, October 22, 7 p.m., Cleveland 
Scientific and Technical Institute, Middlesbrough. 
“The 1947 Blizzard on the Railways,” by Mr. J. T. 
Thompson. 


CHEMICAL ENGINEERING GrouP.—Monday, October 18, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. “ High-Vacuum Technology,” by Mr. R. S. 
Morse. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey 
Centre: Monday, October 18, 6.30 p.m., Royal Institu- 
tion, Colquitt-street, Liverpool. “‘ Load Dispatching, 
with Special Reference to the British Grid,” by Mr. A. R. 
Cooper. Radio Section: Tuesday, October 19, 5.30 p.m., 
Victoria-embankment, W.C.2. Discussion on ‘‘ Design 
Considerations of Radio Equipment for the Services,” 
opened by Messrs. 8. J. Moss and G. C. F. Whittaker. 
East Midland Centre: Tuesday, October 19, 6.30 p.m., 
Y.W.C.A., Nottingham. ‘“ Application of Electricity to 
Horticulture,” by Messrs. C. A. Cameron Brown and 
E. W. Golding. Also at the North-Western Centre: 
Wednesday, October 20, 6.45 p.m., Storey Institute 
Technical College, Lancaster. Supply Section: Wednes- 
day, October 20, 5.30 p.m., Victoria-embankment, W.C.2. 
Chairman’s Address, by Mr. C. O. Boyse. Southern Centre : 
Wednesday, October 20, 6.30 p.m., Technical College, 
Brighton. ‘“‘ Standardisation of Switchgear,”’ by Messrs. 
D. E. Lambert and J. Christie. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffield District : 
Monday, October 18, 7.30 p.m., 198, West-street, 
Sheffield. Annual Meeting. Institution: Friday, October 
22, 6.30 p.m., 39, Victoria-street, S.W.1. ‘“‘ Influence of 
Lighting on Industrial and Domestic Accidents,” by 
Mr. S. L. Lyons. North-Western Section: Saturday, 
October 23, 2.30 p.m., 16, St. Mary’s Parsonage, Man- 
chester. ‘Influence of the Internal-Combustion Engine 
on Agricultural Machinery Design,” by Mr. W. Lupton. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, October 
19, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Reconstruc- 
tion of Portsmouth Harbour Station,” by Mr. A. F. 
Cameron. Birmingham Association: Thursday, October 
21, 6 p.m., James Watt Memorial Institute, Birmingham. 
Chairman’s Address, by Mr. F. C. Vokes. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, October 19, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Economy by Efficient Caleu- 
lation,” by Mr. W. Heigh. 


INSTITUTION OF PRODUCTION ENGINEERS.—Edinburgh 
Section: Tuesday, October 19, 7.30 p.m., North British 
Station Hotel, Edinburgh. ‘‘ The Gap Between Produc- 
tion Ergineer and Manager,” by Mr. W. C. Puckey. 
Also at the Glasgow Section: Thursday, October 21, 
7.30 p.m., 39, Elmbank-crescent, Glasgow. Liverpool 
Section: Wednesday, October 20, 7.15 p.m., The 
University, Liverpool. ‘‘ Plastics,” by Mr. Walter Astle. 
London Section: Thursday, October 21, 7 p.m., Pw 
by 


Empire Society, Northumberland-avenue, W.C.2. 
Production Engineer and the National Economy,” 
Mr. C. B. Colston. 


DIgSsEL ENGINE USERS ASSOCIATION.—Thursday, 
October 21, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “ Diesel Fuel Research at Thornton Research 
Centre,” by Dr. C. G. Williams. 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
October 21, 5 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. “A Small Working in Southern 
Rhodesia,”. by Mr. A. M. Bensusan. “A Simple 
Flotation Cell,”” by Messrs. E. J. Pryor and K.-B. Liou. 


RoyaL AERONAUTICAL Society.—Thursday, October 
21, 6 p.m., Institution of Civil Engineers, Great George- 


street, S.W.1. ‘‘Cold-Weather Operation of Aircraft,” 
by Mr. G. W. Wilson and Squadron-Leader E. P. 
Bridgland. 

INSTITUTION OF MECHANICAL ENGINEERS.—Western 


Branch: Thursday, October 21, 7 p.m., Merchant 
Venturers’ College, Unity-street, Bristol. ‘“‘ Induction 
Heating in Engineering,” by Drs. F. W. Haywood and 
R. H. Barfield. Institution: Friday, October 22, 6 p.m., 
Storey’s Gate; St. James’s Park, S.W.1. Presidential 
Address, by Captain (E.) W. Gregson, R.N.R. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch: 
Thursday, October 21, 7.15 p.m., University College, 
Dundee. ‘‘ Castings for Machine Tools,” by Mr. W. Y. 
Buchanan. Lincoln Section: Thursday, October 21, 
7.15 p.m., Technical College, Lincoln. General Dis- 
cussion Evening. 
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We desire to call the atter.tion of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 
All editorial co ndence should be addressed 


to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street. 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada £410 0 
For Canada fA 5 0 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of * Appointments Open,” ‘“‘ Situations 
Wanted, ” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current weck’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertiSements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for aaveltionn’ blocks left in their possession for more 
than two years. 
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ENGINEERING MEANS AND 
ENDS. 


THE inaugural address, which Mr. T. G. N. Hal- 
dane delivered to the Institution of Electrical 
Engineers on Thursday, October 7, advanced two 
main propositions : that ‘‘ adequate power resources 
are vital to the material reconstruction of Europe ” 
and that ‘ applied science is not, and cannot be, an 
end in itself.” To the second of these he added the 
coroilary that ‘our civilisation will be in peril if 
we confuse the means with the ends.” These two 
themes, however, were connected by a thread so 
tenuous as to be almost undetectable. We are 
therefore obliged to depart from the custom of 
dealing with only one subject in a leading article 
in order to give some account of the contents of an 
interesting address. 

The first proposition is technical in character ; 
and most of Mr. Haldane’s hearers were probably in 
agreement with what he said upon it, and with the 
broad conclusions in which he summarised his 
arguments. Taking the long view, he rightly 
pointed out that every possible effort must be made 
to produce more power and more energy. The 
former task can be carried out by utilising such 
water power as we possess in stations operating at 
an average annual load factor as low as 20 per cent. 
(as has been done in Scotland) and possibly by the 
erection of pumped-storage stations. On the other 
hand, tidal and wind power schemes can be used 
to contribute output, while gas turbines can be 
installed to undertake a role intermediate between 
these two sources. 

In Mr. Haldane’s opinion an essential requisite 
for such a co-ordination of the power resources of the 
United Kingdom is the imposition of a transmission 
system operating at 275 kV on the existing 132-kV 
grid. This system would be used both for the trans- 
mission of power and the interconnection of stations, 
and might profoundly affect the siting of the latter ; 
for while estuary sites, if not too distant from the 
load centres, will probably continue to be the most 





economical for base-load stations, such sites are 





utilised, it will be economically more advantageous 
to place most generating stations on the coalfields, 
as the introduction of voltages higher than those in 
use at present will render it cheaper to transmit 
electricity than to transport coal. A 275-kV system 
would therefore assist in the achievement of maxi- 
mum economy and for this and other reasons it is 
desirable to proceed at once with its construction. 
Such technical proposals as these, however, are 
simple compared with the matters which Mr. Hal- 
dane discusses in the second part of his address. 
There is, he considers, a growing feeling of insuffici- 
ency among people concerned with the present drive 
for increased production and with the related efforts 
that are being made to raise the material standards 
of life. This feeling emphasises the great truth 
that ‘‘ man cannot live by bread alone”; and can 
only be overcome by correlating the various cate- 
gories of knowledge and experience. This correla- 
tion is especially necessary at a time like the present 


7| when physics has advanced into a realm where the 


distinction between science and metaphysics has 
become blurred ; and when the formation of charac- 
ter, upon which our survival as a nation depends, 
necessitates the broadest possible mental outlook. 

i are concerned both with the advancement 
of scientific knowledge and with the problem of 
applying that knowledge to meet human needs by 
the most efficient means. It follows therefore that 
training in engineering must include a study of 
those branches of knowledge which are usually 
known as the humanities. 

These studies, Mr. Haldane contends, would check 
the existing tendency towards over-specialisation ; 
and would indicate the extent to which science and 

g are capable of solving the present pro- 
blems in other fields of human endeavour and 
thought. They would also enable these problems 
to be approached in a due spirit of humility, for 
they would show that while scientific knowledge 
has increased enormously during the present cen- 
tury, this increase has been accompanied by a 
growing consciousness of our ignorance. In par- 
ticular, as Professor Niebuhr, Sir Richard Living- 
stone and others have pointed out, doubts whether 
so-called scientific methods can be employed to 
extricate the world from the morass into which it 
has fallen are accumulating. The reason is that 
science, when presented with the problem of how 
human affairs are to be conducted, instinctively 
Tejects all those aspects which are irrelevant to its 
modes of thought. In so doing the precision of its 
findings in. a limited field is increased, but other 
concepts, which are fundamental to human experi- 
ence, are at least partly ignored. It follows that 
the conduct of human affairs cannot be entirely 
governed by scientific concepts, although, of course 
scientific methods are, and are likely to continue to 
be, of the greatest use in assisting the search for 
truth. 

In other words, as Bacon has pointed out, man’s 
mental and material progresses are inseparably 
linked. One result of this is that spiritual develop- 
ment can occur only where human needs have been 
reasonably satisfied. The duty of the scientist and 
engineer is therefore to create the necessary state of 
material prosperity, a vital and noble task in the 
performance of which, as Mr. Haldane rightly says, 
they can take the utmost pride. To do this satis- 
factorily, however, it is necessary not only for them 
to understand the nature of the task in all its 
aspects, but to consider the ends to which their 
efforts are being directed. Everything must there- 
fore be done to integrate all branches of knowledge 
and to keep engineering progress.in close touch with 
human needs. 

The first reaction of engineers to Mr. Haldane’s 
indictment of their present attitude-to their work 
(for it is little less) may well be a feeling of bewilder- 
ment, which may gradually change into despair. 
Most of them are to-day so occupied with the 
“daily round and common task ”’ that they are left 
with little time for mental speculation. On occasion 
they are tempted, and even encouraged, to flatter 
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themselves that they are making some contribution 
to human well-being. It will therefore come as a 
shock to learn that their concern with material 
matters, to the exclusion of other things, is, or may 
.become, a danger to civilisation. Not i 
entirely without a sense of responsibility, both to 
their profession and to their fellow men, their next 
reaction may well be to inquire how they are to 
order their lives so as to bring about the necessary 
broadening of their outlook. ‘‘ Planning,” as is 
beginning to be realised more and more, is impor- 
tant. What is equally important, and certainly 
more difficult, is to carry “plans” to fruition. 
Unfortunately, Mr. Haldane provides very little 
assistance on this point, being content, or perhaps 
being obliged, to state a case and, with one excep- 
tion, to give little indication of the methods by which 
the search for a solution should be conducted. 

Even that exception tends to increase rather than 
to diminish the difficulty of the problem, for Mr. 
Haldane contends that a study of “ philosophy,” 
with all that this implies, should be added to the 
already crowded curriculum of the engineer. Both 
students and those holding positions of greater or 
less responsibility in the work-a-day world may well 
be appalled at the prospect which this proposal 
opens up. Having performed the daily tasks which 
are necessary to gain a living ; having endeavoured 
by some form of study to keep abreast of the pro- 
gress that is being made in the particular branch of 
engineering with which they are connected ; having 
performed those domestic tasks, which are more and 
more beoming part of their lot ; and having stolen, 
among all those activities, short periods for recrea- 
tion, they may well ask how they will find either 
leisure or inclination to devote to those contempla- 
tive exercises to which Mr. Haldane insists they 
should give more attention. They may also ask 
whether concern with such matters may not diminish 
the value of their technical work and so handicap 
their chances of advancement. After all, there are 
limits to what one human being can accomplish ; 
and many of our troubles are due to failure to 
realise this important fact. 

It would seem, therefore, that if the engineer is 
to play his part in the solution of these broader 
human problems such study as is necessary to equip 
him for the purpose must be substituted for, and 
not added to, his present labours. Considerable 
changes in the educational curriculum will therefore 
be essential. In particular, the scope of the 
instruction given during student days will have to 
be widened, so that new subjects can be admitted. 
As some compensation for this, the treatment of 
technical matters will have to be confined to first 
principles rather than to applications. At a later 
stage, owing to the vastness of the field, specialisa- 
tion will be necessary, as it is at present. Even so, 
the instruction must not be confined in watertight 
compartments, while the fact that the knowledge 
which is being acquired is only a link in a long 
chain must not be overlooked. To be successful, 
such a scheme predicates much greater facilities 
for the interchange of information gained in 
various fields and its subsequent utilisation in the 
solution of the common problem. Still later, it 
will be for senior men to supplement 
the theoretical knowledge and practical experience 
of engineering which they have gained by studies 
of more fundamental matters ; and subsequently to 
apply the resulting combination to assist human 
progress along the most humanitarian lines. 

That such senior men can often benefit by receiv- 
ing formal instruction in certain matters after they 
have been engaged for some years in industry, has 
been recognised by the formation of an Adminis- 
trative Staff College. It may well be that, in order 
to educate the engineer along the broad lines which 
Mr. Haldane envisages, it will also be to 
establish a “‘ Philosophical ” Staff College. Such an 
institution will have to carry out a system of 
training with which engineers at least have not, 
so far, been familiar, and will require a director 
who possesses qualities of a very special kind. 
Mr. Haldane’s broad proposals have, however, 
probably given the profession more than sufficient 
to think about and discuss without confusing the 
-ssue at this stage with matters which will not come 
-nto the picture until later. 





TIMBER EXPOSED TO 
SEA-WATER. 


For generations, and all over the world, timber 
has been used for building jetties and other structures 
exposed to the action of tlie sea. In isolated situa- 
tions, it may have been the only material available 
at reasonable cost and had the advantage that for 
work of moderate size it could be fabricated and 
installed with little machinery equipment. These 
latter conditions, coupled with the natural con- 
venience of the material for many types of work, 
also led to its wide use in home ports. Innumerable 
timber piers and wharfs are still in existence, but 
to what extent the material will continue to be 
used in the future it is impossible to say. No 
doubt, in some countries where it is readily avail- 
able, timber will continue to be utilised for the 
main members of structures, but in this country, 
present costs are likely to lead to the choice of 
alternative structural material. Even reinforced- 
concrete work, however, may embody various timber 
fittings and as timber structures may continue to be 
built in various parts of the Empire, the question 
of the deterioration of this material when e to 
sea action retains the interest which it had in 1916, 
when the Institution of Civil Engineers set up a 
committee to investigate the subject. 

The terms of reference of the committee covered 
timber, metal and concrete, and the first report, 
issued in 1920, was followed by seventeen others, 
each dealing with some aspect of the broad question 
of the deterioration of structures in sea-water. A 
nineteenth report* has now been issued, which is, 
in effect, a summary of such of the contents of all 
previous reports as referred to timber. ‘This 
conspectus is of value, but disappointing in that 
it is not able to refer to any specimens exposed to 
the action of the sea later than the year 1939, 
although some of these were inspected as recently 
as August, 1946, after seven years and three months’ 
exposure. One of the general conclusions of the 
report is that “the most satisfactory preservative 
so far found for the protection of timber is ordinary 
coal-tar creosote”; this statement is, however, 
followed by a reference to experiments at Singapore 
which showed that Celeure “ might be equally 
effective.” Celcure is a proprietary substance 
containing potassium dichromate, copper sulphate 
and chromium acetate, and it is to be hoped that 
it may be utilised in further comparative tests 
with creosote, and also that the effectiveness of 
other copper-bearing preservatives of relatively 
recent introduction may be investigated in the same 
way and on an adequate scale. Recent years have 
clearly been unfavourable for work of this kind, but 
conditions have now improved, at least to some 
extent. 

It is not surprising to read that “ surface applica- 
tion of creosote has little if any value and for 
satisfactory protection a deep impregnation of the 
preservative must be obtained.” Apart from the 
fact that a mere surface coating may be washed 
away by the action of the sea, any of the mechanical 
injuries and abrasions to which jetties and similar 
structures are liable, would result in the exposure 
of virgin wood to the action of Teredo, Limnoria 
or what ever marine organism might be present. 
It is stated that, in the case of Douglas fir, deep 
impregnation can be effected only by incising the 
timber first and then subjecting it to a long pressure 
treatment. This latter operation may demand 
plant of some magnitude and may be impossible 
to apply in isolated ports. Incising is a mechanical 
operation demanding little plant, but when facilities 
for effective creosoting are limited, it is advisable 
that the type of timber adopted should be decided 
on with this question of impregnation in mind. 
It is pointed out in the report that round piles 
embody a belt of sapwood which absorbs creosote 
readily and that in the cases of Scots pine and 
Baltic redwood, a uniform penetration of 1 in. to 





* Deterioration of Structures of Timber, Metal and Con- 
crete Exposed to the Action of Sea-Water. Nineteenth 
Report of the Committee of the Institution of Civil 
Engineers. Obtainable from William Clowes and Sons, 
Limited, Little New-street, London, E.C.4. [Price 5s., 
post free.] 





3 in. can be obtained without difficulty. With 
square timbers, much of the sapwood is cut away, 
and the heartwood, which is resistant to creosote 
penetration, is exposed. Round piles are much 
used in Canada, Australia and the United Stats, 
but in Great Britain square piling is usually 
employed, largely for esthetic reasons, but also, 
no doubt, because bracing connections can be more 
easily made. Round piling can be used and is 
widely employed in many parts of the world; its 
advantages from the point of view of preservative 
treatment, however, might usefully be given more 
attention in this country. 

There are various species of timber which are 
naturally resistant, but rising costs prohibit their 
use in many situations. Greenheart dock gates at 


‘Liverpool were in first class condition after 61 years’ 


exposure, but this material is expensive in itself 
and expensive to work. Other timbers which may 
be considered practically immune, and which have 
been used, mainly abroad, include Turpentine and 
Jarrah. The situation of the structure in which the 
timber is to be employed is a matter of the first 
importance ; conditions vary so much in different 
ports and in different parts of the world that the 
report recommends that preliminary investigations 
should be carried out “‘at every harbour where 
it is intended to use timber.’ In general terms 
deterioration is likely to be more severe in tropical 
waters, but considerable variations in the degree of 
attack by marine organisms is found even in Great 
Britain. Limnoria is active all round the coast, 
but Jeredo is a menace mainly in that part of the 
English coast south of the Mersey and Humber ; 
it has been observed in the Clyde, but is not a 
serious danger in northern waters. It is considered 
that the activities of Teredo are largely influenced 
by temperature, but variations in salinity may also 
affect its activity. Contamination also acts as an 
inhibiting agent and structures in the Thames 
above Gravesend and in the upper reaches of the 
Mersey are not attacked. 

A certain amount of protection may be given by 
charring the surface of the timber. In the Carbo- 
Teredo process a coating of Vaseline is applied and 
subsequently heated and ignited by means of a 
hand lamp, with the result that the timber is evenly 
anddeeply charred. This operation, by reducing the 
cross-section of sound timber, presumably weakens 
the structural strength of members to some extent. 
The same thing applies to incising, and it is recom- 
mended that the depth of the incisions should 
not exceed } in. Much work has been done in 
the application of active poisons to the surface 
of timber members, with, or without, the addition 
of creosote, but the general conclusion come to is 
that “even at high concentrations the protection 
afforded was no better than that afforded by 
ordinary creosote nor did any practical benefit 
arise from the addition of these poisons to creosote 
in amounts as high as 5 per cent.” 

Douglas fir is one of the most widely used timbers 
for marine structures ; it is available in large sizes 
at reasonable cost, but is not resistant to marine 
borer attack. It also exhibits considerable resistance 
to the penetration of creosote under pressure. With 
deep incising, however, suitable penetration may be 
effected. Presumably the application of the Bethell 
process should ensure satisfactory results. The 
procedure employed consists in treatment in 4 
vacuum of 10 in. for half an hour, followed by a 
pressure of 190 Ib. per square inch for one hour and 
a vacuum of 15 in. for half an hour, the temperature 
of the oil being 48 deg. C. It is suggested that for 
certain types of construction consideration should 
be given to other species which are more amenable 
to creosote penetration. For shore-protection work 
in Great Britain considerable use could be made of 
beech, Scots pine and Corsican pine, all of which, 
if suitably treated, absorb large quantities of 
creosote. All who are concerned with marine 
timber structures should study the detailed informa- 
tion contained in this report. Although the general 
conclusion that effective creosoting is the most 
satisfactory form of protection can be stated in a 
few words, many engineers may be faced with 
abnormal local conditions and the results of experi- 
mental work at home and abroad may furnish useful 
information on which procedure may be based. 
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NOTES. 


PRESENTATION OF THE KeLvIN MEDAL. 


Tue Kelvin Medal for 1947 was presented to 
Air-Commodore Sir Frank Whittle, K.B.E., C.B., 
M.A., F.R.S., at the meeting of the Institution of 
Electrical Engineers on Thursday, October 7. The 
Kelvin Medal is awarded triennially as a mark of 
distinction in engineering work or in investigations 
of the kinds with which Lord Kelvin was especially 
identified. Its recipient is chosen by an Awards 
Committee consisting of the presidents of the eight 
leading engineering institutions of the country 
from nominees suggested by engineering societies 
in all parts of the world. In making the presenta- 
tion, the Rt. Hon. Sir John Anderson, M.P., F.R.S., 
said that the claim of any country to honour and 
respect among the nations depended in the main 
upon two equally important factors. The first 
was the general standard of its people ; the second 
was its capacity to produce from time to time men 
of qualities so outstanding as to command the 
tribute of the whole world. There could never at 
any time be very many such men, but their contri- 
bution to human progress was incalculable. Lord 
Kelvin was such a man, and such a man also was 
Sir Frank Whittle. In returning thanks for the 
award, Sir Frank Whittle ssid that the occasion 
seemed to indicate that an aircraft apprentice 
could carry the Kelvin Medal in his kit bag. In 
fact, without the intensive training he had received 
in the Royal Air Force his work would not have been 
possible and he hoped that this type of training 
would not be so rare in the future as it had been 
in the past. Every big engineering job was the 
work of a team and he hoped that the members of 
his team would feel that they had some part in 
the high honour that had been done him. After 
the retiring president (Mr. P. Good) had presented 
certificates to the winners of premiums for papers 
read during the 1947-48 session, the incoming 
president (Mr. T. G. N. Haldane) delivered his 
inaugural address, on which we comment on page 
373 of this ‘issue. A vote of thanks to the pre- 
sident for his address was proposed by Sir Stanley 
Angwin and seconded by Mr. H. Bishop, who 
expressed the hope that it might be given a wider 
circulation than was afforded by publication in the 
Journal. Mr. Good was also accorded a vote of 
thanks for his services as president on the motion 
of Sir Vincent de Ferranti, seconded by Professor 
E. B. Moullin. 


Tue INsTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 


The James Watt Dinner of the Institution of 
Engineers and Shipbuilders in Scotland—an annual 
reunion which had established itself as one of the 
principal events of the year in the engineering circles 
of Clydeside, and much farther afield—had perforce 
to be suspended during the war years, co that its 
restoration to Glasgow’s calendar of events, on 
Friday, October 8, was an occasion of significance. 
Although, unfortunately, it*coincided with another 
local gathering of moment—the dinner given by the 
Glasgow Chamber of Commerce to the Common- 
wealth Parliamentary delegates, which prevented 
some well-known industrialists from making their 
customary appearance, the Grosvenor Restaurant 
was filled to capacity when the chair was taken by 
Dr. J: M. McNeill, the President of the Institution. 
The toast of ‘‘ James Watt” was proposed by the 
President, who introduced it simply and impres- 
sively by reading the epitaph which Lord Brougham 
composed for Chantrey’s monument to Watt, in 
Westminster Abbey; the epitaph which Smiles 
averred to be “beyond comparison the finest 
lapidary inscription in the English language.” 
Following the usual custom, the toast was honoured 
in silence. The principal guest at the dinner was 
Sir Gilmour Jenkins, K.B.E., Permanent Secretary 
to the Ministry of Transport, who proposed the 
toast of “Engineering and Shipbuilding”; in 
which he took the opportunity to observe that the 
work of the recent International Conference on the 
Safety of Life at Sea—mainly carried ont in the 
various committees—had been greatly expedited 
by the knowledge and skill brought to it by the 


British shipping industry, and that the contribu- 
tions of Dr. MeNeill, in particular, had. been of 
great value. Sir James French, who responded, 
raised a point of some historical interest when he 
expressed doubt whether James Watt had ever 
sought to practice as an instrument-maker in the 
city of Glasgow or fallen foul of the Incorporation 
of Hammermen on that account. Of his legendary 
trouble with the Hammermen, certainly, there is 
no positive evidence ; but he did eventually open 
a shop in Glasgow. Sir Charles Lillicrap, K.B.E., 
Director of Naval Construction, in proposing the 
concluding toast of the programme, that of “ The 


in general, ignored the tradition which (apparently) 
so often prevents the higher grades of the Civil 
Service from expressing themselves publicly in 
superlatives, and declared roundly that ‘‘ There is 
nowhere and nothing like Clydeside.” Dr. McNeill 
having suitably acknowledged the toast, the 
proceedings closed with ‘‘ Auld Lang Syne.” 


INTERNATIONAL ASSOCIATION OF NAVIGATION 
CONGRESSES. 


A British National Committee in connection with 
the Permanent International Association of Naviga- 
tion Congresses has recently been formed with the 
approval of the Ministry of Transport. The main 
objects of the Committee are to foster interest in 
the Association, to promote papers for presentation 
at the congresses (in particular the next congress, 
to be held in Lisbon in September, 1949), and gener- 
ally to act as the co-ordinator of British interests in 
this connection. At the request of the secretary- 
general of the Association, the Committee have 
agreed to distribute in this country bulletins and 
other matter received in bulk from the headquarters 
of the Association in Brussels, and also to receive 
on behalf of the Association subscriptions from mem- 
bers resident in this country. The Council of the 
Institution of Civil Engineers have consented to 
administer and provide secretarial facilities for the 
National Committee. The names of the members 
of the Committee are: Sir William Halcrow (chair- 
man), Sir Gilmour Jenkins, Sir Cyril Kirkpatrick, 
Sir Arthur Whitaker, and Messrs. M. G. J. McHaffie, 
W. P. Shepherd-Barron, R. D. Gwyther, A. L. 
Harvey, C. A. Wilson, L. Cleaver, L. Leighton, and 
Maurice Nachshen. Further particulars regarding 
membership, subscriptions, etc., can be obtained 
from the Secretary, British National Committee, 
Permanent International Association of Navigation 
Congresses, at the Institution of Civil Engineers, 
Great George-street, London, 8.W.1. 


British WELDING RESEARCH ASSOCIATION. 


Much of the work conducted by the British 
Welding Research Association is administered by 
research committees of which 30 are active at 

t. They deal with problems connected with 
the welding of mild, structural and alloy steels, 
aluminium and magnesium-rich alloys and other 
materials, and with the properties and characteris- 
tics of welded vessels, structures and assemblies. 
The annual report of ghe Association covering the 
financial year ended March 31, 1948, has been pub- 
lished recently and states that the Association has 
now completed its second year as a fully-accredited 
research assOciation receiving support from the 
Department of Scientific and Industrial Research. 
Early in the year under review, Mr. A. Ramsay 
Moon relinquished his position as Director of 
Research and his successor, Dr. H. G. Taylor, who 
was appointed on August 19, 1947, took up his duties 
on November 3 of that year. Great progress has 
been made in equipping the laboratories and work- 
shops at the Association’s engineering research 
station at Abington Hall, Abington, near Cambridge. 
The staff of the Association numbers 51, of whom 20 
are at Abington, the remaining 31 being attached 
to the Association’s head, office and laboratories at 
29, Park-crescent, London, W.1. [Researches in 
progress include work on the physical metallurgy of 
alloy-steel welding, weldability tests for specificaticn 
purposes, the relation between the release of hydro- 
gen and the type and distribution of inclusions in 
weld metal, the cracking of welded mild-steel gas 
mains, the actual load-carrying capacities of 





welded-steel structures with rigid connections, 


Chairman,” and surveying the shipbuilding scene 


stresses in welded pressure vessels, the making of 
beam and column connections in welded building 
structures, the testing of mild-steel electrodes of 
the deep penetrating type, the fabrication of pipe 
connections and fittings by welding, the fusion 
welding of magnesium alloys, and the spot-welding 
of mild steels and light alloys. Investigations are 
in progress in the Universities of Birmingham and 
Sheffield, in the Engineering Laboratory of Cam- 
bridge University and in other centres, as well as in 
the Association’s own premises in London and at 


Abington. 


Tue SHEFFIELD STEEL INDUSTRY. 


In the course of his speech after his installation as 
Master of the Cutlers’ Company of Hallamshire, in 
Sheffield, on October 5, Lieut.-Colonel J. P. Hunt, 
T.D., said that the steel industry, particularly that 
of Sheffield at the present time, was solvent, united, 
and free from strikes. There was little or no 
absenteeism ; the methods employed were efficient 
and modern ; the quality of the goods produced was 
unequalled anywhere, and, above all, the rate of 
production was the highest on record, with the 
promise of an even higher rate to come. These 
achievements were due to a number of factors, 
prominent among which were the inherent crafts- 
manship and technical pride shown by the work- 
people. Another factor was the very long tradition 
of trust and understanding between employers and 
employed. Many of those present either worked in, 
or directed, family businesses and numbers of these 
had been founded by working men, who sprang 
from humble origin and had succeeded by virtue of 
brains, hard work and honest business principles. 
Finally, the industry’s research organisations were 
active and progressive. Sheffield’s output of tools 
of all descriptions was unequalled for quality and 
was universal in range. The turnover of such 
products manufactured in Sheffield, in one year, 
exceeded 15,000,000/. in value. Moreover, the 
export target for the City’s cutlery industry was in 
the neighbourhood of 6,000,000/. per annum. If 
the present high rate of production were continued, 
unhampered by bureaucracy, Sheffield-made goods 
could supply the vital needs of agriculture, the light 
and heavy engineering and numerous other indus- 
tries, and the three Services. 


Society or MopEL AND EXPERIMENTAL ENGINEERS. 

The premier model-engineering society in this 
country celebrated the jubilee of its foundation with 
a dinner at the Albert Restaurant, Victoria-street, 
London, S.W.1, on Monday, October 11. Mr. J. 
Crebbin, one of the founder members present, and 
the first vice-chairman of the Society, replied to 
the toast of ‘‘ The Original Members and Guests,” 
and presented the Society with a cheque to start a 
fund for a suitable permanent headquarters. The 
Society already have a workshop, but require more 
commodious mises with room for meetings. 
In the absence of Lord Forres, president, the chair 
was taken by Mr. J. Latta, who, in proposing the 
toast of the Society, reviewed its early history: An 
informal meeting was held in London, on October 4, 
1898, to discuss the formation of the Society. The 
objects of the Society and the rules were soon decided 
and, within about eighteen months, a railway track 
had been built. Mr. Latta said that, thanks largely 
to the loyal efforts of some of the members, the 
Society had been kept alive through the two World 
Wars. The company regretted that Mr. Percival 
Marshall had not lived to be present on the occasion, 
although he had had the satisfaction of witmess- 
ing the jubilee of his paper, The Model Engineer. 
Another speaker referred to the “ S.M.E.E. Affilia- 
tion ”’—a scheme under which about 40 model- 
engineering and allied societies had become affiliated 
to the S.M.E.E. He said that those concerned with 
this innovation had been anxious to avoid too much 
formality and “direction from the centre,” because 
that would have been an anathema to the majority 
of model engineers whose primary interest was the 
unfettered practice of their craft. He felt sure that 
they had been successful in this. The exhibition 
which was held earlier this year at the Imperial 
Institute, South Kensington, in connection with the 
jubilee of the Society, was briefly described on page 





495 of our previous volume. 
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LETTERS TO THE EDITOR. 


LOCOMOTIVE POWER, EFFICIENCY 
AND RATING. 
To THE Eprror oF ENGINEERING. 

Sir,—In reply to Mr. R. Opie’s letter, on page 352, 
ante, I have to say that I wrote under the self- 
imposed limitation of considering only what is 
known to be practicable; comment outside that 
limitation is too likely to be mere waste of space. 
As Mr. Opie sets store on “fully effective” and 
“‘ effective utilisation ” he should explain in what 
hitherto untried manner he assumes that condition 
to be attainable in practice, remembering that a 
locomotive must be a reliable revenue-earning 
machine and not just a topic for academic dis- 
cussion. 

No error is involved in assuming the operating 
conditions quoted in my last letter. They are 
typical of what produces the highest efficiency in 
practice, but even considerable departures from 
them make no difference to the point at issue. 
Neither variation of clearance volume nor variation 
of cut-off make any appreciable difference to the 
gain in efficiency by raising boiler pressure ; it is 
always too small to be of practical value. A single- 
expansion engine gains nothing from expansion 
ratios higher than about 4 to 1; compounds may 
profit from higher ratios, but they have not yet 
done so. None of this conflicts with correctly 
applied theory. 

No test on steam locomotives has yet shown any 
efficiency-gain that could be ascribed solely to 
adoption of a boiler pressure higher than about 
180 lb. per square inch, although some test results 
have been published in ways that mislead the 
unwary. In other words, there is neither proof nor 
reason to believe that any efficiency yet attained in 
a locomotive could not have been achieved with a 
boiler pressure of 180 lb. per square inch. 

Perusal of the articles on “ British Locomotive 
Practice and Performance ” in The Railway Maga- 
zine for the last 50 years will show that the develop- 
ment of 50 drawbar h.p. per square foot of grate 
area is a fair indication of the maximum output of 
British express locomotives of widely different types 
with grate areas from 20 sq. ft. to 50 sq. ft. This 
represents actual achievement; there is no guar- 
antee, of course, that it is the utmost possible. 

Yours faithfully, 
W. A. Tupuin, D.Sc., M.I.Mech.E. 

390, Wakefield-road, 

Huddersfield. 

October 11, 1948. 





RECONSTRUCTION OF CHEPSTOW 
RAILWAY BRIDGE. 


To THE Eprror oF ENGINEERING. 

Sir,—The outstanding point which strikes the 
reader of the article, on page 321, ante, on the recon- 
struction of the land spans of the bridge over the 
River Wye at Chepstow, is the large amount of 
temporary steelwork, weighing just under 300 tons, 
required for the erection of 600 tons of permanent 
steelwork. The cost of transporting, erecting, and 
dismantling this temporary work, plus the cost 
of driving timber piles in the river, must have made 
this comparatively small bridge reconstruction an 
extremely costly piece of work. Since single-line 
working is permitted for the whole period of recon- 
struction, one feels that an alternative method of 
erection, eliminating the temporary trestling, could 
have been devised at much less cost. 

The plate girders forming part of the queen-post 
trusses of the river span are of the same age as the 
land-span girders, and undoubtedly are showing 
signs of fatigue similar to the girders recently 
replaced, yet it hardly seems logical to expect these 
to have a longer life without inviting trouble. After 
all, 96 years is a great deal more than the average 
expectancy of life,- usually about 50 years, for 
bridge girders, particularly when they have to 
carry much heavier traffic than that for which 
they were designed. One naturally asks whether 
these other girders are scheduled for reconstruction 
in the very near future. 


Points of interest which would have been equally 
as absorbing as the article, would have been a 
description of this early masterpiece of bridge 
engineering, paying particular reference to the 
ingenious wedge device adopted by Brunel for 
adjusting the load imposed on the tube and links of 
the main span through the plate girders. Also, 
something even more interesting and instructive 
to the bridge specialist would have been the publica- 
tion of the stresses in the old plate girders, and photo- 
graphs showing the amazing extent of the crippling 
of web and flanges, without complete failure, of 
one end of one plate girder about four years ago—- 
a weakness which no doubt precipitated the recon- 
struction of the land spans of this bridge. The 
photographs would have illustrated the limita- 
tions of our knowledge of the behaviour of web 
plates in girders. 

The article states that the wrought-iron girders 
weighed only 17 tons each, yet it is reasonably safe 
to say that they have been replaced by steel plate 
girders weighing between 30 and 35 tons each. Are 
those responsible for this modern design profiting 
by the examples of the earlier railway engineers ? 
Since the old girders in this particular bridge had 
been carrying modern traffic for a good number of 
years, it does seem uneconomical to produce a 
design so excessive in weight in these days of acute 
steel shortage. The reason may be that the Western 
Region is still vsing, as in 1940, the obsolete Board 
of Trade formule on the low basic tensile stress of 
4-66 tons per square inch, to give a maximum 
tensile working stress for static loads of 7 tons per 
square inch. If this be the case, then the inference 
is that bridge design should be reviewed in order to 
bring Western Region practice in line with modern 
design. For many years now, a tensile working 
stress of 8 tons per square,inch has been universally 
accepted, and recent recommendations have been 
made to increase this to 9-0 tons per square inch, 
with the idea of effecting economy in the use of our 
precious steel supply. 

Yours faithfully, 
W. T. Witxs. 
6, Regent-street, 
Coventry. 
October 6, 1948. 





THE BRITISH ASSOCIATION 
MEETING AT BRIGHTON. 


(Concluded from page 353.) 


DigseL Enorves ror Roap TRANSPORT. 


For the final session of the meeting, held on the 
morning of Tuesday, September 14, the first item 
on the mme was a paper by Sir Harry R. 
Ricardo on “ Diesel Engines for Road Transport,” 
which we hope to reprint in an early issue. It was 
read by the author and illustrated by a number of 
lantern slides. At its conclusion, Wing-Commander 
Cavé-Browne-Cave, who occupied the chair, thanked 
the author for the interesting and valuable informa- 
tion he had given in the paper, but explained that 
the time available would not permit it to be dis- 
cussed. 

He wished to take the opportunity that then 
presented itself of thanking the officers of the 
Section for the work they had done to make the 
meeting a success. Of Professor Willis Jackson, 
the Recorder, he said his work had had to be carried 
out at a time when he had also a great deal to do in 
connection with the Applied Mechanics Conference 
in London, and the Section would learn with regret 
that, owing to pressure of work, Professor Jackson 
was unable to accept the office for next year’s 
meeting. From his own experience, the President 
well understood the difficulties of the office, and had 
been greatly impressed by the manner in which 
Professor Jackson had handled them. Of Mr. D. H. 
McPherson, who had acted as secretary of the 
Section for two years, the President said he had 
done particularly useful work, not only during the 
meetings, but also in connection with the early 
preparations. Finally, referring to the local secre- 
tary, Mr. P. E. Sleight, he said few could be aware 





of all the detailed work he had done, but it should 


be obvious that it had been done well as the. result: 
had been so highly satisfactory. The President’s 
remarks were received with applause. 

The remainder of the morning session was devote:| 
to a joint discussion with Sub-Section A* (Mathe- 
matics) on the subject of “‘ Applicable Mathematics,’ 
but it will be convenient to defer our report oh this 
in order to mention briefly a visit paid in the after- 
noon to the works of Messrs. Ricardo and Compan, 
(1927), Limited, at Shoreham-on-Sea. As most of 
our readers are doubtless aware, Messrs. Ricardo ar 
a firm of research and consulting engineers with wide 
connections in the internal-combustion engine indus- 
try and carry out research work for Government 
departments and private clients. The visitors were 
able to see work in progress in the various test 
shops, on petrol and compression-ignition engines, 
fuel tests with variable-compression engines, a highly 
supercharged compression-ignition engine under 
test, and air compressors for supplying supercharged 
engines. Engines were shown in different stages 
of construction in the machine and fitting shop, and 
in the physical laboratory some of the equipment 
referred to in Mr. J. G. G. Hempson’s evening 
lecture on Thursday, September 9, was seen in use. 


APPLICABLE MATHEMATICS. 


The remainder of the morning of Tuesday, 
September 14, was devoted to a joint discussion 
with Section A* (Mathematics) on ‘ Applicable 
Mathematics.” In introducing it, Wing-Comman- 
der Cave-Brown-Cave said that some persons felt 
uneasy in applying the mathematics they had been 
taught, and it had been arranged therefore for a 
group of papers to be presented dealing with the 
applicability of mathematics in order to show that 
the mathematics taught was not more difficult than 
was necessary. Of the contributions then made 
the first was by Mr. D. N. de G. Allen, of Imperial 
College ; the next by Dr. J. A. Pope, of Sheffield 
University ; the third prepared by Mr. Frederick S. 
Snow, M.ILC.E., M.I.Mech.E., President of the 
Institution of Structural Engineers, and read by 
Mr, B. Scruby ; the fourth, by Dr. G. G. Macfarlane, 
of the Telecommunications Research Establishment, 
Malvern ; while the fifth and last contribution, by 
Professor W. G. Bickley, of Imperial College, 
summed up and commented on the four previous 
contributions. We propose to reprint them all in 
somewhat abridged form at the earliest opportunity. 

The discussion was opened by Sir Richard South- 
well, F.R.S., who said that from his point of view 
the significant factor about the meeting was the 
friendliness between the mathematicians and the 
engineers that had been revealed. Engineers had, 
perhaps, looked on the mathematician as a dilet- 
tante, and the mathematician had used the word 
“barbarian.” It must be recognised that in some 
matters the engineer and the mathematician must 
agree to differ; that being so, friendliness was the 
more important. He did not believe that the 
argument was one in which the views of one side 
must prevail because the views of the other side were 
wrong. There was an essential difference in outlook 
between the mathematician and the engineer at 
any level, which came from the fact that the pure 
mathematician’s urge was towards abstraction. 
The books of the great pure mathematicians showed 
an intense desire to get rid of anything resembling 
pictorial thought ; they exercised the greatest care 
not to allow the argument to become, as it were, 
warped by geometrical misconceptions. The mathe- 
maticians knew their business best. In his view, 
however, pictorial thought, or what might be 
called power of visualisation, was essential to the 
engineer in his treatment of mathematical problems 
at any level. He was not thinking only of the 
visualisation of forces and the ability to think in 
three dimensions ; he had in mind such matters as 
the ability to visualise a differential equation in a 
sort of physical way. For example, Laplace’s 
equation was satisfied by a soap bubble if the dis- 
placement of the soap bubble from a plane were not 
unduly great. Therefore, the question as to whether 
a solution existed to the problem of solving Laplace's 
equations with a given shape of boundary and with 
given values of the unknown function at the boun- 
dary was not a problem which need cause trouble 
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As an engineer, Sir Richard believed it was not 
necessary to present variational methods to the 
engineer as though they were unduly highbrow, 
because the engineer had for long used a variational 
method in structural work when he employed the 
principle of least work. Perhaps fewer had been 
accustomed to variational methods when dealing 
with network problems, where neither function was 
aminimum. The idea of minimising strain energy, 
or heating due to electrical resistance in a network, 
was not new to the engineer. What was needed to 
bring that technique to the ordinary engineering 
student were more examples of the way in which the 
governing equation could be deduced from the 
variational principles. That particular point of 
view was adopted quite consistently by Rayleigh 
in his Theory of Sound, which, in Sir Richard’s view, 
was one of the greatest books of all time for the 
study of engineering. 

Mr. R. A. Fairthorne, who followed, emphasised 
the importance of ascertaining the real nature of a 
problem, because when this had been done the 
problem was more or less solved. It was much 
easier to explain what was being done and the 
reason for it to engineers or lawyers because they 
had of necessity to consider complex problems and 
work out the fundamentals. A pictorial visualisa- 
tion of a problem from the point of view of anybody 
who was an applicable mathematician was essential. 
For some years he had devoted a good deal of time 
to the making of animated diagrams and film strips 
of mathematical problems, and they were proving 
very useful. He would not advocate pictorial 
attempts to deal with actual details of technique, 
but they were extremely good for giving the general 
principles. 

Professor H. 8. Ruse said that among his students, 
the engineering students were the keenest and most 
alive; they would ask for further lectures on a 
subject if they felt that the course had not dealt 
with it sufficiently. Engineering was not a science, 
but a group of sciences, and there was hardly any 
mathematics, even the most abstract, which was 
not applicable to it at some time. It seemed that 
what the engineer required from the mathematician 
was as much the mathematical way of looking at 
things, and thinking of them, as the actual technique. 
In the teaching of mathematics he felt there was a 
certain danger in aiming too precisely at a particular 
object ; he would have thought it better to give 
some groundwork of ideas. The next speaker, 
Professor S. J. Davies, agreed with Professor Ruse, 
and said that he did not wish his mathematical 
colleagues to become semi-engineers in their teaching 
of mathematics; he wished them to teach it as 
mathematicians. It was one of the great advan- 
tages of engineering education in the university that 
the student there met people with differing view- 
points. It might be possible to predict what mathe- 
matics would be useful to engineers if one looked 
ahead for only three or four years ; but who could 
say what the developments would be twenty years 
hence, when the present young engineer became a 
really useful member of society ? It was impossible 
to say what mathematics he would need then ; and 
it was best therefore for him to have a good ground- 
work on which he could build as required. In con- 
clusion, Professor Davies mentioned that some 200 
years ago Euler, who was a mathematician, had laid 
down the principles on which a water turbine 
should be designed. Recently, a water turbine had 
been constructed at Ziirich to Euler’s specification, 
and it had an efficiency of between 60 and 70 per 
cent. 

Professor W. G. Bickley, commenting on the dis- 
cussion, said he had often thought that Sir Richard 
Southwell rather over-emphasised the difference 
between the mathematician and the engineer ; but 
he agreed with Sir Richard that there was a differ- 
ence of outlook, which made it all the more impor- 
tant that the two should be friendly and each should 
at least endeavour to understand the point of view 
of the other. He sympathised with Mr. Fairthorne’s 
point of view, that it was desirable to be able to 
appreciate all the points that represented the crux 
of any particular problem. It seemed to him that 
mathematics, with its conciseness of expression, 
formed a language which made it more possible, if 
one could use that language, to arrive quickly at 





the crux of a problem. His experience agreed with 
that of Professor Ruse, that engineers were keen 
students ; they were willing to take mathematics as 
mathematics, as Professor Davies had suggested, 
and he agreed that mathematics as taught to the 
engineer should certainly not be just a series of 
ad hoc methods for doing particular jobs. The 
generality and the abstraction had to come; but 
it was necessary to start with an appreciation of the 
engineering student’s mental attitude towards such 
matters. 

No other member wishing to speak, the President 
said that the business of the Section for the Brighton 
Meeting was concluded, except for the adjourned 
discussion on his address, which would be taken in 
the evening of that day instead of on the following 
morning, as previously arranged. 


THe YounGc ENGINEER. 


At the evening meeting, which was well attended, 
the President first summarised his address, which 
was reprinted, in abridged form, on pages 287 and 
295, ante. The President’s summary was followed 
by a long and animated, discussion, in which some 
20 speakers took part. From considerations of 
space, however, we are only able to refer briefly to 
some of the points raised. One of these points was 
the value of correspondence courses, which were 
advocated by one speaker, another mentioning that 
they thrived well in Australia, where the distances 
involved were so vast that many persons were 
unable to attend established educational institu- 
tions, but he thought that correspondence tuition 
should be supplementary and not basic. Several 
speakers were in agreement regarding the value of 
mathematical training, and others stressed the 
advantages of the acquisition of manual skill. The 
value of an historical background in engineering 
training was alluded to by one speaker and another 
called attention to the need for training young 
engineers in administrative work. Other points 
referred to were the value of discussions on technical 
matters, the disadvantages of too early specialisa- 
tion, the lack of agreed standards in awarding 
university degrees in engineering, and the value of 
lectures illustrated by cinematograph films. One 
other important matter mentioned was the need for 
young engineers to know and thoroughly understand 
the essential principles of engineering science. 

At the conclusion of the discussion, the President 
commented on some of the points raised. His only 
criticism of correspondence courses, he said, was 
that they were aimed too directly at examinations. 
If they were directed more to future application, 
they would be excellent. He agreed fully with the 
speaker who had called attention to the value of 
discussion. He did not think it desirable for engi- 
neering degrees to be standardised. It would be 
cound to teach some metallurgy to the engineering 
student, but not much. The student need not 
know how to polish and etch metals, but he should 
be taught the intelligent interpretation of photo- 
micrographs. The President agreed that it was 
important to teach subjects concerned with indus- 
trial administration, but did not think these subjects 
came properly into the degree course. The time to 
teach them was after the university course, when 
graduates had made some progress in their firms 
and had begun to encounter industrial problems. 
Regarding the relations between mathematicians 
and engineers, the President recalled that in 1915 
he had made the experiment of employing lady 
mathematicians to make calculations in connection 
with the design of non-rigid airships. They had done 
the work well, though they had claimed to know prac- 
tically nothing regarding the engineering aspects of 
the problems. Lady mathematicians had been em- 
ployed to a large extent on aeronautical calculations, 
and many had gone on to more technical matters. 
Finally, the President said his object in dealing in 
his address with the education of the young engineer 
was gradually to collect a number of conclusions, 
based initially on his own experience, but more 
particularly on the experience of the great variety 
of engineers who would discuss the subject. He 
thanked those who had taken part in the discussions 
and also those who had written to him on the 





subject. This concluded the meeting and the 
members then dispersed. 





THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 355.) 


As on the two preceding days of the autumn 
meeting of the Institution of Naval Architects, 
held in London from September 21 to 24, the 
morning of Thursday, September 23, was devoted 
to a technical session and the afternoon to visits. 
The morning session, at which the President 
(Admiral of the Fleet Lord Cunningham) took the 
chair, was held jointly with the Institute of Marine 
Engineers, to whose members the President ad- 
dressed a few words of welcome in opening the 
proceedings. The Institution and the Institute, 
he said, had set up a joint committee to consider 
matters of common interest and already much 
useful work had been accomplished. It was essential 
that naval architects and marine engineers should 
work in the closest harmony and with the fullest 
understanding of each other’s problems, and he felt 
that the establishment of the joint committee was 
a step in the right direction. 

Two papers were presented at this session, these 
being ‘“‘ Notes on the Behaviour of H.M. Ships 
during the War,” by Mr. N. G. Holt, C.B.E., 
R.C.N.C., and Captain (E) F. E. Clemitson, R.N. ; 
and “Steam Gunboat Machinery—A Lightweight 
Steam Plant,” by Commander (E) H. A. K. Lay, 
R.N., and Commander (E) L. Baker, D.S.C., R.N. 
Summaries of these papers, and of the discussions 
upon them, are given below. 


Benaviour oF H.M. SHips DURING THE War. 


The paper by Mr. Holt and Captain Clemitson 
was intended, said the authors, to give a general 
picture of technical difficulties which arose during 
operation of the fleets in the recent war ; difficulties 
which were increased by the widespread nature of 
the operations and by the changes in fighting 
conditions resulting from the advent of modern 
weapons. Additional high-angle guns, improved 
fire-control systems, radar, etc., had serious effects 
on the stability of the older ships; but, though 
certain structural weaknesses were revealed, the 
ships and their machinery, on the whole, gave 
proof of the essential soundness of their design. 
No real weaknesses were revealed in the case of 
machinery, but certain new troubles (notably, 
“scab pitting”) were encountered in boilers sub- 
jected to long periods of hard steaming, and much 
was learned about the vulnerability of machinery 
to the shock of underwater explosions and “ near- 
thiss ”’ bombs. Ventilation and lagging were found 
to stand in need of improvement under modern 
war-time conditions. 

Specific incidents mentioned included a severe 
gale, of which the battleship King George V made 
heavier weather than her attendant destroyers, 
losing some boats and having one engine-room 
flooded through a ventilation trunk. In the same 
storm, the cruiser Sheffield lost the roof of a 6-in. 
gun turret. On various occasions, weather decks 
gave trouble; and damage to superstructures 
suggested the need for alterations in design. In 
some destroyers and small vessels, bilge keels were 
damaged or even ripped off; the flight decks of 
aircraft carriers suffered severe structural damage ; 
and difficulty was experienced, in several battle- 
ships, in maintaining the watertightness of decks 
round barbettes. Rudders and steering gear, 
bridge structures, and masts were found to need 
strengthening or re-design ; and much blast damage 
was caused to equipment below decks, in the neigh- 
bourhood of gun turrets. On the engineering side, 
in addition to the “scab pitting” previously 
mentioned, some trouble was encountered with the 
circulation in boilers, with bonded deposits on 
heating surfaces, and with boiler refractories. 
Vibration due to the interaction of propellers, 
especially in certain aircraft carriers, was mentioned 
also. Another problem was the rapid wearing 
of lignum-vitae bushes in A frames. Of a more 
general character were certain deficiencies in the 
arrangement of machinery, leading to extensive 
damage by single hits in particular positions ; an 
example cited was the loss of H.M.S. Ark Royal. 
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Pumping, flooding, oil-fuel and petrol stowage, and 
general habitability under action conditions were 
other points discussed in this particularly informa- 
tive paper. 

The President, in opening the discussion, com- 
menting on the reference to one bomb hit and a 
close miss near the boiler rooms, which put H.M.S. 
Warspite out of action, said that it was not the 
only such case. When the Italians exploded a 
small mine under H.M.S. Queen Elizabeth, under 
*“B” boiler-room, the ship was put out of action 
completely ; he would not have believed it possible 
that a ship built so stiffly as a battleship could 
whip so much as she did. A bomb of about 500 lb. 
hit H.M.S. Warspite on the starboard side forward, 
and exploded on the armoured deck. Afterwards 
she could steam at about 19 knots, but so far as 
fighting was concerned she was almost completely 
out of action. It was considered highly dangerous 
to fire the main 15-in. armament. She was away 
from the fleet for well over a year. He emphasised, 
however, that he did not intend to run down the 
modified design of the ships, but paid tribute to the 
courage and the wisdom of the decision to modernise 
them, old as they were, and to the great skill of 
the designers of the propelling machinery and the 
alterations to the hulls. He asked how it was that 
Italian battleships, having had a couple of torpedoes 
in them, were again and again able to steam, 
sometimes for days, at more than 20 knots ; though 
they were not quite so invulnerable as it appeared— 
the Roma was sunk by one bomb while H.M.S. 
Warspite had stood up to two. Discussing cruisers, he 
referred to H.M.S. Coventry, an old ship, much 
overloaded with guns and ammunition. The lower 
part of her bow was blown away, and a dummy 
bow was built down to just below the water line ; 
yet for two months she had escorted convoys—a 
wonderful piece of repairing. Commenting that the 
Navy had entered the war with a very out-of-date 
ventilation system, he asked what had happened 
to the report of the Ventilation Committee of 1938, 
on which some of the most distinguished scientists 
in the country had served. 

Vice-Admiral A. D. Read, who was in command 
of H.M.S. Liverpool when she was damaged in 1940, 
said that a torpedo dropped from an Italian aircraft 
had wrecked a compartment in which was stowed 
about 5,000 gallons of aviation spirit. The damage 
was not such as to cause undue anxiety at first ; 
but about half an hour afterwards the petrol, in 
spite of being surrounded by 70 tons of water, 
in accordance with the rules, came on to the mess 
decks and mixed with the air; there was an 
explosion which had practically blown off the bows 
of the ship. She was taken in tow, stern first, 
by the cruiser Orion. Towing became difficult 
next morning, for the port side had broken away 
and the whole stem had swung over to starboard ; 
the ship rode up on the port quarter of the Orion 
and the tow was soon parted. Before trying to 
get rid of the forepart he had examined the star- 
board side to determine whether, when the bow 
broke off, it would open up the side plating further, 
like a sardine tin, or whether it would break off at 
the same place as on the portside. It was concluded 
that the double-riveted butt-strap down the side 
would resist the sardine-tin action, and, in the 
event, that proved to be so; the bow broke off at 
exactly the same position on the starboard side 
as on the port side. The vessel was towed to 
Alexandria. Altogether, he had steamed more 
than 200,000 miles during the war, and never 
experienced any serious mechanical breakdowns. 

Rear Admiral (E) G. H. H. Brown recalled that 
much worry was caused during the war by severe 
corrosion of steel condenser doors and, the doors of 
other heat exchangers. Various coatings were tried, 
mostly without success ; recently it had been found 
possible to use rubber coatings, and they contem- 
plated trying to insulate the doors completely. 
Rear-Admiral Brown suggested that the lessons 
learned about minimising the effects of shock were 
also applicable to merchant vessels. Although 
many of the difficulties experienced might have been, 
and, in some cases, were, foreseen, financial and 
treaty limitations during the pre-war years had 
prevented the introduction of many features which 
subsequently were found to be essential. 





Mr. R. J. Daniel, amplifying the authors’ remarks 
on the County and London classes of cruisers, said 
that, due to treaty restrictions, those vessels were 
designed with scantlings which were reduced to the 
barest minimum, and very high stresses were 
accepted on the structure when balanced on the 
standard wave. Britain's insistence in obeying the 
spirit as well as the letter of the Naval Treaty, and 
the inevitable desire of the naval staff to get the 
proverbial quart into a pint pot, had meant that, 
structurally, the vessels had little in hand to carry 
the inevitable growth that occurred during years 
of service. Those facts were represented to the 
Board of Admiralty and accepted by them at the 
time. The general leakiness resulting from the 
reduced scantlings in war-time conditions was to be 
expected. The authors’ remarks on the structural 
strength of the reconstructed H.M.S. London had 
given him, at least, a slightly false impression. The 
implication seemed to be that, although the designer 
or reconstructor had appretiated the need for 
added structural strength and did, in fact, double 
the sheerstrake along the midship portion, he had 
forgotten that that would raise the neutral axis and 
increase the keel stresses; but nothing could be 
farther from the truth. 

It had been British practice to fair the forward 
end of aircraft carriers into the flight deck, whereas, 
until recently, the United States Navy made the 
forward end of the flight deck separate from the 
ship’s hull and supported it with built-up cantilever 
girders. The principa] damage to the comparatively 
light plating at the forward end of British carriers 
was due mainly to the impact of tremendous seas 
in the North Atlantic, and he wondered how the 
American carriers would fare. In two weeks during 
May, 1945, he had seen two Essex-class carriers 
seriously damaged. The first had the flight deck 
hanging down on each side of the bow, after being 
lifted and dropped by the wind in a typhoon. 
The other carrier was damaged when an Army 
Air Force pilot crashed on the forward end, produc- 
ing almost identical damage plus a fire which had 
ignited the wooden planking. With regard to 
destroyers’ masts, he found it difficult to reconcile 
the tripod and lattice masts in British vessels with 
the well-stayed steel pole masts of the American 
vessels, each of which seemed to carry quite as 
much radar and signal equipment as did the more 
bulky British masts. The authors had said that 
the braced lattice structure which replaced the tripod 
had proved satisfactory in service ; but it had not 
proved popular, especially with commanding 
officers, when attacked by an aircraft which could 
not be seen. He was always puzzled to know 
why sick bays were sited beneath the weather deck 
and between “A” and “‘ B” barbettes, where, in 
practically every class of vessel, all glass fittings, 
etc., were broken when the guns fired. Commenting 
that Lord Cunningham was the first chairman of the 
Ventilation Committee, but was subsequently 
relieved to go to other fields, he said that the 
Committee’s report was used by the Director of 
Naval Construction in re-fitting the ventilation of 
warships both before and during the war. 

Mr. H. F. Sherborne, referring to Lord Jellicoe’s 
book, The Grand Fleet, in which were related some 
of the troubles experienced in that Fleet during the 
1914-18 war, said that, in the first 250 pages, there 
were no fewer than 23 references to capital ships 
not being at the Commander-in-Chief’s disposal 
because of condenser trouble. It was now trué 
to say, however, that that nightmare could be 
regarded as past. Quoting a statement from the 
paper that some of the King George V class battle- 
ships had hot-water systems which were a 50-50 
mixture of copper and galvanised-steel piping, due 
to a complete stoppage of the supply of copper, 
Mr. Sherborne suggested that the authors had been 
misinformed. He could not believe that such a 
state of affairs could have existed without coming 
to the notice of some of those in the copper industry ; 
if it had come to their notice, things would have 
been very different. 

Discussing a paragraph referring to impingement 
attack in copper piping due to the proximity of 
gunmetal valves, he said that air impingement 
attack, or corrosion-erosion, was very common 
throughout the systems, where salt water had to be 





conveyed through copper tube, and it was probab|, 
true to say (or it would be very soon) that copper 
tube was no longer used for salt water in ship:. 
The copper-nickel-iron piping which was bein: 
tried for fire mains was a great improvement 01 
copper, and might take the place of copper for 
salt-water piping in all ships. Finally, he asked th 

authors to dispense with the adjective “pure ” 
when referring to copper piping. They had mean: 
copper as opposed to an alloy of copper but the 
term “pure copper” had a special meaning, for 
it referred to copper used for special high-conducti 

vity electrical purposes. If the authors reall) 
wanted an adjective, they could refer to “‘de- 
oxidised ”’ copper piping. 

Mr. D. E. J. Offord, inviting the authors to be 2 
little more explicit in their description of the struc 
tural troubles experienced during bad weather, saic 
that their remarks, when describing the behaviour 
of certain ships in a very severe gale, were more « 
criticism of the hull form of the ships than of their 
structural design. The larger ships might often 
be far wetter and no more comfortable than the 
smaller ones, but his experience was that, from a 
structural point of view, the heavier ship usually 
had the advantage. He recalled many occasions in 
the first World War when the speed of the fleet was 
dictated, not by what the large ships could stand, 
but by the inability of their destroyer escorts to 
proceed at any higher speed without severe struc- 
turafdamage. He did not think that “ general 
leakiness ” could be properly regarded as an indica- 
tion that the general structural strength was near 
the limit; it might be an indication that the 
riveted joints were inefficiently designed—that was 
recognised by the authors, for they had stated later 
that an improvement in the watertightness of the 
fo’c’sle decks of destroyers was achieved by sub- 
stituting double-riveted laps for single-riveted laps. 
Agreeing with the authors concerning the advis- 
ability of working small plates at the toes of brackets 
to the breakwaters, to avoid stress concentrations, 
he said that that general lesson applied to all 
brackets connecting on to deck plating or bulkhead 
plating. Commenting on a reference to the 
strengthening of pillars, he wondered whether 
pillars were, in fact, the correct means of supporting 
a deck ; experience indicated that often they were 
only a method of transferring the trouble from one 
deck to another and not of eliminating it. 

Mr. Offord was puzzled by a statement that, while 
the welding of the main hull in escort carriers was 
generally sound, the welding of the superimposed 
structure supporting the flight deck was often bad ; 
was it intended to infer that poor-quality welders 
and lower-grade inspection were intentionally em- 
ployed on superstructure work? Was it not pos- 
sible that the design of welding and other details 
had been given less complete consideration in the 
superstructures than in the main hulls? Heavy 
armoured barbettes had often proved a source of 
trouble from the point of view of watertightness. 
In his view, the deck should be designed to with- 
stand all the forces coming upon it, without help 
from the barbette structure, and vice versa. The 
watertightness of the deck could then be achieved 
by a flexible joint between the deck opening and 
the barbette armour. There was no doubt that a 
great advance was made during the war in the 
ability of the machinery and equipment to resist 
damage from the shock of underwater explosions. 
So far as equipment was concerned, designers had 
now to solve an equally important and no less 
involved problem concerning ability to resist damage 
by shock from explosions in air. 

Mr. Holt, replying to some of the points raised, 
said that the ships were designed on data which 
were necessarily limited by the amount of expendi- 
ture that had been possible up to the war; better 
alrangements could be made now. There was a 
great deal of luck in where a torpedo struck a ship ; 
in some cases, British warships had proved very 
resistant, and in others they were disappointing. 
Assuring the President that the subject of ventila- 
tion was taken very seriously, he referred to the 
Ventilation Committee of 1938, observing that that 
date was rather late from the point of view of 
enabling the ships which actually fought the war 
to take advantage of the Committee’s recommenda- 
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tions. Even so, war experience itself had shown 
that those 1 dations had to be modified 
considerably. From his own experience, a major 
mistake was to have ventilation inlets right forward, 
because in heavy weather they had to be shut down. 
The Admiralty had given a great deal of attention 
to shock effects in ships, and had endeavoured to 
pass this knowledge to the Mercantile Marine. 
While recognising the need for commercial economy, 
he felt that more might be done in merchant ships 
to protect them against modern dangers. 

He was not sure that Mr. Daniel’s liking for the 
American pole masts, as opposed to the British 
tripod masts, was quite justified. Many tripod 
masts did vibrate—when it was realised that the 
extra weight added, by way of radar, etc., might be 
three-quarters of a ton, placed 50 ft. in the air, it 
was not difficult to understand that there was some 
vibration ; but he agreed that the masts could have 
been better stayed. However, H.M.S. Duke of 
York, in her fight with the Scharnhorst, had half 
of her port strut and her main mast knocked away 
by ashell. Had it been a single-pole mast, however 
well stayed, he believed the whole structure would 
have come down. The tripod mast came back some 
thousands of miles successfully, through very bad 
weather, in spite of that damage. As Mr. Sher- 
borne had said, the fresh-water system on H.M.S. 
King George V was a 50-50 mixture of copper and 
steel, which any engineer knew to be a sin; but the 
conditions were then abnormal. The Admiralty 
were going over to copper-nickel-iron for fire mains, 
and it was hoped that this would give much less 
trouble in maintenance. One of the big troubles 
was fouling. The efficiency of the fire services 
depended on the fire main maintaining its clear 
cross-sectional area, but often that area was reduced 
to about 20 to 30 per cent. They were trying to use 
chemical injection methods to deal with the problem, 
but the work on this had not advanced beyond 
the experimental stage. 

He agreed with Mr. Offord that the failure of a 
structure occurred more quickly in a light ship than, 
say, in the average battleship; but the average 
battleship was just a half-tide rock in a seaway, 
whereas a destroyer, properly handled, would do 
fairly well. In an abnormal gale on the way to 
Iceland, when the wind was blowing at 100 m.p.h. or 
more, the destroyers were making better weather of 
it than the much larger battleship. Having 
examined several escort carriers which were heavily 
damaged in bad weather, he was sure that, as often 
as not, much of the trouble was due to bad welding. 
The ships were built by mass-production methods 
and the main hulls were welded very well; but the 
superimposed structures were welded by hand, and 
the welding was very poor in many cases. The 
escort carrier suffered more than many larger 
earriers because the flight deck overhung the open 
fo’c’sle deck and was ready to receive any seas 
that came on board in bad weather. He believed 
that H.M.S. Victorious was the first carrier which 
had suffered that structural trouble in bad weather. 
He had watched her durimy a particular voyage, 
pitching in very heavy seas. When she had 
reached Scapa, her bow was knocked in on both 
sides, right into the corners of the flight deck ; and 
that was 40 or 45 ft. above water. 

Captain Clemitson also replied briefly to the dis- 
cussion. With regard to the effects of explosions, 
he felt that, so long as propellers and outboard 
shafting were used to drive ships, there was a liability 
to trouble, even as the result of a single torpedo hit. 
The authors had tried to paint a large scene on a 
small canvas; space did not permit them to go 
into any detail, but they had tried to give a whole 
picture of the troubles and difficulties encountered 
during the war. Many points of detail had been 
dealt with already in papers presented to various 
societies ; no doubt others would follow. 

(To be continued.) 








Om Firing AT NEASDEN POWER STATION.—The 
third boiler at the London Transport Neasden gener- 
ating station to be converted from coal to oil firing has 
recently been put into commission. It is hoped to 
convert a total of four boilers, the fourth being completed 
by the end of this year. 


STATISTICAL METHODS IN THE 
IRON AND STEEL INDUSTRY.* 


By A. W. Swan, B.A.Sc., A.M.I.Mech.E. 


In the application of statistical methods to steelworks 
it has been found that “ Quality Control,” in the sense 
of the statistical Quality Control chart as applied on a 
large scale during the war in machine shops, in Royal 
Ordnance filling factories, and elsewhere, is not the 
only answer to the problems that have to be faced. 
The reason for this is two-fold. In the first place, 
statistical methods can also be applied very suitably 
to costs, to accident rates, and to labour problems. 
Quality Control, even in its broadest meaning, is too 
narrow a conception. Even in regard to the applica- 
tion of the statistical point of view to the control of 
quality, it was quickly found that the statistical 
Quality Control chart has not very often proved to 
be the most useful technique. It has been found that 
by far the most important techniques required to 
assist steelworks executives in solving special problems 
and helping in general management are Correlation- 
Regression in its various forms, and Analysis of 
Variance. Steelworks statisticians in the United 
States have come to the same conclusions. 

The importance of Correlation-Regression and 
Analysis of Variance are based on fundamental charac- 
teristics in the iron and steel industry. The blast- 
furnace, for example, is essentially a highly complex 
continuous process, with the charging of ore, coke and 
limestone at fairly short intervals, iron being ta ped 
separately from the bottom of the furnace at fairl 
regular, but not exact, intervals. Slag, waste material, 
is also tapped separately from the bottom of the 
furnace as and when required. Blast-furnace perform- 
ance, both in regard to Loring f and quality, has thus 
quite different characteristics from those which arise 
in a machine shop where an operation, such as the 
machining of a piston on a lathe, is fairly simple, more 
or less self-contained, and occupies only a short time. 

Similar considerations apply to the melting part of 
a steelworks process, whether this be open-hearth, 
Bessemer, or electric. In all cases, the charge is fed 
to the furnace and the steel is tapped into ingot moulds 
when ready. The i , when cool, go to the soaking 
pit, where they are ught to an even temperature, 
and then to rolling. If problems connected 
with the melting section alone are considered, the time 
interval may be very considerable ; large open-hearth 
furnaces produce only one cast in 9 to 12 hours. Even 
the Bessemer process, which is relatively speedy, 
will produce not more than, say, two “ blows” per 
hour. Here again, are complex processes having 
relatively long time intervals. 

Another factor which is characteristic of all steel- 
works is that a long series of operations is necessary 
before the final product is reached, and while a certain 
amount of information is gained before the finished 
product is ready, and it is possible, for example, to 
reject a cast from a furnace because the analysis is not 
satisfactory, or to reject an ingot because it shows 
signs of cracks, it is on the whole correct to say that 
the final answer on quality is not really known until 
the finished product is ins . In the making of 
Bessemer rails we have the following : (1) hot metal 
to Bessemer ; (2) Bessemer “ blow”; (3) steel from 
Bessemer into ladle ; (4) teeminy steel from ladle into 
ingot moulds to form ingots; (5) stripping ingot 
moulds ; (6) ingots cooled ; (7) ingots in soaking pits 
to give even temperature correct for rolling ; (8) ies 

1 (cogging), stage 2 (rail mill) ; (9) special heat 
treatment of rails ; and (10) cooling of rails. 

It is not difficult to appreciate from the above that 
the typical steelworks pablen on quality is of a highly 
complex character. One important result of this fact 
is that it is seldom possible to give a speedy answer 
to any specific problem. This fact is fortunately 
realised by steelworks executives, and investigations 
carried out by statistical departments are therefore 
usually of a major character and may take several 
months. The length of this period, however, is not 
im t if the results are considered to be worth 
while, and executives do consider them worth while. 

An important point arises in connection with the 
information used. The investigator has theoretically 
a.choice between using ordinary works data recorded 
} gern sngcar 4 according to the routine practice, or, 
if this is unsatisfactory, of carrying out e iments. 
In regard to data three conditions occur: (1) data 
may be available which there is no reason to —— 
and which are reasonably well organised ; and (2) data 
may be available which appear to be reliable, but are 
not very well organised from the point of view of the 
statistician. In such cases, recommendations must 
be made for improvements in the practice, and the data 
resulting from such improvements used for analyses. 





* Paper read at a Joint Meeting of Section G and Sec- 
tion A* (Mathematics) of the British Association, at 


(3) Planned experiments ed be advisable and possible 
to arrange. ities for the statistical planned 
experiment are rarer than was expected. It is not easy 
to suggest, for example, to an open-hearth shop mana- 
ger that he should run hi» furnaces at certain levels, etc. 
Where the opportunity does exist it is used, as, for 
example, in an investigation which is proceeding at 
present on the distribution of temperatures and pres- 
sures in a billet-reheating furnace. One great advan- 
tage in this particular job is the fact that it has demon- 
strated to the fuel engineers concerned how much more 
information can be obtained from the statistically 
planned experiment than from the ordinary experiment. 

In view of the fact that the statistical work tends to 
be largely of an investigational character, using Cor- 
relation-Regression and Analysis of Variance as its main 
techniques, the organisation of a statistical department 
for a steelworks is somewhat different from that which 
would be set up in another type of industry. Actual 
calculation is a major part of the work in regard to 
man-hours required and adequate computing staff is 
essential in addition to the statistical technicians. The 
writer and two fully qualified statistician-assistants 
keep two computers, who are provided with electri- 
cally-operated desk calculating machines, fully en- 
ployed, and more computers would, in fact, be needed 
were it not for the fact that a considerable proportion 
of the preliminary work is now handed on to a Hollerith 
department with its own staff, which is situated in the 
same building. In this connection, it may be said 
that the value of the Hollerith equipment in statistical 
work is enormous where the data are at all massive in 
quantity, and a tribute is due to the development in 
this direction by the Mathematics Section of the 
National Physical Laboratory. 

The technical aspects of steelworks production are 
of extreme importance, and it is necessary for the steel- 
works statisticians either to have a knowledge of the 
technical processes with which they have to deal, or 
to acquire that knowledge as speedily and as thoroughly 
as they can. One of many examples is of the necessity 
for technical knowledge in an inquiry into the incidence 
of what are called misfit casts, these being casts from 
open-hearth or other furnaces where the carbon or 
manganese is not according to specification, i.e., carbon 
of 0-77 where the steel is to have a carbon 
within a range of 0-70 to 0-75. It was a comparatively 
simple matter to show that the variability was greater 
for the high-carbon than the low-carbon steels and 
to give the extent of the difference, but a very intensive 
study of the open-hearth processes, and particularly 
of the final stages, was necessary before any suggestions 
could be made as to how an unduly large variability 
could be reduced. 

A study is also needed of works organisation and 
general practice, and the steelworks statistician is, 
in fact, engaged in what is now called operational 
research. A good example of this type of study has 
occurred in an investigation into the percentage of 
defective rails produced by the acid-Bessemer process, 
with a view to giving the management information 
by means of which they could reduce this percent- 
age. Before any statistical work was undertaken, 
a careful study was made (1) of previous investi- 
gations that had been carried out on different sections 
of the process; (2) of current technical literature on 
Bessemer and ingot-pouring practice; and (3) of the 
general organisation of data at the plant concerned. 

As a result of the above it was suggested to the 
management: (1) that temperatures should be taken 
on a routine basis in the Bessemer converter, at ingot 
pouring, and at the first stage of rolling; (2) that 
the practice in regard to the hot stamping of the 
cast number, etc., on the rails could be improved ; 
and (3) that the information recorded at all stages 
in the process was good and presumed to be accu- 
rate, but was divided into sections under different 
executives. A single cast-history card was recom- 
mended as being essential for a statistical inquiry and 
probably of general use to the management. All of 
these recommendations were accepted and the Statis- 
tical Section was asked to undertake the design of a 
cast-history sheet which was proceeded with in con- 
junction with the works officials. 

This inquiry is an excellent example of the appli- 
cation of statistical methods in a steelworks in many 
ways. In the first place, there has been full co-operation 
between all the works officials concerned and the 
statisticians throughout the whole proceedings. 
Secondly, the results of the inquiry have been typical 
of the kind of results one expects to have from a 
thorough investigation of this character. A number of 
absolutely new facts were disclosed, as, for instance, 
a difference between the soaking pits, but in the main 
the value of the information has been to confirm or 
reject existing suspicions, and to place in order those 
effects on quality which were found to be significant. 
In a process where 80 variables were examined, it is 
very much to the management’s advantage to be told, 
for example, that there is no significant difference 








Brighton, on Monday, September 13, 1948. 
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shifts, but that there is a significant difference 
between the defectives associated with the three 
ingot-pouring shifts; furthermore, that the higher 
percentage associated with one shift can be linked 
with certain features of the practice of this shift, 
When those who undertook this work examined the 
report, there was a certain amount of misgiving 
because such a large number of effects proved not to 
be significant. This information, however, was received 
with considerable pleasure by one of the works execu- 
tives, who made the sensible observation : “‘ If you people 
had found everything wrong, I should be wondering 
if I am doing my job, but if you point as you have 
done to, say, a dozen things that I ought to look at 
specially, that is very useful.” 

Probably the most important point in connection 
with this investigation is that its recommendations 
are being put into effect on a routine basis. The 
inquiry thus shows an initial study of the problem, 
statistical analysis of the resulting data, and acceptance 
of the recommendations leading to executive action. 





CONTRACTS. 


MESSRS. WELLERMAN BROTHERS, LIMITED, Sheffield, 
have received an order from the London Midland Region, 
British Railways, for the reconstruction, in concrete- 
encased steel, of the bridge carrying the London Midland 
Region line over the North Eastern Region line at 
Guide Bridge, Lancashire. 


THE DEMOLITION AND CONSTRUCTION COMPANY: 
LimITED, 3, St. James’s-square, London, S.W.1, have 
been entrusted by the London Midland Region of British 
Railways with the transference of a hut from the Grove, 
Watford, to the Manor House, Bletchley, and converting 
it into a hostel dormitory of 24 cubicles. 


Messrs. Sclaky ELECTRIC WELDING MACHINES, 
LimITrep, Farnham-road, Slough, Buckinghamshire, 
have supplied the whole of the resistance-welding equip- 
ment for the factory which is being constructed for the 
manufacture of Austin motor cars in Canada. The 
equipment includes the firm’s P.S.A. 70 portable machines 
which have a nominal rating of 70 kVA and are capable 
of welding up to two equal thicknesses of } in. mild-steel 
Plate. 


The HymaTic ENGINEERING COMPANY, LIMITED, 
Redditch, Worcestershire, have received an order from 
the Argentine for portable mobile, and stationary 
compressor sets, paint-spraying equipment and pneumatic 
tools for garage and industrial purposes. Aircraft 
equipment is to be supplied to the Argentine Aeronautical 
Purchasing Commission in Europe. The firm has also 
received orders for pneumatic equipment for de Havilland 
and Percival aircraft, primarily destined for overseas 
markets. 


Messrs. PLatr BROTHERS (SALES) LimiTrepD, Oldham 
announce that at the conclusion of lengthy negotiations 
between the Polish Purchasing Mission in London, 
acting on behalf of the Textile Import Bureau, Lodz, 
Poland, and Messrs. DOBSON AND BARLOW, LIMITED, 
Bolton, a contract has been signed for the supply of 
** Nelson ”’ continuous spinning plant (including a large 
part of the preparation machinery) to produce 2} tons 
of continuous-filament rayon yarn a day. The value 
of the contract is 250,000I. 





BRITISH HEAT-PumMP INSTALLATIONS.—As mentioned 
on page 353 of last week’s issue of ENGINEERING, the 
Electrical Research Association would be grateful for any 
information on the present use of the heat pump in this 
country. Details of location, plant capacity, type of 
drive, coefficient of performance, source of low-grade 
heat and any operating experiences should be sent to 
Miss M. V. Griffith, The Electrical Research Association 
Laboratories, 5, Wadsworth-road, Greenford, Middlesex. 


THE LATE SIR ARTHUR WHITTEN-BROWN.—We regret 
to record the death of Sir Arthur Whitten-Brown, K.B.E., 
M.1.E.E., which occurred at Swansea on Monday, October 
4. Sir Arthur was 62 years of age. He was one of the 
earliest apprentices of the Westinghouse Electrical and 
Manufacturing Company and was afterwards employed 
by them in various positions, especially in the mining 
department. He joined the Royal Flying Corps as an 
observer in 1914 and with the late Sir John Alcock as 
pilot was the first to fly the Atlantic from Newfoundland 
to County Galway on June 14, 1919. For this flight 
in a Vickers “‘ Vimy” bomber they won a prize of 
10,0001. and were created Knights Commander of the 
Order of the British Empire. After representing the 
Vickers Aviation Company in the United States, China 
and Japan, Sir Arthur joined the Metropolitan-Vickers 
Electrical Company in 1923 as manager of their Swansea 
office, a post he was holding at the time of his death. He 
was elected an associate member of the Institution of 
Electrical Engineers in 1912 and was transferred to the 
class of member in 1920. 





LABOUR NOTES. 


A JOINT meeting of the National Coal Board and 
the executive committee of the National Union of 
Mineworkers was held in London on October 7 to 
discuss coal production with Mr. Hugh Gaitskell, the 
Minister of Fuel and Power. It was noteworthy that, 
in his address to the meeting, which lasted over an 
hour, Mr. Gaitskell put forward no new or detailed 
prenenh for increasing coal output, which is lagging 
ar behind the target figure for the present year of 
200 million tons of deep-mined coal, but dealt with 
the matter in a general way only, urging the need 
for a steady increase in production during the next 
eighteen months. The union’s executive and the Coal 
Board ultimately pledged themselves to do everything 
in their power to increase coal production, and agreed 
that it was desirable to take action promptly, with 
this end in view, at each pit. 


According to a statement issued by the Ministry of 
Fuel and Power, Mr. Gaitskell said that the contribu- 
tion which the country expected from the mining 
industry in the struggle to maintain our standard of 
living was a steady increase in coal exports. The 
present level of output was insufficient to maintain 
exports at their present rate, far less to enable them to 
be increased next year to 23 or 24 million tons. It 
was, therefore, essential to obtain an immediate 
increase in production, with a steady upward trend to 
the end of next year. To get this, there must be a 
better attendance at the pits, an increased proportion 
of miners at the coal face, and a more regular completion 
of the daily tasks on which output depends. The 
coming of public ownership had brought a pressing 
responsibility to management and men to ensure maxi- 
mum output and efficiency. Mr. Gaitskell urged 
“a strong drive, pit by pit, for greater productivity 
and lower costs.” 


During the course of the meeting, the question of 
the collection of income tax by P.A.Y.E. was raised. 
It was alleged that this has a deterrent effect on over- 
time and encourages voluntary absenteeism. A 
proposal was put forward to get over the problem by 
special adjustments in miners’ income-tax payments. 
It was eventually agreed that the National Coal Board 
should make a more thorough study of the effects of 
such proposals. The meeting also decided to set up a 
joint committee consisting of six members of the Board 
and six union officials, with a senior civil servant as 
chairman, to start work immediately and to submit a 
report to the Minister by the end of the month. 


This committee will consider four main problems, 
one of the most important being how to eliminate 
absenteeism. Improved methods of organising produc- 
tion, and the more efficient utilisation of man-power, 
including an increase in the number of miners at the 
coal face, by up-grading and other means, will be 
closely studied. The committee will endeavour to 
find means of securing better results from Saturday 
working, or from the additional half-hour a day; 
and how to improve output per man-shift at the coal 
face and overall. There is every sign that the 
committee will get down to its task as a matter of 
urgency. It may be recalled, however, that a working 
party for the industry, which is understood to have had 
some of these subjects under consideration, has been 
in existence for over three months. 


Few industrial developments took place during 
August. Pay changes during the month resulted in 
the full-time wages of some 550,000 workpeople being 
increased by a total of approximately 87,0001. a week, 
representing an average increase of well over 3s. 
The principal groups of employees affected by these 
increases included the civil engineering construction 
industry, the iron and steel industry, and Government 
engineering establishments. About 10,000 persons 
engaged in a few branches of the iron and steel industry 
had their wages increased and decreased by equal 
amounts during the month. There was a net decrease 
of 2d. and 1d. a shift in the wages of men and boys, 
respectively, employed in iron-ore mining and limestone- 
quarrying in Cumberland, which affected a total of 
2,000 persons. These changes were due to agreements 
by which wages fluctuate according to movements 
in the index of retail prices. 


The Ministry of Labour reports that 67,000/., out of 
the total of 87,0001. weekly increases during August, 
resulted from arrangements made by Joint Industrial 
Councils: or other joint bodies, representative of both 
sides of industry and established by voluntary agree- 
ment. A further 8,5001. arose from the working of 
sliding-scale agreements, based on the index of retail 
prices. The remaining 11,5001. resulted from a number 





of causes, including direct negotiations between em- 
ployers and workpeople. During the eight months 
ending on August 31, 63,000 persons employed in 
mining and quarrying received net increases amounting 
to 26,8001. weekly ; 420,500 employees in the metal, 
engineering and shipbuilding group of industries gained 
net increases of 131,2001. weekly; and more than 
1,028,500 workpeople engaged in building, civil engin. 
eering construction, and similar trades, received smal] 
net increases amounting to slightay more than 88,0()I, 
in the aggregate. 


Changes in the normal hours of work which came 
into force during August resulted in an average 
reduction of 34 hours a week forsome 12,000 persons out- 
side the engineering group of industries. In most cases, 
the hours were reduced from 48 to 44, or from 46 to 44. 
In one instance, the weekly hours of work beyond which 
overtime rates become payable were réduced from 
48 to 45. The employees involved had their normal 
hourly rates of pay increased so as to give about the 
same weekly wages as formerly in return for the shorter 
working week. These wage changes are in addition to 
those reported above. In all, during the first eight 
months of the year, approximately 300,000 persons, 
other than clerical employees, have had their hours of 
work reduced by about three hours weekly. 


The Ministry of Labour index of weekly wage rates 
remained unchanged during August at 106 for all 
classes of workpeople. For men alone, however, the 
index figure rose, during the month, by one point, 
also to 106. For women alone, the index remained 
at 108, to which figure it rose at the end of July last. 
For juveniles only, the index advanced from 108 to 
109. The comparative figure was 100 for all classes 
at the end of June, 1947, when the index was com- 
menced. The increases in the engineers’ wages, dating 
from early October, are expected to cause a sharp rise 
in the index, when the figure for this month is published. 


The index of retail prices for all items also remained 
unaltered during August at 108, after rising to 110 on 
June 15 last. The figure, for food only, fell from 108, 
on July 13, to 107, on August 17, mainly owing to 
changes in the prices of vegetables. The peak figure 
for food only was reached on June 15 last, when it 
stood at 113, as compared with only 99 on August 12 
last year. A number of increases took place during 
August in the prices for most kinds of men’s outer 
clothing and underclothing, particularly for suits and 
raincoats. Leather footwear prices were also increased 
in many cases. 


Industrial disputes rose sharply, both in number 
and intensity, during August. The Ministry of Labour 
Gazette reports that over 121,000 working days were 
lost as a result of the 144 disputes in progress during 
the month, in which some 34,000 workpeople were 
involved. The coal-mining industry was responsible 
for no fewer than 105 of these stoppages, in which a 
total of some 9,900 miners were involved, and 16,000 
working days were lost. Twenty-one disputes occurred 
in the metal, engineering and shipbuilding group of 
industries, in which 19,700 persons were concerned and 
some 77,000 working days were lost. Six disputes were 
in progress when the month began, and a further 138 
started during the month. Of this latter figure, 57 
stoppages, directly involving some 17,700 persons, 
were caused by disagreements on wage questions ; 
19 disputes, directly involving 5,500 persons, arose on 
questions respecting the employment of particular 
persons, or classes of workpeople ; and 60 stoppages, 
which directly involved 3,800 persons, arose from dis- 
agreements on other working arrangements: Two 
disputes arose on questions of trade-union principle. 
The total number of stoppages reported to the Ministry 
to the end of August amounted to 1,277, involving 
354,300 persons, and causing a loss to industry of more 
than 1,728,000 working days. 


In view of the increases in the engineers’ weekly 
wages, announced last week, following on the recom- 
mendations of the court of inquiry, it was agreed 
between the Shipbuilding Employers’ Federation and 
the Confederation of Shipbuilding and Engineering 
Unions to re-open negotiations direct on the claims of 
the 200,000 shipbuilding and ship-repairing employees. 
At a joint meeting in London on October 8, it was 
agreed that an addition of 5s. a week of 44 hours 
should be made to the war bonus of male employees of 
21 years and over, with proportionate increases for 
women and juveniles. It will apply to employees on 
both time rates and piece rates, and will operate as 
from the beginning of the first full pay week after 
October 8. The claim was originally for a weekly 
increase of 15s. 
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EXPERIMENTAL HIGH-VOLTAGE 
POWER-TRANSMISSION LINES.* 
By I. W. Gross and C. F. Wacner. 

To obtain the information on corona loss and radio 
interference which is required before intelligent con- 
templation of power transmission at extra high voltages 
can be undertaken, the American Gas and Electric 
Service Corporation with the co-operation of a number 
of manufacturing companies, has constructed three test 
lines that can be energised in small increments of voltage 
from 264 to 500 kV. A flat relatively level area along 
the banks of the Ohio River, just outside the Tidd 
power station of the Ohio Power Company at Brilliant, 
Ohio, 48 miles by road from Pittsburgh, was chosen for 
this purpose. Of the three lines, two are 1-4 miles 
long and the third is one span, 800 ft. in length. In 
addition to corona characteristics, the performance 
under sustained high voltage of transformer insulation, 
bushings, line insulators, lightning arresters, conductors, 
and other apparatus will also be determined. The 
test arrangements have been planned with the idea 
of making corona measurements on a full-scale trans- 
mission line energised by a full-size transformer and 
on other equipment closely similar to what would be 
used in extra high-voltage transmission. Provision has 
been made to vary the conductor size, type and arrange- 
ment, the spacing between conductors, the number of 
insulators, and the height of the earth wires. The 
effects of different atmospheric conditiors, such as fair 
weather, cloud, rain, fog, sleet, and snow, and of elec- 
tric earth gradients, will be studied by continuously 
recording devices. Studies will also be made on radio 
reception as influenced by corona and of insulator loss 

as affected by different atmospheric conditions. 

Fig. 1 is a plan showing the location and arrangement 
of the transmission lines. It will be seen that two of 
them are parallel for a little overa mile. Figs. 2 and 3 
show an elevation and plan of the test station. The 
three transmission lines are connected directly to the 
*bus bars in the test station without intervening circuit 
breakers and are fed through a 5,000-kVA bank of three 
single-phase transformers. Three single-pole arresters 
have been installed to protect these transformers. A 
single-pole low oil content circuit breaker, protected by 
an arrester, will be connected later to one ’bus bar to 
obtain service experience on its insulation. Measuring 
instruments, mounted on the top of the transformer 
bushings, will be read by a telescope from an observation 
booth located at a distance of about 65 ft. This observa- 
tion booth is fixed to the steel structure that supports 
the "bus bars and the two earthquake-proof lightning 
arresters. A movable tower is provided to service the 
measuring instruments. 

The two longer lines have average spans of 1,050 ft. 
and are each carried on seven towers. Two of the 
towers on each line are of the terminal type, one at the 
end of the line remote from the test station and the 


* A paper entitled “‘ Tidd 500-kV Project,” read before 
the Conférence Internationale des Grands Réseaux 
Hlectriques & Haute Tension, in Paris, on Thursday, 
July 1, 1948. Abridged. 
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other at the second tower from the test station where 
the line changes direction by 28 deg. The main dimen- 
sions of one of the suspension towers are indicated in 
Fig. 4, on page 381, while a photograph of this tower 
is reproduced in Fig. 5. The line conductors are 
about 85 ft. from the ground at the towers and about 
40 ft. high at mid-span. Provision is made on all 
three lines for the installatiou of two earth wires 
at 22, 28, 34 or 40 ft. above the conductors at the 
towers. These earth wires extend over the station 
and shield the *bus bars and equipment. Initially, 
earth wires were installed on only one line and were 
carried on suspension insulators. By permitting the 
earth wires to float electrically in space and then con- 
necting them to earth, the effect of the earth wire can 
be determined quite precisely under the two conditions 
when the weather is the same. Provision is made on 
the towers so that the spacing between the conductors 
is 45, 384 or 32 ft. The lines are so phased that adjacent 
wer of different lines are connected to the same 
phase. 

The three transformers used for stepping up the 
voltage from the supply at 69 kV were built in 
accordance with the principles that would be applied 
to commercial high-voltage power transformers. They 
are single-phase units with the neutral solidly earthed 
on the high-voltage side. Essentially, the same designs 
were used as would be used on 75,000-kVA or larger 
transformers, in order to secure operating experience 
in this type of construction he windings are 
arranged in the manner normally employed in the 
design of high-voltage shell-type transformers, except 
for the large tapping range necessary to provide high 
voltages. This range is covered in 24 steps, the low- 
voltage tap changer providing large steps, while the 
high-voltage tap changer acts as a vernier. The trans- 
formers are provided with standard accessories, 
including inert-gas protection, oil gauge, oil thermo- 
meter, manhole, relief and oil valves. The high- 
voltage connection is brought out through an oil-filled 
condenser bushing employing the same principles of 
design as is used for high-voltage bushings on power 
transformers now in operation at 230 kV. The core and 
coil assembly are built into a tank of the type used in 
the construction of high-voltage shell power trans- 
formers, the two sections being welded in the factory. 
This type of construction made it possible to transport 
the units complete with oil, except for the high-voltage 
bushings and radiators. 

Two different types of medium length arresters 
are provided to protect the transformer and to obtain 
service experience at these high voltages. They are 
alike electrically, but differ in mechanical construction. 
The earthquake-proof type is designed for suspension 
from a steel structure, the active units being suspended 











Fie. 10. Srvatz Pore or Low O1-Content Crrcurr BREAKER. 


in zig-zag fashion between the strings of insulators. 
This reduces the length considerably below that which 
would be required if the units were all arranged in 
one line. The other type of arrester is self-supporting 
and requires no bracing, but is more complicated and 
somewhat more bulky. Grading rings are required 
in both types to control the electrostatic field and 
the division of the impressed voltage across the 
elements comprising the arresters. Both arresters 
are designed for a maximum rating of 350 kV, which 
is 70 per cent. of the maximum phase-to-phase voltage, 
and are arranged so that the units can be short- 
cireuited to reduce the rating when the circuit is 
operated for prolonged periods with voltages of less 
than 500 kV. This is being done to obtain service 
experience with vol across the active elements of 
the arrester which will be commensurate with those at 
which they will operate in actual service. 

The lines are strung with 30, and the substations 
with 26, conventional 53-in. insulators per suspension 
string. A preliminary study indicated that there was 
no advantage in wey a: Sha develop special insu- 
lators or to intermix insulators of various sizes or 
shapes in the string. The effect of a smaller number 
of insulators can be determined either by short-circuit- 
ing some of the insulators or by removing them from 
the string. The insulators have a rated mechanical 
strength of 25,000 lb., which allows a reasonable 
amount of safety at the strain positions. The terminal 
insulator assemblies on the line consist of two strings 
of insulators and the suspension assemblies of single 
strings. 

As varying sizes of conductors (1-4 in., 1-65 in. and 
2-0 in. in diameter) were to be used, and also as 
** bundle ’’ conductors were to be tested on one line, 
some special fittings had to be developed. Suspension 
and terminal clamps were therefore specially designed 
for all 1-65-in. and 2-0-in. copper conductors. A stan- 
dard clamp was used for the 2-0-in. aluminium-steel 
reinforced cable. Special line fittings are also being sup- 
plied for the “‘ bundle” conductor. Extensive labora- 
tory tests indicated the necessity for shielding the line- 
end of the insulator strings for two reasons: first to 
divide the voltage more uniformly across the individual 
insulators comprising the string and, second, to control 
the electrostatic field aroung the line fittings in the 
vicinity of bolts, nuts, clamps and washers. No grad- 
ing shield is required at the tower end of the insulator 
assembly. Fig. 6, on page 381, shows the control rings 
or corona shields for the suspension strings and Fig. 7, 
on the same page, those for the terminal strings. 

A number of different sized conductors of the 
aluminium-steel reinforced type, the copper segmental 
tongued-and-grooved type, and the I-beam reinforced 
type have been supplied. The characteristics of the 





last-mentioned are illustrated in Fig. 9. The conductors 
in use at the present time are the 1+56-in. hollow core 
type on one long line, 2-0-in. outside diameter alumi- 
nium-steel reinforced on the other long line, and 
1-65-in. outside diameter I-beam type on the short line. 
The short line will also be used for the experimental 
investigation of the ‘‘ bundle” or grouped conductor. 

The feeder circuit-breaker equipment has a three- 
phase interrupting capacity of 10,000 MVA at 360 kV, 
and is of the low oil-content impulse type originally 
developed for the 287-kV transmission line between the 
Hoover Dam and Los Angeles. A single pole of this 
breaker will be connected to the "bus-bar in the position 
indicated in Fig. 2. Fig. 10 shows one pole of the 
breaker on test at the manufacturer’s plant. 

The instruments for measuring the corona loss and 
current are mounted in aluminium boxes on top of the 
transformer high-voltage bushings. Three recording 
instruments are also provided for continuous measure- 
ment of power loss. A supervisory relay circuit, 
controlled by interrupting a light beam and light- 
sensitive cell is used for changing the sensitivity of the 
wattmeters. The supervisory control is also used to 
turn on and off the lights in the instrument scales, the 
exhaust fan and recording instruments, and the power 
for operating the semi-conducting glass doors of the 
instrument houses. Fig. 8 is a diagram of the general 
arrangement of the metering scheme. An extension of 
the high-voltage winding @ provides a voltage that 
varies between 201 and 342 volts, which is supplied to 
the voltage coils of the wattmeters, the voltmeters and 
the various auxiliary equipment in the instrument 
house 6. This metering winding is shielded so that the 
capacity current is by-passed. 

The ‘bus bars of the test station are made of 2-in. 
diameter hollow core copper cable c. Shielded metering 
leads are threaded through each phase of the *bus-bar 
structure and are brought out at the entrance point 
to the Ines at d. A radio-frequency choke e is also 
connected in the circuit and is located so that it is 
shielded by the grading rings of the insulator assembly. 
These radio-frequency chokes prevent the transfer of 
radio noise from one line to another and prevent 
noise generated by the source and the *bus-bar struc- 
ture from being transmitted to the lines. They also 
prevent radio noise originating in the lines from 

ing back into the supply. » * threading the con- 
ductor through the ’bus-bar structure only the loss ass0- 
ciated with the line itself is measured. Owing to the 
i etry inherent in a flat configuration of the 
conductors, even when the corona loss is negligible, the 
currents in the three phases are not symmetrical. 
The middle phase under this condition should read 
zero power, but the two outer phases will indicate values 
that are equal and opposite. Provision is made 80 
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that, if found desirable, the curretite in the current coils 
of the wattmeters can be compensated so that the 
wattmeters indicate only true corona loss and correct 
for this effect of oer Comprehensive radio- 
influence measurements will be made. Meters are 
available which will measure radio influence at fre- 
quencies between 0-15 and 400 megacycles per second. 
These measurements will be made at various points 
along the line and at points laterally across the line. 
In addition to these instruments, other meters are 
available to measure temperature, humidity, rainfall, 


etc. 

The features to which attention will be directed 
initially in this field research on corona and other 
phenomena are as follows. Conductorsizes ranging in dia- 
meter up to 2 in. in both the segmental and wire form 
will be tested ; grouped conductors consisting of two 
three and four wires, smaller in diameter than if only 
one per phase were used, and spaced at distances in 
the order of 1 ft. or 2 ft,, will be tested ; the number 
of insulators will be varied up to a maximum of 30; 
lateral spacing of conductors in flat configuration will 
be changed ; the height of the earth wires will be varied 
in several steps and the effect of the presence and 
absence of ground wires determined under identical 
weather conditions; conductor weathering will be 
studied ; and atmospheric conditions, such as rain, fog, 
sleet, hail, and snow, will be investigated. The inter- 
pretation of the results will be facilitated by recording 
the loss over long periods of time ; atmospheric electri- 
cal gradients at ground level and their variation with 
rain Clouds and also their influence upon corona will be 
studied ; insulator loss as affected by fog, sleet, and 
rain will be determined, as will be also the effects of all 
these factors on radio reception. 





THE IRON AND STEEL INSTITUTE. 


THE annual autumn meeting of the Iron and Steel 
Institute will be held on Wednesday and Thursday, 
November 10 and 11, at the offices of the Institute, 4, 
Grosvenor-gardens, London, 8.W.1, under the chair- 
manship of the President, Sir Andrew McCance, D.Sc., 
F.R.S. 

The meeting will open at 10 a.m. on the first day, 
Wednesday, November 10, when, after the conclusion 
of the formal business, three papers will be discussed, 
namely, ‘“‘ A Note on the Varying-Turbulence Cowper 
Stove. The Denain-Anzin Tests and the CS1 Standard 
Cowper Stove,” by Mr. D. Petit ; ‘‘ Magnetic Concen- 
tration Experiments upon Iron Ores in North Lincoln- 
shire Practice,’’ by Dr. L. Reeve ; and ‘“‘ The Work and 
Organisation of a Statistical Department in Heavy 
Industry, with Particular Reference to the Steel 
Industry,” by Mr. A. W. Swan. The meeting will 
adjourn at 1.15 p.m. On resuming at 2.30 p.m., three 
further papers will be presented, the first, “The 
Application of O -Enriched Air to Side-Blown 
Converter Practice,” by Mr. J. L. Harrison, Dr. W. C. 
Newell and Mr. A. Hartley; the second, ‘‘ Develop- 
ment of an Improved Basic Bessemer Steel,” by Dr. 
H. A. Dickie; and the third, “‘ Ingot Structure in a 
Series from Rimmed to Killed Steel made from the 
Same Cast,”” by Mr. P. M. Macnair. The meeting will 
adjourn at 5 p.m. 

The morning session of the second day, Thursday, 
November 11, will open at 10 o’clock and close at 
1.15 p.m. Five papers will be presented, namely, 
“Ingot Surface Defects on Structural Steels,” by Dr. 
L. Reeve; ‘‘ Open-Hearth Furnace Instrumentation,” 
by Mr. E. Rogers ; ‘‘ First Report of the n-Hearth 
Instruments Sub-Committee,” by Mr. F. L. Robert- 
son; ‘Rapid Estimation of Slag Basicity,” by Mr. 
W. A. Smith, Mr. J. Monaghan and Mr. W. Hay; and 
“A Note on the Determination of Moisture in Producer 
Gas,” by Mr. J. Pearson and Mr. R. Toye. The two 
papers on. open-hearth instrumentation, by Messrs. E. 
Rogers and F. L. Robertson, will be discussed jointly. 
At the afternoon session, from 2.30 to 5.0, three papers 
will be discussed, the first, ‘‘ Fatigue Tests on Se 
shaft Steels,” by Mr. P. H. Frith; the second, ‘“‘A 
Magnetic Study of the Structure of Cold-Worked Iron- 
Nickel Chromium Alloys (Stainless-Steel Wires),”’ b 
Mr. P. T. Hobson, Mr. E. 8. Chatt and Mr. W. of 
Osmond ; and the third, “‘ The Interrelation of Harden- 
ability and Isothermal Transformation Data,” by Mr. 
W. I. Pumphrey and Dr. F. W. Jones. 





Sup Fires In Ports.—The Ministry of Transport 
announce that a small “ working party ’”’ has been set 
up, consisting of represertatives of shipowrers, ship 
builders and repairers, shipbuilding and engineering 
unions, port authorities and their fire services, and the 
Government departments concerned, “ to study and 
make proposals on the problems of fire prevention and 
fire-fighting in ships in port.” The first meeting of the 
working party will be held this month, and the eventual 
Tecommendations will be submitted in due course to a 
full conference of the various interests affected. 


THE USE OF LOCOMOTIVES FOR 
EARNING REVENUE.* 


By Lt.-Cot. Harotp Rupearp, 0.B.E., 
M.I.Mech.E., M.I.Loco.E. 
(Concluded from page 343.) 

INTENSIVE “‘ user” calls fora high efficiency of main- 
tenance in the running sheds. The training of the 
artisan staff, i.e., fitters and boilersmiths, is basically 
the same for shop and shed work, but the work of the 
fitter who has effected a repair at a motive-power depot 
is immediately subjected to traffic working condi- 
tions, and the part which has been repaired or fitted 
may be subjected straight away to any speed up 
to 90 m.p.h., whereas the majority of the fitting work 
done by the men in the shops is generally tested on a 
trial trip before the locomotive is called upon to work 
trains. Fitters and boilersmiths should be trained from 
apprentices for running-shed work. I attach great 
importance to the training of the staff at a motive-power 
depot. The cleaners and young firemen have “‘ schools 
on wheels,” and mutual-improvement classes. For 
the apprentice boilersmiths, fitters and coppersmiths 
a canalaihy-condideted apprentice-training scheme is 
in operation. 

Intensive “‘ user” of locomotives was obtained many 
years ago. The locomotive ‘‘ Charles Dickens,” of the 
London and North Western Railway, ran 1,000,000 
miles in 10 years, i.e., 100,000 miles per annum—a 
remarkable performance. The mileage was obtained 
between Euston and London Road, Manchester, daily— 
a distance of 374 miles for the round trip. At six 
days a week this is equivalent to 2,244 miles; 45 
weeks is equivalent to 100,000 miles, which leaves 
7 weeks, or 42 working days, for examination and 
repairs. I have attempted to do this with the L.M.S. 
4-6-2 type locomotives, but could not achieve, with 45 
locomotives, an average of more than 67,000 miles a 
year. There was one case of 93,250 miles and four of 
85,000 miles. We are now developing this, and in m 
opinion these figures show clearly that the schedule 
must be arranged, if necessary, to suit the locomotive. 
For example, it may be that the mileage between 
London and Manchester will be obtained either out 
from Marylebone to Manchester and back to Euston, 
or vice versa. 

Diesel-electric passenger traction, it is rightly 
claimed (with our limited experience), provides high 
availability, quick turn-round, small amount of terminal 
attention, ease of allocation, smoke and cinder elimina- 
tion, rapid acceleration, good performance characteris- 
tics for heavy work, moderate and easy maintenance 
by the replacement of parts, and simple, comfortable 
operation. Moreover, expensive terminal coal, water, 
and ash facilities are not required. (In this connection, 
it should be noted that pre-steaming of locomotives will 
save much smoke nuisance in large cities and towns.) 
Electric traction also has these characteristics ; further- 
more, it is possible to call upon a large power system 
for short-time overload demands, which makes high- 
traffic-density operation practicable. 

With the running cost of a locomotive so high, as 
well as the initial cost, trains should be “‘ put to” 
locomotives and men, as far as possible—not loco- 
motives and men to trains. I am therefore a great 
advocate of the re-arrangement of the schedule in 
order that the intensive “‘ user” of locomotives can be 
determined in the diagrams. I am largely prompted 
to this conclusion by the ‘present-day pas A cost for 
drivers, firemen and cleaners, which is in the region of 
830,0001., and when added to a weekly cost of 695,000. 
for coal, it will be seen that the cost of the two “‘ prime 
movers” is approximately 1,525,000/. per week. 
In order that diagrams can be worked to they must 
be scientifically prepared. The marshalling and 
loading of passenger trains, the loading of freight 
trains, and any other distinctive features, must be 
taken into account, and the class of locomotive most 
suitable for the work to be done should be indicated 
on the diagram. A pre-requisite for indicating the 
most suitable class of locomotive is the grouping 
of the various classes of locomotives into a limited 
number of “‘ power classes”; this is based mainly 
on the principal characteristics, i.e., boiler efficiency, 
size of driving wheel, and tractive effort. This classifi- 
cation involves fixing a minimum and maximum for 
each p ower class. 

When discussing the re-arrangement of the schedule, 
one is often told that the trains must be run for the 
convenience of the public. I say that, given punc- 
tuality, civility and cleanliness, the public will travel 
in the trains as offered. If electrification takes 
place, trains are “‘diagrammed”’ in order to obtain 
the maximum availability, so that the minimum 
number of power units is required, and this would 
also apply to Diesel-electric locomotives. Therefore, 





* Presidential address to the Institution of Locomo- 
tive Engineers, September 15, 1948, entitled “‘ The User 
of Locomotives for Revenue Harning.” Abridged. 





in any re-scheduling in order to get the maximum 
‘* user’? of locomotives, the trains must be “ put to” 
the locomotives and the drivers and firemen. Thus, 
the science of the “‘ user” of a locomotive for earning, 
revenue must be developed on the basis of correct 
design embodying free steaming, reserve of power, 
_ accessibility, ease of repair and freedom from 

ilure, with scientifically prepared diagrams and 
carefully designed motive-power depots for not only 
dealing with waste products ‘such as ashes, clinker, 
etc., but also providing water under pressure for washing 
out boilers, steam supply for pre-steaming, good lighting, 
and protection from severe weather for the staff. 

The lay-out of a motive-power depot calls for 
considerable thought and investigation. It can best 
be decided after careful analysis of all movements of 
locomotives in and through the depot. This analysis 
should cover every movement and duty, special atten- 
tion being given to the time waiting for and over 
ashpits, taking water, coaling, turning, preparation and 
disposal, including the time spent waiting to get to the 
appropriate point. A study of an analysis on these lines 
will indicate how an alteration in lay-out will speed up 
the movement at the depot, reduce turn-round time, 
save the time of enginemen, and help towards a greater 
availability for traffic. The design of the locomotive 
has gone ahead much more quickly than the considera- 
tion generally given to the housing of this wonderful 
machine in order to obtain the maximum “ user.” 

For future development, my personal opinion is that 
Diesel-electric locomotives of 350 to 400 h.p. will be 
used for shunting. A satisfactory Diesel-mechanical 
locomotive of this power has not yet been designed. 
A 204-h.p. Diesel-mechanical unit has been tried with 
satisfactory results for limited duties, such as light 
dock and goods-yard work. Diesel-electric passenger 
locomotives have a very limited field for main-line 
work in this country, owing to the high initial cost 
and the type of fuel used, but a medium-power unit 
which can be used for cross-country passenger services 


Y | has possibilities. The high cost limits the number of 


units that could be constructed, and there would be 
difficulties in working to special diagrams owing to 
non-common “user.” When the steam locomotive 
has to be displaced this will be done by electrification. 
As Mr. W. 8. Graff-Baker stated in his presidential 
address in 1944: ‘‘The fact remains that the steam 
locomotive is a magnificent machine, and has done 
more for the cause of civilisation than any other effort 
of the mechanical engineer—far more than the internal- 
combustion engine, which now seems to have a heavy 
debt as well as a credit in its balance sheet.”” I conclude 
by asserting that, bearing the foregoing in mind, also 
specialising on the intensive ‘‘ user’? which can be 
developed to a 3 2 standard, the steam locomotive 
will remain in the forefront for many years. 





CATALOGUES. 


Steel Tubes and Fittings.—A list issued by Wellington 
Tube Works, Limited, Great Bridge, Tipton, Stafford- 
shire, gives dimensions, weights and prices of steel 
tubes and fittings for gas, water, steam, air, etc. 


Electric Control Gear.—The various types of control 
gear for electric motors which they manufacture are 
described in an illustrated brochure issued by Messrs. 
William Geipel, Limited, Vulcan Works, 156, Bermond- 
sey-street, London, S.E.1. 


Tungsten-Carbide Woodworking Tools.—Messrs. Proto- 
lite, Limited, Central House, Upper Woburn-place, 
London, W.C.1, have published a booklet on wood- 
working tools tipped with Prolite cemented tungsten 
carbide. Specifications are given of router, mortising, 
dovetail, block, circular, and tonguing and grooving 
cutters, serrated-back blades, saws and cutter blocks. 
The grinding of tipped woodworking tools is fully 
described. 

Gas Carburising of Steel.—The Wild-Barfield system of 
carburising steel, using town gas, is described in some 
detail in a booklet issued by Messrs. Wild-Barfield 
Electric Furnaces, Limited, Elecfurn Works, Watford 
By-pass, Watford. The deleterious constituents of 
town gas are removed by means of a catalyst furnace, 
after the gas has been compressed ; it then passes through 
an air cooler and silica-gel driers to the carburising retorts. 
Carburising by this system is claimed to require less time 
than other methods, and to provide more accurate 
control of the depth and type of hardening case. 

Hardened-Steel Rolls—A comprehensive publication 
dealing with their Hadura hardened-steel rolls, for use 
in rolling steel and non-ferrous metal sheets and other 
products, has recently been issued by Messrs. Hadfields 
Limited, East Hecla Works, Sheffield, 9. Methods of 
manufacture, heat treatment, grinding and polishing are 
reviewed ; then follows a section on methods of hardness 
testing. Finally, advice on the care and handling of 
finished rolls is given to users, and examples of the 
damage which can arise from the failure to observe 





proper precautions are illustrated and described. 
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NOTES ON NEW BOOKS. 

Engineering Drawing.. By G. B.C. Warp. The English 

Universities Press, Limited, St. Paul’s House, 

Warwick-square, London, E.C.4. [Price 8s. 6d .net.] 
Or making many books on engineering drawing there 
is no end; but almost equally numerous are the 
possible variations in the practice of teaching the 
subject, according to the ability of the student and the 
personal views of the instructor. Mr. Ward is the 
engineering-drawing master at the Stanley Junior| ¢, 
Technical School, Croydon, and the standard at which 
he aims is therefore something between (or a combina- 
tion of) those of the instruction in geometrical drawing 
at an ordinary secondary school and of an evening 

institute dealing with youths whose working hours are 
= in the shops or drawing office. The method of | 4 
combining plane and solid geometry, with engineering 
drawing in one book has much to commend it, for the 
three are closely interwoven in practice, and the book— 
which is intended for class work rather than for private 
study—should prove both useful and interesting to 
those whose first instruction in draughtsmanship is 
obtained with its aid. 


A Text Book of Electronics. By J. M. A. Lentman, 
M.Sc. English Universities , Limited, Saint 
Paul’s House, Warwick-square, London, E.C.4. 
[Price 12s. 6d, net.] 

This 200-page book is essentially an elementary 

treatise which is designed to cover a very wide field. 

It is primarily intended for those who,. possessing some 

knowledge of physics or electrical engineering, desire 

to become acquainted with electronic theory and the 
principles underlying the operation of the more common 
types of electronic and radio equipment, rather than 
for those who may eventually wish to specialise. Its 
earlier chapters discuss electrical discharges in gases, 
Paschen’s law, and the effects of temperature on 
thermionic emission; they also refer to photo-voltaic 
cells, X-rays, and include a section on alternating- 
current theory and resonance. Subsequent chapters 
describe the thermionic valve; the treatment of this 
follows conventional lines, and includes diagrams 
‘which, for example, depict valve characteristics, 
resistance-capacity coupling, push-pull and feed-back 
circuits, as well as those of the Hartley and Colpitts 
types. General principles of radio communication are 
then discussed, this section covering wave modulation, 
and the principles of aerial coupling and volume 
control. The final chapters include descriptions of the 
cathode-ray oscillograph (without, however, discussing 
the subject of electron optics), of gas-filled valves in 
time-base circuits, and refer briefly to the electron- 
microscope, and to the principles of television. Except 
in the chapter on alternating-current theory and 
resonance, the book is non-mathematical in character. 

The explanations are clear and concise, the drawings 

and being particularly well presented, and an 

index is included. The author has not attem to 
discuss specialised circuits or techniques, and the book 
therefore will serve as an excellent primer for the 

‘various subjects covered. It is especially suitable for 

elementary students of physics or electrical engineering, 

or for electrical engineers who have not previously 

‘studied electronic subjects. 


Electronic Engineering. Edited by E. Mottoy. George 
Newnes, Limited, Southampton-street, Strand, 
London, W.C.2. [Price 5s. net.] 

Tuts 110-page crown-octavo volume describes in 
somewhat general terms, and with the aid of diagrams 
and sketches, the principles of operation, and the more 
important uses of electronic devices in industry, 
excluding those in the specialised fields of radio and 
telecommunications. Its nine chapters, which are 
compiled apparently from the work of different specia- 
lists, include descriptions of the sealed-off and con- 
tinuously-evacuated types of cathode-ray tube, and, 
of the diffraction camera, electron microscope, and 
Cyclotron. They also describe or refer to the applica- 
tions of light-sensitive cells and gas-filled triode valves, 
outlining, for example, the use of the latter in the 
voltage regulation of alternating-current generators, 
and in the speed-control of direct-current motors, and 
in welding equipment. Two short chapters cover the 
industrial applications of X-rays and of high-frequency 
heating. As such a wide field is surveyed, the explana- 
tory matter is naturally concise, being written in year- 
book or pocket-book style, and assuming, on the part 
of the reader, some familiarity with electromagnetic 
theory, or with the subject being described. The 
sketches and circuit diagrams, like the printing, are 
rather small, but are neatly arranged and detailed, 
though in some instances figures are included without 
being specifically referred to in the text. An index 
is also given. Though the volume is hardly suitable 
for electronic specialists, it will be appreciated by 
those engineers who wish to have a general summary, 
in compact form, of the uses to which electronic appa- 
ratus is, or may be, put. 
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ELECTRICAL APPARATUS. 


600,545. Electric Switch. Bisset Industries, Limited, 
and R. S. Lees-Andrews, both of Cheltenham, Gloucester- 
shire. (4 Figs.) April 8, 1946.—The invention is a 
snap-action electric switch which is simple in construction 
and reliable in operation. The switch shown in the 
drawing is of the push-button type. It consists of a 
hollow rectangular box 1, which houses the moving 
parts of the switch, and is closed by an insulating carrier 
plate 2 rigidly secured to it with the interposition of an 
oil seal washer la. On the carrier plate 2 are mounted 
two pairs of contacts, one of which is shown at 4, the 
pair of contacts 4 being mounted in a plane — 
slightly behind that of the d pair of tact 
two pairs of contacts are connected by rigid P.. 
4a, 5a respectively, to the terminal pillars, one of which 
is shown at 4b. At one end of the carrier plate 2 is 
mounted a U-shaped anchor piece 6, the limbs of the 
U being of the same height. The two limbs of the U 
are cut away for part of their width, the lower limb 
being cut away at its centre to present a pair of abut- 
ments 7, which are grooved transversely on their upper 
faces near the free ends to receive the lower end of an 
H-shaped resilient blade 8 of “ silver-faced ”’ beryllium 
copper. The upper limb of the U-shaped anchor mem- 
ber 6 is cut away along each side to enable it to project 
Aa 

10¢ 























(600,545) 

with clearance between the sides of the H-shaped resilient 
blade, and is transversely grooved on its under surface 
near the outer end to constitute a fixed fulcrum part. 
This fulcrum part can be engaged by a forward pro- 
jection 10a on an operating lever 10, the projection 10a 
having a knife-edge at its end which seats in the groove 
in the fixed fulcrum part. The lower end of the operating 
lever 10 has a lug 106, which passes between the two 
halves of the lower blade abutment 7, and the upper 
end has an abutment lug 10c, the under surface of which 
is grooved near its free end to receive the upper ends of 
the resilient blade 8. The blade 8 is flexed to a curve 
on one or other side of a dead-centre position in which 
it is in unstable equilibrium. The cross-piece of the 
blade 8 is arranged to bridge the pairs of fixed contacts 
and so to close the respective external circuit. For 
moving the operating lever 10, two insulating push- 
buttons 11 are mounted on stems 12, which pass through 
the carrier plate 2, the part 2b being recessed on its under- 
surface around the holes for the stems 12 to receive 
packing washers. The housing 1 is filled to the required 
level with transformer oil, thereby increasing the current- 
breaking capacity of the switch. (Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


601,546. Electric Upsetting Apparatus. Omes Limited, 
and G. Mora, both of London. (3 Figs.) October 3, 1945. 
—The invention is an improved electric upsetting 
apparatus, its object being to obviate the risk which 
has hitherto existed that a fold may be produced in 
the metal of the upset head around the centre of the 
head where it is in contact with the anvil. It has been 
found that by constructing the anvil of a metal which 
is a bad conductor of heat so that the face of the anvil 
becomes hot, the whole workpiece can be raised to a 
sufficient temperature to ensure that it expands without 
producing the fold to a harmful degree. The electric 





upsetting machine has a bed plate 11 on which are 
mounted at one end an anvil-holding block 12 and in 
front of it a vice support 13. On the side of the latter 
remote from the anvil-holding block is a ram for applying 
end pressure to workpieces 14 in the direction of the 
arrow 15. The ram itself is not shown. On the vice 
support 13 is mounted a vice 16 for holding the work. 
piece and permitting it to slide endways through the 
vice jaws 17, 18 under the pressure of the ram. The 
anvil-holding block 12 is insulated from the machine 
bed by insulation 19, 20, and is held down by insulated 
set screws. The block 12 is made of bronze and ig 
connected on its under face between the sides of the bed 
to one of the terminals of a step-down transformer (not 
shown). The vice support 13 which is also made of 
bronze, is connected to the other terminal of the trans- 


O O 


former. The anvil-holding block 12 supports a clamp 
consisting of a base 21 and cover 22 which are bored 
with a parallel passageway coaxial with the ram and the 
workpiece 14 when the latter is held in the vice jaws 
17,18. The anvil carrier has a shank 23 to fit the passage- 
way and a head 24 which extends transversely to the 
passage-way and faces the vice. A large dovetailed- 
shape recess extends across the head 24 at the side 
towards the vice in a direction at right-angles to the axis 
of the parts. Fitted in the dovetailed recess is a cast 
iron anvil 25, which is held by a clamping screw 29. 
This arrangement permits any portion of the anvil face 
which is desired to be brought opposite the end of the 
workpiece on which operations are to be conducted. 
Within the anvil 25 are passages for cooling water and 
flexible connections for the conveyance of cooling water 
to and from the anvil are provided. (Sealed.) 


MISCELLANEOUS. 


601,486. Testing Threads. Courtaulds Limited, of 
London, and J. K. Berry, of Coventry. (4 Figs.) 
October 3, 1945.—This invention is an apparatus for 
testing cotton or rayon threads for use in the rubber 
industry. The object of the machine is to test the threads 
at an elevated temperature while repeatedly and alter- 
nately subjected to stress and relaxed. The two circular 
plates 1 and 2 are provided with clamps 3 and 4 for 
holding the thread 5 outstretched between them. The 
plate 1 can be moved without inclination along its axis 
of rotation and the plate 2 can be inclined to cause the 
alternate stretching and relaxation of the thread under 
test. The plate 1 is freely mounted on a driving shaft 6 
which is rotated by a pulley wheel and belt 8 within 
the headstock 9. A shaft fits freely within the hollow 
end of the driving shaft 6 and extends beyond it into 
the micrometer 11. The driving shaft 6 is slotted and 
the plate 1 is keyed to the inner shaft, which is provided 
with a flange against which the micrometer 11 bears 
through a ball-bearing. The micrometer is provided 
with calibrations 15 and by rotating the outer sheath 





or barrel the inner shaft can be drawn out and so move 
the plate 1 while the shaft 6 is stationary or rotating. 
The plate 2 is mounted on and rotated by a shaft 17 
which is linked by a universal joint to the driving shaft 6. 
The other end of the shaft 17 is carried by a bearing in the 
tailstock 19 moéunted on a vertical shaft which rotates 
in a bearing 21 clamped beneath the baseplate 22. 
The circular plate 2 is mounted so that its centre of rota- 
tion lies on its axis of revolution and it can be inclined 
relatively to the plate 1 by the movement of the tailstock 
19. During operation, a torque is set up by the action 
of a weight 23 carried by a cord 24 passing over a pulley 25 
and attached to an arm secured to the vertical shaft of 
the tailstock 19, whereby the plate 2 tends to incline 
relatively to the plate 1. The vertical shaft also carries 
@ pointer 27 which, in co-operation with the graduated 
scale 28, shows the inclination of the plate 2 to the 
normal. (Sealed.) 
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OcT. 22, 1948. 


REFACING DAM WITH 
PRECAST CONCRETE SLABS. 


In the course of an article entitled “‘The Future 
of Precast Concrete,” which appeared on page 51, 
of our 164th volume (1947), it is stated that in view 
of the present critical timber position it is evident 
“that in situ work which involves the use of large 
quantities of timber as shuttering is out of the 
question ; and, consequently, if concrete, as one of 
the more available materials, is to be used, designs 
must be altered to make possible the use of factory- 
produced units.” An interesting and important 
example of the practical application of the proce- 
dure advocated in this statement is furnished by the 
refacing of the Barker Dam in Colorado with precast 


Fig.l. SECTION AA. Fig.2. 
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The Barker Dam is situated on Middle Boulder 
Creek, about 17 miles from Boulder City. The 
reservoir which it forms has a capacity of 12,000 
acre-feet, and constitutes the source of supply 
for the hydro-electric plant of the Colorado Power 
Company, situated about 12 miles downstream. 
The dam was built during the years 1908 to 1910 
by the Eastern Colorado Power Company, the 
predecessors of the present owners. It is about 
20 miles east of the summit of the Rocky Mountains, 
and the main source of supply for the reservoir is 
melting snow during the spring and early summer. 
Later in the year, run-off from the drainage area 
almost ceases. Water is drawn off during the 
summer, autumn and early winter, and by the end 
of the winter the reservoir is nearly empty. The 








winter is severe, the dam being situated at El. 8200, 


the foundations were not grouted. Although the 
specification provided for the possibility of founda- 
tion drainage by 2 ft. deep drill holes at seams in 
the foundation rock, it can be assumed that only a 
very few such drains were actually installed.” 
When the dam was placed in service, pronounced 
leakage was observed through the foundation rock 
and considerable leakage through contraction joints 
which were without water stops. There was also 
seepage through horizontal construction joints. 
About 15 years ago, an attempt was made to stop 
leakage by grouting through drill holes in the 
abutment rock and in the dam itself, but in a few 
years extensive leakage again appeared. This con- 
dition pointed to the probability of the existence 
of large uplift pressures not considered in the 
original design and, in the words of the paper 
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Fie. 3. Castinc-FRaAME AND REINFORCEMENT FOR CONCRETE SLABS. 


concrete slabs. Although it is stated that “‘ lumber 
was scarce and seasoned lumber was unobtainable,” 
shortage of timber was by no means the only reason 
for the use of precast slabs. The conditions of the 
work required that it should be completed in the 
period between low-water level in the reservoir, 
which occurs in the late autumn, and high-water 
level in the spring. It was also desired to place 
the new face at the lowest possible temperature 
above freezing, in order to minimise shrinkage. 
The conditions were met by using Prepakt concrete 
with precast slabs and the procedure adopted had 
the additional advantage that the new face of the 
dam was bonded to the old structure while the latter 
was under almost full load. 


and as a result of the absence of water and the 
exposure of the surface of the dam to winter climatic 
conditions, serious weathering took place on the 
upstream face. In some of the construction joints 
it was found that the concrete had been damaged 
by frost to a depth of 3 ft.; the average depth of 
frost damage over the entire face of the dam was 
about 5 in. 

The dam is a mass-concrete gravity structure with 
@ maximum height of 175 ft. and a crest length of 
720 ft. The original volume was about 135,000 cubic 
yards and the maximum thickness 124 ft. It is 
stated in a paper which appeared in the February, 





1948, issue of Civil Engineering, the journal of the 
American Society of Civil Engineers, that “‘ originally 
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already quoted, “analysis disclosed that according 
to our modern theories of design the dam was 
lacking in stability.” 

The rehabilitation work which was undertaken 
covered foundation grouting at and near the original 
upstream face of the dam ; the removal of all defec- 
tive concrete from the old upstream face and the 
addition to this face of a blanket of new concrete 
varying in thickness from 3 ft. at the crest to 8 ft. 
at the base; and the installation of a drainage 
system composed to deep foundation drains and 
contraction-joint drains connected to a longitudinal 
drain situated in the new blanket face. The 
longitudinal drain was connected to a transverse 
drainage tunnel cut through the base of the dam. 

The main subject of this article is the construction 
of the new blanket face on the upstream side of the 
dam, but in order to give a proper idea of the extent 
of the work carried out it is desirable to refer to 
the grouting and drainage work. Actually, the 
drainage arrangements, in particular, are so closely 
interconnected with the design and construction of 
the new face that some description of them is 
necessary. The transverse drainage tunnel just 
referred to was cut through the old dam. This 
6 ft. by 4 ft. passage is indicated at a in the cross- 
section, Fig. 1, and in the elevation of the up- 
stream face of the dam given in Fig. 2, on this 
page. It was necessary to drive this tunnel before 
the construction of the new face could proceed. 
When the usable storage water in the dam had 
been drawn off, there remained a depth of about 
40 ft. of dead storage which had to be removed 
before the footing of the dam was exposed. This 
dead water was drained off through the tunnel. It 
was found that the storage incorporated a thickness 
of some 30 ft. of silt and a certain amount of excava- 
tion was necessary to clear the foundation. The’ 
longitudinal drain formed through the new blanket 
face, and shown at 6 in Figs. 1 and 2, consists of a 
steel pipe 18in.in diameter. It is continued up the 
abutments, just above the foundation rock, as shown 
in Fig. 2, the sections marked c being 12 in. in dia- 
meter and those marked d, 8 in. in diameter. These 
pipes may be flushed through valves at the ends at 
crest level. Connected to the longitudinal drain, 
there is a series of vertical tile drains, lettered e in 
Fig. 2. These are placed in deep recesses at the 
contraction joints of the old dam, which are at 50-ft. 
centres. They are open at the top so that they can 
be flushed if necessary. 





To deal with the foundation rock, a series of 
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grout holes, 10 ft. deep, was drilled from the 
bottom of the foundation excavation at the up- 
stream face of the old dam. They were inclined 
at an angle of 30 deg. under the upstream face and, 
in general, were pitched at 10-ft. centres, but in 
some cases were as close as 3 ft. apart. In view of 
the poor quality of the rock, a second series of grout 
holes was drilled, at an angle of 45 deg., at points 
just above contact between existing concrete and 
foundation rock. The holes were of various depths 
but were arranged so that their lower ends would 
always be below the bottom of the trench excavated 
along the upstream face. The shallow grouting 
provided by these holes closed seams near the surface 
and sealed the contact between the existing dam and 
the underlying rock which had not been well cleaned 
during the original construction. When this shallow 
grouting had been completed, a series of grout holes, 
40 ft. to 60 ft. deep and inclined at 6 deg. upstream, 
was driven. They penetrated well into solid rock 
and formed a deep grout curtain. To deal with any 
water escaping past this curtain, drainage holes at 
10-ft. centres and from 30 ft. to 40 ft. deep were 
driven below the foundation of the new blanket face 
of the dam. They were inclined at an angle of 
6 deg., as shown at f in Fig. 1; the dotted line g, 
Fig. 2, shows the profile of the lower ends of these 
holes. They were connected to the longitudinal 
drain a by 2-in. diameter pipes which extended 
3 ft. into the holes. 

The new face of the dam is built up of precast 
reinforced-concrete slabs, most of which were 
6 ft. 8 in. by 12 ft. by 8 in. thick. They weighed 
4 tons each. They were provided on the inner faces 
with l-in. diameter projecting dowels welded to 
the steel reinforcement. In the course of the pre- 
paration of the old face of the dam by chipping and 
sandblasting a large number of anchor bars were 
grouted into and projected from the surface. As 
the precast slabs were erected to form the new face, 
the dowel pins were welded to these anchor bars. 
The space between the wall formed by the slabs and 
the old face of the dam was then filled with 
** Prepakt ’’ concrete. 

Before enlarging on this brief and inadequate 
description of the construction of the new blanket 
face of the dam, it is desirable that some explana- 
tion of the nature of Prepakt concrete should be 
given. This material is the speciality of the 
Prepakt Concrete Company, Cleveland, Ohio, and 
this firm acted as contractors for the rehabilita- 
tion of the Barker Dam. The coarse aggregate of 
Prepakt concrete is a graded material ranging 
from a minimum size of } in. to % in. up to any 
desired maximum. This coarse aggregate, which 
may be either crushed stone or gravel, is first placed 
in the forms. It is then grouted through grout 
pipes, or through openings in the forms, the operation 
being started from the lowest point of the work. 
Grouting may be carried out either in the dry or 
under water; the grout mixture is of such compo- 
sition that it readily displaces water as it rises 
in the forms, without appreciable dilution at the 
surface of contact between grout and water. 

The composition of the grout depends on the 
desired strength of the finished concrete. For 
a 28-day compressive strength of the order of 
5,000 Ib. per square inch, a mix composed of 3 parts 
of cement to 1 of Alfesil and 4 of fine sand is com- 
monly used ; to this ‘‘ Intrusion Aid ” equal to 1 per 
cent. of the combined weight of cement plus Alfesil is 
added. The material gains strength with time, the 
90-day compressive strength being of the order of 
20 per cent. greater than that at 28 days. Any 
type of Portland cement may be used and water is 
added to the mix sufficient to produce grout with 
the consistency of thick cream. It is stated that 
the solid constituents remain in suspension and 
that the grout can be pumped through long pipe 
lines without danger of plugging, even though 
pumping may be stopped for an hour or so. When 
pumped into forms, the grout completely fills the 
spaces between pieces of coarse aggregate, no 
pockets of water or diluted grout being formed 
below them, as is sometimes the case with wet mixes 
of ordinary concrete. 

Alfesil is a proprietary material which has a 
specific surface two or three times as great as that of 
normal Portland cement. Its principal constituent 
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is an amorphous silica which reacts with the calcium 
hydroxide liberated during the process of hydration 
of the cement to form insoluble strength-producing 
compounds, so contributing to watertightness and 
long-continued gain in strength. It tends to prevent 
agglomeration of cement particles and decreases any 
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tendency towards bleeding. Intrusion Aid is also 
a proprietary material. It acts as a protective 
colloid, inhibiting early stiffening of the grout and 
holding the solid constituents in suspension. It 
expands slightly before the time of initial set of the 
grout, thus neutralising the effect of setting shrinkage 
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which may be observed in straight Portland-cement 
grouts. The sand used is finer than that ordinarily 
employéd in concrete construction ; only a small 
percentage is retained on a No. 16 sieve. 

When the reservoir had been emptied, and the 
base of the dam cleared of silt, stepped foundations 
for the precast slab wall were prepared. These 
were of normal concrete. Across the level bottom, 
the precast slabs, which were left permanently in 
place, served as shuttering, but on the irregular 
steps down the abutments, shown in Fig. 2, a certain 
amount of timber shuttering was used. The 
grouting of these foundations has already been 
described. The grout mixture employed for the 
greater part of the work was composed of two sacks 
of Portland cement, one 100 Ib. sack of Alfesil, 
3 Ib. of Intrusion Aid to 20 to 30 gallons of 
water. In tight rock formations, the proportion of 
Alfesil was sometimes doubled and the Intrusion 
Aid similarly increased. Grout pressures ranged 
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from 75 lb. per square inch for relatively open holes 
to 300 lb. per square inch for deep work. 

The precast slabs were made in a yard about 
3 miles from the dam, the site being selected as it 
provided ample space for curing. The 6 ft. 8 in. 
by 12 ft. by 8 in. thick slabs were formed by laying 
H-beams on the paved casting area, the beams 
forming the four edges of a group of slabs. Across 
the 6 ft. 8 in. spaces, steel angles were then laid and 
from these the reinforcement was suspended. The 
arrangement is shown in Fig. 3, on page 385. To 
the reinforcement for each slab, six 1-in. diameter 
steel dowels were welded; they were of such a 
length that they projected 8 in. from the surface of 
the finished slabs. After the concrete had been 
poured, the slabs were left.in the forms for 24 hours, 
after which they were lifted by the dowels and 
transferred to the curing yard, where they were 
kept under water spray for 14 days. The casting 
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prevent adhesion between the new and old concrete, 
but in spite of this it was found that a pull of 17 tons 
was required to break the vacuum bond and lift a 
4-ton slab. This difficulty was overcome by placing 
a steel plate in the casting floor, flush with the surface 
and covering the end of a water pipe. When a slab 
had to be lifted, pressure water was turned on, and 
by slightly lifting the plate, broke the bond. The 
concrete mixture used for the slabs contained an 
air-entraining compound in order to improve the 
frost-resisting quality of the slabs. The deteriora- 
tion of the old face of the dam as a result of exposure 
to the severe winter conditions has already been 
referred to. In all, about 1,000 of the standard 
slabs were made, as well as a number of irregular 
forms for special situations. 

The cleaning and preparation of the old upstream 
face of the dam was started from the top before the 
reservoir was completely emptied, the workmen 
operating from suspended cradles. In general, the 
chipping away of the frost-damaged concrete was 
performed with pneumatic tools, an average of 5 in. 
of old material being removed from the surface. In 
the course of this work more than 6,000 anchor bar 
holes, 2 in. in diameter, were drilled in the upstream 
face. These were 3 ft. deep and were inclined 
downwards at an angle of 10 deg. so that they 
could be completely filled with grout. After drilling, 
the holes were cleaned with an air-water jet and 
were filled with grout, from back to front, through a 
1 in. hose which was gradually withdrawn as the 
holes were filled. Anchor bars, 1 in. in diameter, 
were then tapped into the holes until they reached 
bottom. The free ends of the bars projected from 
the face and were subsequently welded to the dowels 
of the precast slabs. A test applied to the anchor 
bars, after setting, showed that they would each 
withstand a pull of 25,000 lb. without moving. 
The grout used was composed of one part Portland 
cement to two parts of fine sand with the addition 
of sufficient aluminium powder to produce about 
5 per cent. expansion during the early setting period. 
A photograph of the cleaned face of the dam, 
showing the anchor bars, is reproduced in Fig. 5, 
opposite. 

The wall of precast slabs was built during the 
winter and spring months when the weather was 
frequently very severe. In spite of this, a total of 
1,009 face slabs was set without accident. The 
maximum placed in an 8-hour day was 27 and 
the daily average in the month of April was 15. For 
the lower part of the wall, the slabs were handled 
by cranes working from the bottom of the reservoir, 
and for the upper part by a crane on the top of the 
dam. The slabs were placed on steel shims which 
enabled them to be adjusted to exact level; a 
narrow space about 4 in. to } in. wide was left 
between adjoining slabs. Welding of the dowels 
to the anchor bars was started immediately the 
slabs had been adjusted to position, a clamp tem- 
porarily holding the bars together while the weld 
was made. The joints between the slabs were sealed 
with an air-entraining grout composed of two parts 
of cement to one of Alfesil. A stiff mortar was 
worked into the joints on the downstream side before 
grouting, and on the upstream, outer, face the grout 
was retained in the joints by means of muslin strips 
3 in. wide secured to the face of the slabs with Duco 
cement. This procedure proved entirely effective 
and none of the muslin strips was dislodged by the 
subsequent grouting of the joints. A view showing 
the building of the upper part of the wall is given 
in Fig. 4, opposite. The L-shaped slab shown sus- 
pended from the crane is a special corner section. 

As the wall was built up, the coarse aggregate for 
the Prepakt blanket was tipped behind it from 
4-cubic yard skips. A view showing this operation 
at an early stage in the construction of the wall is 
given in Fig. 6, on this page. In general, the erec- 
tion of the slabs was kept considerably in advance 
of the placing of the aggregate and, to prevent 
breakage and segregation, planks were placed across 
the anchor bars, forming an anti-shock ladder. 
During the building of the wall and the placing of 
the aggregate, the water gradually rose in the 
reservoir and the foundation drains were inadequate 
to prevent the development of an uplift pressure. It 
was not possible to estimate the influence on the 
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the mass of aggregate behind it. In these cir- 
cumstances, it was considered desirable to start 
grouting operations when the water elevation in 
the reservoir was 15 ft. below the crest of the spill- 
way. As mentioned earlier, one of the objects 
attained by the method of strengthening the dam 
which was adopted was that the blanket face was 
bonded to the old work while the structure was 
under almost full load, so that cracking due to stress 
changes was likely to be avoided. Stability con- 
siderations based on an estimate of uplift pressure 
suggested that the maximum permissible water level 
before grouting was started was 10ft. below the spill- 
way crest, but, as mentioned above, the 15-ft. level 
was chosen in order to be on the safe side. The 
whole of the mass of aggregate, from the bottom of 
the dam to the top, was grouted in 10 days, the water 
level in the reservoir reaching the spillway crest one 
day before grouting was completed. 

The whole operation involved the placing of 
4,000 cubic yards of grout producing 13,000 cubic 
yards of Prepakt concrete. To carry out this pro- 
gramme in 10 days, elaborate and extensive grouting 
plant was necessary. As the space behind the slab 
wall was filled with aggregate, a series of 2 in. 
diameter vertical pipes at 4-ft. centres were placed in 
position in the aggregate. The pipes had slots 8 in. 
long and } in. wide at 3-ft. intervals. ‘Grout was de- 
livered to these pipes through rubber hoses which 
were thrust down to the full depth before grouting 
started and were gradually withdrawn as grouting 
proceeded. Normally, about 90 grout pipes were in 
action simultaneously. Alternate pipes were used 
for grouting, the others serving as inspection pipes 
through which the grout level and temperature 
could be determined. These inspection pipes also 
enabled the level of water in the ungrouted aggregate 
and the temperature of the water immediately above 
the grout level to be measured. This water was dis- 
placed as the grout rose. 

The grouting equipment consisted of a main 
batching and mixing plant erected on the north 
abutment and a main pumping plant at the north 
end of the dam with a supply line carried along the 
crest of the dam for its full length and a return 
line back to the pumping plant. The main supply 
pipe was 3 in. in diameter and the return pipe 
gradually decreased from 3 in. to 1} in. in diameter. 
The return served a series of small tanks from which 
distributor pumps were fed. There were 21 of these 
distributor pumps in all; they were mounted on 
skids for easy movement. Two of these pumps with 
their supply tanks and the return grout line are 
shown in Fig. 7, on page 387. The pumps were 
small triplex units with a single discharge from each 
cylinder; as the grout pipes were vertical, only 
small pressure had to be developed by the pumps. 
Any grout not taken by the pumps was delivered to a 
storage agitator tank by the return line. 

Forty-four strain meters mounted in steel tubes 
were connected to selected anchor bars. These 
enabled the pressure against the slab wall caused 
by the filling-in of the aggregate to be measured. 
This was found to be considerably greater than had 
been expected from a granular material placed 
without vibration. Large variations in pressure 
were shown by different meters. Near the bottom 
of the coarse aggregate where the static head was 
greatest, the addition of the grout did not increase 
the pressure to any appreciable extent and the 
average final pressure was considerably less than 
had been expected, on the assumption that the 
grout would act as a true liquid. As at the tem- 
perature ruling when grouting was in progress, the 
grout would remain as a plastic material for at least 
24 hours, it appears that the laws governing the 
lateral pressure of freshly-grouted aggregate are 
different from those for grout alone. 

It is stated at the outset of this article that it 
was desired to place the new face of the dam at the 
lowest possible temperature above freezing in order 
to minimise shrinkage. The temperature of the old 
face of the dam was low as it was exposed during a 
large part of the winter. During the period of 
grouting, the temperature of the water in the reser- 
voir was 43 deg. F., and except near the top of the 
dam, and above the water in the reservoir, the tem- 
perature of the water in the Prepakt aggregate above 
the grouting zone was substantially the same. As 


the grout level rose, the temperature of this water 
gradually increased, and at 106 ft. above the base 
of the dam there was a layer of water about 2 ft. 
deep at a temperature 13 deg. F. higher. For 
grouting operations above this level, cold water 
from the reservoir was pumped down into the 
aggregate mass through inspection pipes, thus 
reducing the temperature of the water at and near 
the grout surface. The average temperature of the 
grout as it was pumped through the pipe line was 
57 deg. F. and its temperature immediately after 
intrusion into the te mass varied from 
46 deg. F. near the bottom to 56 deg. F. at 106 ft. 
This higher temperature was reduced by circulating 
reservoir water as explained above. As the cement 
hydrated, the temperature of the Prepakt concrete 
increased by about 18 deg. F. in the thick section 
and 9 deg. F. in the thin. For the thick section the 
average Maximum was 63 deg. F'. and this declined 
by about 1 deg. F.a day. Three weeks after grout- 
ing, the temperature of the mass had declined to 
50 deg. F. and as under low-temperature conditions 
of hardening the Prepakt concrete was of low 
strength at this age, and plastic flow could readily 
take place under low stress, it is considered that 
all portions of the facing blanket below reservoir- 
water level are substantially free from thermal 
stresses. 

Much of the information contained in this article 
is obtained from the American Society of Civil 
Engineers’ paper which has been mentioned already. 
It was contributed by Mr. Raymond E. Davis, 
Director of the Engineering Materials Laboratory 
of the University of California, who acted as con- 
sulting engineer for the Barker Dam repair, Mr. 
E. Clinton Jansen of the Colorado Power Company 
and Mr. W. T. Neelands, the resident engineer on 
the work. Towards the end of the paper, the 
opinion is e that considerable economy 
might result in work of this class if considerably 
larger precast slabs were used. It is also suggested 
that new dams might be constructed, using weather- 
resistant high-strength slabs for both upstream and 
downstream faces, with an interior mass of Prepakt 
concrete. 
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Applied Atomic Power. By Proressor E. S. C. Situ, 
M.A., R. T. SawYER, M.E., PRoressor A. H. Fox, 
Ph.D., and H. R. AvusTIN. Prentice-Hall, Incor- 
porated, 70, Fifth-avenue, New York, U.S.A. [Price 
4 dols.]; and Blackie and Son, Limited, 66, Chandos- 
place, London, W.C.2. [Price 20s. net.] 

Tue difficult task of combining the work of four 

separate authors (none of whom, incidentally, 

claims to be a specialist in atomic physics) into a 

convincing “forecast of the applications of atomic 

energy to the service of man” has been attempted 
in this book, but without conspicuous success. 

The result is a compilation rather than a book, 

wholly American in conception and authorship, 

and bearing evidences of hasty preparation which 
are not entirely justified by the fact that it was 
first printed in 1946, when sober scientific state- 
ments were needed to correct popular misconcep- 
tions and to temper journalistic extravagances 
about the nature and potentialities of atomic 
power. Not unexpectedly, therefore, the title may 
prove somewhat disappointing, in so far as it may 
suggest the accomplishment, or at least a definite 
stage in the development, of the industrial prime 
mover actuated by atomic means. Instead, the 
section of the text dealing with the aspect of 
greatest interest to engineers merely speculates 
about possible methods of converting atomic energy 
into mechanical power, and has more to say about 
closed-cycle gas turbines operating on high-pressure 
helium or helium-carbon dioxide mixtures, which 
Mr. Sawyer regards as the most promising partner 
for uranium reactors, than about the directions in 
which atomic heat generators themselves are likely 
to be exploited. His imaginative pictures of the 
atomic-powered locomotive and ship of the future 
are concerned too much with the eventual advan- 





tages of the perfected achievement, and too little 
with the engineering along the road to perfection, 
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to be either useful or interesting to the mature 
technical mind. 

A large part of the text consists of an account of 
the development of the atomic bomb, abstracted 
by Professor Fox from Professor H. D. Smyth’s 
official American report. It includes some little. 
known facts about the great establishment at Oak 
Ridge and its subsidiary laboratories, notably in 
connection with research incidental to the large. 
scale production of plutonium. Many of the 
problems solved by such work, such as the successful 
separation of isotopes by gaseous diffusion, have 
industrial applications of immediate promise, and 
Mr. Austin’s brief review of them could be made 
even more instructive by being brought up to date, 
The introductory chapters, by Professor Smith 
and Professor Fox, deal briefly with the historical, 
mineral and physical background of atomic-energy 
production by the control of chain reactions. The 
elementary knowledge so conveyed is necessary, if 
not wholly adequate, for an ‘appreciation of existing 
fission processes, but it serves rather to emphasise 
the prematurity than the usefulness of attempting 
to forecast the atomic power plants of the uncertain 
future. On the whole, therefore, this is a book 
which will be read with most profit by engineers 
who realise that the proven applications of atomic 
power are as yet few in number and limited in scope. 


Gears, Gear Production and Measurement. By A. C. 
PAREINSON, A.C.P. (Hons.), F.Coll.H., F.I.E.D., and 
W. H. Dawney, A.M.I.E.I. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 25s. net.] 

THE production of gears has become a highly skilled 

trade and it is to firms that specialise in this work 

that the general engineer goes for his requirements. 

The book under review was not written with the 

purpose of instructing the skilled gear-cutter ; it 

is designedly ‘‘ pop’ ” in form and, as the authors 
state in their preface, “‘has been written in the 
hope of benefiting those in the trade who have 
little or no background of basic knowledge of 
modern gear forms and of the range of manufac- 

turing and measuring methods.” Too often a 

gear-cutting firm will receive customers’ blanks 

that are wrong in essential details ; sometimes, by 

a reduction in diameter or an alteration of the 

face angle, these blanks can be corrected, with 

little additional cost in time and labour. A frequent 
cause of incorrectly dimensioned blanks is that the 
measurements have been taken from the old gear; 
with worn gears, this may amount to little more 
than an inspired guess. Another cause is that, 
while knowing the general principles, a draughtsman 
has neglected to take into account correction factors 

or has insufficient knowledge to realise that 4 

different form of tooth would provide a more 

efficient gear. 

As a guide to the avoidance of these and other 
mistakes in design and dimensions, this book can 
be recommended ; and, though it is not specifically 
intended for them, many operators of gear-cutting 
machines should learn from it much of the theory 
that they put into practice. It will not, however, 
assist them to any considerable extent in the actual 
setting-up and operation of their machines, or in 
the essential details of time study ; nor is it intended 
as a comprehensive treatise on gearing that can be 
used as a standard book of reference. The book is 
divided into two sections, Part I covering the 
various types of gears and forms of teeth. The 
chapter on “‘ Spur Gears and Elementary Geometry 
of the Involute ” expounds the basic principles of 
gearing and from there the authors proceed to 4 
survey of “ Racks and Internal Spur Gears.” A 
chapter each is devoted to helical gears, bevel 
gears, spiral gears, and worm gearing. Different 
types of gear-cutting machines are mentioned, with 
sufficient notes and illustrations to enable a general 
idea to be obtained of the various methods employed. 
Part II deals with “Gear Measurements and 
Testing.” The majority of the details given in this 
part, while of interest, are really outside the scope 
of ‘those who have little or no knowledge of gear 
forms,” but they should prove of use to gear cutters 
themselves. Various tables are appended. The 
book appears to achieve the primary aim of the 
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authors, @ result which is aided by the detailed 
diagrams and constructions with which it is 
illustrated. 





Highway Bridge Design. By Davip Y. HILL. Charles 
Griftin and Company, Limited, 42, Drury-lane, London, 
W.C.2. [Price 42s. net.] 

Tue design of both steel and reinforced-concrete 
bridges is dealt with in this book, which is well 
illustrated by line diagrams and by half-tone plates. 
The author starts with the usual assumptions of 
reinforced-concrete design. He presents design 
tables for reinforced-concrete slabs, based on the 
Memorandum on Bridge Design and Construction 
No. 577 (H.M. Stationery Office), and, after con- 
sidering clauses relating to the design of reinforced 
concrete for bridge purposes, passes on to the 
problem of loading. Next he describes the design 
of beam and slab bridges and of reinforced-concrete 
girder bridges, and shows the method of dealing 
with beams varying in depth. The use of steel 
girders encased in concrete, commonly employed 
for bridges constructed over railways without inter- 
ruption to traffic, is dealt with, and attention is 
given to ways of achieving minimum construction 
depth in given cases. There follow some notes 
on steel bridges and a chapter on the design of 
culverts. Then the design of rectangular-portal 
frames, either hinged or fixed at the base of the 
posts, is examined, and formule derived from the 
theorem of three moments are given. This is 
succeeded by the analysis of continuous-frame 
bridges using moment-distribution methods. 

After a few concise notes on influence lines, the 
author proceeds to consider continuous girders and 
shows how the influence lines for them may be 
derived and how allowance may be made for the 
cases in which the depth of girder varies along its 
length. The design of reinforced-concrete posts 
and columns, such as occur in spandrels, arches, 
and viaduct construction, follows, and is succeeded 
by a short chapter on the design of reinforced- 
concrete sections to resist combined bending and 
direct compression. The design of various types 
of arches, such as the three-hinged, two-hinged and 
hingeless arch, is made the subject of a lengthy 
chapter, after which the case of rigid-frame bridges 
is considered. The final chapters deal with abut- 
ments and wing walls, bearings, rockers, expansion 
joints, and ssthetics. Methods of designing mass- 
concrete walls, reinforced-concrete cantilever walls, 
reinforced-concrete counterfort walls, bridge bear- 
ings, and temporary and permanent hinges are 
described, and much useful information given on the 
architectural design of concrete bridges. In par- 
ticular, three are some interesting notes on parapet 
walls and surface treatment, well illustrated by 
half-tone plates. Throughout the book, the reader 
is greatly helped by numerical applications of the 
design methods proposed. 





LECTURES IN RUBBER TECHNOLOGY.—A series of 
lectures will be given by the Rubber Producers’ Research 
Association at Newton Heath Municipal Technical 
School, Newton Heath, Manchester, 10, at 2.30 p.m., on 
Thursday, November 18, December 2 and 16, ana Jan- 
uary 20 and February 3 and 17, 1949. The lecturers are 
Drs. J. L. Bolland, L. R. G. Treloar, and G. Gee, and 
Messrs. C. G. Moore, D. W. Saunders, and W. P. Fletcher, 
and the subjects of the lectures include such matters as 
“The Physical Basis of Rubber Elasticity,” ‘‘ The 
Design of Engineering Components in Rubber,” ‘‘ Dyna- 
mic Properties of Vulcanised Rubbers,” and ‘“‘ Thermo- 
dynamic Properties of Rubber.” Representatives of 
firms, and others interested, are invited to attend the 
lectures. 





THE CHEMICAL SociETy.—The research fund of the 
Chemical Society provides grants for the assistance of 
Tesearch in all branches of chemistry. A sum of about 
7001. per annum is available for this purpose, the income 
being derived from a donation of the Worshipful Company 
of Goldsmiths, from the Perkin Memorial Fund, and 
from other sources. Applications for grants will be 
considered in November and should be submitted on the 
appropriate form not later than Monday, November 1. 
Applications from Fellows of the Society will receive 
Prior consideration. The Fellowship is open to all men 
and women who are interested in chemistry, and forms of 
application for membership may be obtained from the 
general secretary of the Society, Burlington House, 
Piccadilly, London, W.1. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Concluded from page 379.) 


Steam Gunspoat MACHINERY. 


THE second paper presented at the session on 
Thursday, September 23, and the final one in the 
programme of the Autumn Meeting, was that of 
Commander (E) H. A. K. Lay, R.N., and Com- 
mander (E) L. Baker, D.S.C., R.N., on “ Steam 
Gunboat Machinery—A Lightweight Steam Plant.” 

The steam gunboats built for operation in the 
English Channel after the collapse of France in 
1940 were 115 ft. in length and were propelled by 
turbines, on two shafts, which gave a total shaft 
horse-power of 8,000. The intended speed was 
38 to 40 knots, and features of the design were the 
success achieved in restricting the weight, and the 
speed with which the whole of the machinery was 
designed, constructed and installed. The stressing 
of the machinery did not exceed the rates normally 
used in high-class work and, because of the supply 
position, no lightweight alloys could be used. The 
desired limitation of weight was contrived by the 
adoption of a very simple design and by avoiding 
duplication of auxiliaries. The propeller revolutions 
were 900 per minute, and an original requirement 
was an endurance of 200 miles at full power. A 
speed of 38 to 40 knots was aimed at, but some 
reduction of this had to be accepted, as the amount 
of additional equipment eventually fitted, and the 
decision to increase the full-power operating radius, 
added some 50 per cent. to the original displacement. 
The fuel was Pool Diesel oil. The machinery 
installation consisted of a single Foster Wheeler or 
La Mont boiler, supplying 80,000 lb. of steam per 
hour at 400 lb. per square inch and 700 deg. F. to a 
single-cylinder turbine on each propeller shaft, 
with single-reduction gearing. The total weight of 
the main engines of each vessel, including turbines, 
condensers and gearing, was 143 tons, or 4-12 Ib. 
per shaft horse-power. The designers were Messrs. 
Metropolitan-Vickers Electrical Company, Limited. 
The first of the John Thompson-La Mont boilers 
to be built weighed 16} tons, including the water ; 
and the Foster Wheeler type, with water, weighed 
18-6 tons (calculated weight). The propellers were 
of manganese bronze, 4 ft. 6 in. in diameter. In 
designing the machinery, a working life of five years 
had been assumed and, at the end of this period, the 
machinery of gunboat No. 9 (H.M.S. Grey Goose) 
was removed, completely stripped, and the important 
parts sectioned for examination. According to the 
paper, “this investigation showed that every 
significant item was still in good condition,” although 
in various respects, scantlings had been accepted 
which were considerably lighter than the Admiralty 
standards for machinery of normal type. 

Mr. W. Sampson, opening the discussion, said that 
perhaps the most significant item in the paper 
was the statement that, after five years of war 
service, every significant item was still in good 
condition ; the light scantlings had nowhere set a 
visible limit to future life. Even though the 
steaming hours were only a fraction of those of 
major warships, they brought out the point that not 
all the wastage troubles of the latter were related 
to the total steaming time. With the record of 
those successful installations before them, designers 
should examine thoroughly the conventional mercan- 
tile standards and practice, for the paper showed 
clearly the great saving that could be achieved in 
weight and cost without involving risk. Comment- 
ing that the classification societies’ rules included a 
corrosion allowance, he suggested that a corrosion 
allowance on the whole surface of the boiler tubes 
was a penalty which did not give much longer life, 
for corrosion was usually local and of a speedily- 
penetrating nature, and the longer life due to addi- 
tional thickness was almost negligible. Therefore, 


it seemed that to thicken up the whole of the boiler 
generating surface was not a true requirement, but 
that purity of feed, de-aeration and chemical treat- 
ment was. He believed that boiler designs could 
be made lighter because of the possibilities of 
improved combustion methods, etc. There was 
every prospect that the furnace heat-release rates 





given in the paper could be raised to at least 
500,000 B.Th.U., or even higher, which meant a 
reduction in furnace volume and, consequently, in 
weight of boiler. Secondly, with boilers in an open 
stokehold of cased design, and the acceptance of 
much higher gas velocities, higher transmission 
rates would be possible, effecting reduction of total 
heating surface. Thirdly, the substitution of a 
proportion of the boiler heating surface by light- 
weight aluminium economiser surface, as used in 
other naval vessels, would effect a substantial 
reduction in total weight. Fourthly, the brickwork 
and insulation in the gunboats accounted for no less 
than 25 per cent. of the dry weight of the Foster 
Wheeler boiler, and cuts in that weight would be 
made in a new design by more water-cooling of the 
furnace and the use of lighter refractories. 

Rear-Admiral (E) G. H. H. Brown urged that, in 
making comparisons with other light warships, it 
was necessary to bear in mind that the gunboats 
were built for a particular service, with a limited 
scope, and they had not attempted to provide the 
same degree of reliability and availability that was 
expected in a destroyer or a frigate ; the auxiliaries 
were not duplicated, and the usual safeguards to 
provide for continued operation after action damage 
were omitted. The ships were intended to be ser- 
viced at a shore base. Notwithstanding higher 
rating, and the reduced scantlings of both pressure 
parts and casings, the boilers gave excellent service. 
He endorsed Mr. Sampson’s remarks regarding the 
corrosion allowance for tubes. There was much to 
be said for reducing the thickness of tubes, for that 
would reduce the heat stresses. The saving in 
weight achieved by the use of light pipe-flanges, 
coupled with the reliability and freedom from 
leakage, was most gratifying. Having regard to 
the short time available in which to design and pro- 
duce the machinery, the results achieved were really 
remarkable. 

Mr. H. N. G. Allen also commented on the fact 
that the light scantlings had not set a limit to the 
life of the machinery, although the power-weight 
ratio had been reduced from 31 Ib. to 14 Ib. per shaft 
horse-power. Whether the results justified a sub- 
stantial move towards lower power-weight ratios in 
less specialised craft, in which a different stress was 
laid on reliability, durability, simplicity, ease of 
maintenance and efficiency, was a matter for dis- 
cussion, but he felt there was considerable scope for 
moving along those lines. It seemed that, to make 
rapid progress in normal times, specifications for 
machinery should be as flexible as possible to allow 
scope to designers. The spending of vast sums of 
money on research and development in aeronautical 
engineering during the past 20 years must be the 
envy of marine engineers. Perhaps the marine 
engineer could adopt with advantage something of 
the outlook of the aeronautical engineer. A tre- 
mendous amount of knowledge gained, especially 
during the last war period, had yet to be applied. 
Apart from the gain in power-weight ratio of prime 
movers by higher pressure and temperature condi- 
tions and high rotational speeds, would the authors 
agree that one of the most important factors was to 
aim at the greatest degree of symmetry in the 
design, so as to reduce thermal stresses to the 
absolute minimum, and thus to cut weight without 
affecting strength or rigidity ? The boiler circulat- 
ing pump, the feed pump and the generating set 
had all direct-drive turbines ; possibly the gain in 
fuel consumption as the result of gearing them 
might have saved bunker space and, therefore, 
weight. He asked whether the handling of very small 
parts by personnel accustomed to maintaining 
heavier machinery had given rise to difficulties ; 
was there any experience of bolts being broken off, 
or of valve spindles having their necks screwed off ? 

Captain (E) W. K. Weston said that the design 
was skimped to meet weight requirements and, 
undoubtedly, the skimping went too far in some 
directions. The ships fitted with La Mont boilers 
never attained their full designed shaft horse-power. 
The first such ship, when on trials, did not reach 
7,000 shaft horse-power and the fuel-burning equip- 
ment was altered and the furnace volumes increased. 
The next La Mont-boilered ship achieved about- 
7,200 shaft horse-power. On the other hand, the 
ships fitted with the Foster Wheeler boilers achieved 





ENGINE 








full power without much difficulty, and they were 
sweeter to drive at full power than the La Mont 
boiler ships ; but the Foster Wheeler boilers were 
2 tons heavier. Even where weight had to be cut 
as much as possible, it did not pay to reduce too 
much. There was no auxiliary feed pump, and all 
that the Stoker Petty Officer in charge of the boiler 
room could do in the event of feed failure was to 
bring his ship to a standstill; in a future design of 
that sort, an auxiliary feed pump was essential. 
Incidentally, a small auxiliary feed pump increased 
the cruising radius at low power out of ail measure. 
Discussing the authors’ reference to corrosion in 
superheater tubes and the suggestion that the 
addition of boiler compound to the feed water had 
put things right, he expressed the opinion that the 
real cause of the improvement was the change in the 
design of the evaporators, because the original 
evaporators were very small—in his opinion, too 
small for the job. 

Mr. G. A. Plummer said that, while the La Mont 
boiler was not unknown previously, nothing 
approaching the small weight and size of the units 
described had been attempted before. The boiler 
was designed around the combustion apparatus, 
and the ability of that apparatus to deal with the 
fuel within the confines of the combustion chamber 
limited entirely the size to which the unit could be 
reduced. The effects of low-viscosity oil were not 
fully appreciated. The authors had inferred that 
the combustion chambers, particularly of the 
forced-circulation boilers, were over-cooled, and 
other engineers had also expressed that opinion very 
strongly. As a result, during the early tests on the 
prototype unit, about 20 per cent. of the furnace 
cooling tubes were covered with refractory tiles. 
The test results hed shown that the reduction of the 
cooling surfaces had no beneficial results on com- 
bustion; the only results were higher uptake 
temperature and reduced flexibility of the units. 
Experience confirmed his opinion that, given 
sufficient heat to promote ignition, any further 
improvements were the result of, and not the cause 
of, combustion. Given forced circulation, the main 
criterion for boilers of small size was the ability to 
burn the fuel in the combustion space. Discussing 
further features of the installations, Mr. Plummer 
mentioned the use of stub tubes, probably the 
earliest example in this country ; the large use of 
welded construction ; the use made of heat-resisting 
steels to reduce weights ; the very large application 
of up-to-date knowledge in respect of insulation and 
refractories ; and the outstanding dryness of the 
steam from the La Mont boiler. Referring to 
action damage, he mentioned a case where three 
small shells had penetrated a boiler, which was 
steaming at a pressure of about 400 lb. per square 
inch. Several tubes were flattened or distorted but 
not a single failure occurred. The ship steamed 
home, but no tube became overheated. Many 
improvements had been made as the result of steam 
gunboat experience, and they were being incorpor- 
ated in merchant ships. 

Mr. H. J. Grout felt that a major mistake was 
made, during the early trial period, in that the first 
two or three steam gunboats were not taken out in 
heavy weather and run for 50 or 60 hours. Although 
the ships had operated extremely well in smooth 
water, on the first trip through the Irish Sea, when 
a gale blew up, the distilling plant had refused to 
operate when the ship was rolling and travelling at 
low speeds, merely because the suction to the 
evaporator pump was taken from the bottom; 
in calm water only about 2 ft. below the water line. 
The ship rolled so much in rough weather that the 
intake came out of the water and the pump did not 
prime, so that there was no constant supply of 
sea-water to the evaporator and consequently 
there was a very heavy carry-over into the boiler. 
Feed pumps had gone out of action on more than 
one occasion, so that the ships had to be towed 
back or to signal for help. Apparently, there was 
no easy way round the problem; but eventually, 
by getting new types of bearings, the number of 
hours during which the pumps would run without 
breakdown was increased from about 300 to 1,000, 
orso. He considered the oil-fuel burning equipment 
ratings and the combustion-chamber ratings in the 
boilers were definitely too high, the most important 





ERING. 





point being that at full power at night there would 
be sheets of flame coming out of the stacks. If 
Pool gas Diesel oil were mixed with the right amount 
of ordinary Diesel oil, they could get away without 
too much difficulty; but if they went to a port 
which had not the proper fuel, and had to use the 
ordinary Pool gas Diesel oil, conditions were most 
difficult. 

Mr. W. J. Ferguson said that since the great 
reduction effected in weight was in some measure 
the result of the acceptance of higher stresses, it was 
natural to ask what the classification societies 
would do; he suggested that, if the A*miralty 
would let them have particulars," they would 
certainly see what could be done. Conditions, 
however, were very different. There was not much 
incentive to save weight or space in the average 
merchant ship, but there was always an incentive 
to save on the initial cost of the machinery installa- 
tions, provided that the repair bill during the 
life of the vessel was not increased. He thought 
that the authors would agree that the percentage 
of the saving ef weight which was directly attribut- 
able to higher stresses was very small; what had 
been done was to sacrifice certain auxiliaries, etc., 
in view of the special conditions applying to the 
ships. They had all seen designs in which, at 
points of maximum stress, more careful design could 
have reduced the stress by at least 10 per cent. ; 
the explanation might be that by careful design, 
the avoidance of stress concentrations, etc., the 
designers had increased the basic stress without 
increasing the maximum stress at all. Classification 
societies in general, he hoped, would not abide 
rigidly by the letter of the law; they always 
leaned towards intelligent design. There must be 
room for a considerable reduction of tube thicknesses 
below what was stipulated in the printed rules ; 
in fact, there had been a considerable reduction 
during the past six or eight years. Regarding the 
“corrosion ellowance” in tubes: the fact that 
there was a constant in the formula did not mean 
necessarily that it was an allowance. A formula 
had to cover a wide range of diameters and, there- 
fore, the thickness was not in direct proportion to 
the stress. In the case of drums, etc., in the 
Merchant Service, there was a lot to be said for a 
corrosion allowance; most boilers in service 
showed signs of bad pitting which had occurred at 
some time and had been arrested. If there were 
no corrosion allowance, engineers who condemned 
a boiler drum for small pitting might be unpopular. 
Noting that the screw shafting stresses on the gun- 
boats were not above the normal, he said that there 
had been sufficient failures of screw shafts to justify 
the belief of the societies that their basic stress was 
about right. The same applied to crankshafts ; but 
he did not think it did to intermediate shafting, 
where stress concentrations could be avoided. 

Commander Lay, replying first to Mr. Allen’s 
question whether the results in that special applica- 
tion justified a move towards lower power-weight 
ratio in larger craft, said that the ship as a whole 
must represent a consistent policy in its construc- 
tion. In connection with the vessels described, co- 
operation was even closer than usual, with the 
result that great weight savings were achieved both 
in the machinery and in the hull. In his view, a 
close specification for any class of ship was abso- 
lutely essential in peace time, because, when the 
inevitable rapid expansion occurred, standardisation 
was all-important. Problems in aeronautical and 
marine engineering were very different. The life 
of aircraft machinery was comparatively short, and 
the quantities very much greater than in marine 
work. The lessons from the work in aeronautics 
would have to be applied very carefully ; and he 
would not agree entirely that research should stop 
until that knowledge had been used. 

The boiler circulating pump mentioned was avail- 
able when the boiler was designed, and the boiler 
was designed to incorporate it. It was decided that 
the increase of weight due to gearing, which would 
be accompanied by further difficulties in connection 
with oil sprays, cooling, etc., was not justified. The 
generator steam consumption, compared with that 
of other auxiliaries, was very small. The feed pump 
was already running at 7,500 r.p.m. and it was rather 





doubtful that very much would have been gained by 
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gearing that. The frequency of overhauls was no 
greater than with heavier machinery, except in one 
or two cases. 

Replying to Captain Weston, he admitted that 
the lack of trials had led him to wonder whether they 
had gone a little too far in some cases. The reduc. 
tion in weight was achieved largely as the result of 
a clear-cut policy. The weight of additional feeg 
pumps was estimated and the increase of cruising 
radius to be effected was taken into account, but 
it was decided to stick to the policy of no duplica. 
tion. There was only one fan and if that had 
stopped, the same thing would have happened; 
there was only one circulating pump, one forced. 
lubrication pump, and only one of everything. [f 
everything had been duplicated, they would not 
have achieved the same performance. He appre. 
ciated that, in Merchant Service work, weight was 
not so important as in craft of the kind described, 
and he doubted whether, for the Merchant Service, 
the reduction of weight for its own sake would have 
been justified; but thermal stresses could be 
reduced by the use of thinner materials. 

Commander Baker, replying briefly to the remarks 
on boilers, said they had dealt mainly with com. 
bustion, and it must be admitted that an error was 
made. The difficulty was to translate existing data, 
on a trial of a particular boiler under particular 
conditions, to something hypothetical ; it was unfor. 
tunate that it had applied only to the one boiler, 
because, undoubtedly, that had caused a certain 
amount of unjustified prejudice. 

The above discussion concluded the technical 
sessions of the Autumn Meeting. The afternoon of 
Thursday, September 23, was devoted to visits, of 
which three had been arranged ; namely, to the 
National Physical Laboratory at Teddington, to 
Hampton Court Palace, and, by courtesy of the 
Port of London Authority, down the Thames from 
Tower Pier and through the London docks in the 
P.L.A. launch St. Katharine. Friday, September 
24, which was the final day of the meeting, was 
reserved for two whole-day visits, these being to the 
Royal Aircraft Establishment at Farnborough, on 
the invitation of the Ministry of Supply ; and to the 
Banbury works of the Northern Aluminium Com- 
pany, Limited. 





THE ACCURACY OF AUTOMATIC 
LATHES.* 


By D. J. Desmonp, M.Sc., A.M.I.E.E. 


THE usual quality control procedure gives an esti- 
mate of the inherent variability associated with the 
manufacture of piece parts on a single-spindle auto- 
maticlathe. Generally, this is expressed as the standard 
deviation or the mean range of small samples and it 
measures the dispersion of the sizes which occur over 
a short period of time when all other effects depending 
upon time have been eliminated. Multiplication by the 
appropriate factor then gives the spread associated 
with the process or the engineering tolerance which 
can be met providing conditions of manufacture remain 
stable. 

It is well known that, in many cases, such control 
charts run out of control, indicating the presence of 
additienal variability depending upon time. A proce- 
dure has therefore been designed to determine the 
magnitude of this effect and analyse it into its consti- 
tuent parts. The method consists of taking a sample 
of five successively made components and measuring 
the important dimensions to the nearest 0-0001 in. 
It takes about ten minutes to collect the sample, 
measure the components and record the results. As 
soon as the first sample is completed, the second sample 
is taken and the procedure is continued until 20 samples 
altogether have been treated. The measurements are 
entered on a form, which is reproduced on the oppo- 
site page at Zths full size, together with the relevant 
information concerning the machine, component dimen- 
sions, tooling, etc. The figures are then examined by 
the Analysis of Variance technique, as illustrated at 
the bottom of the form. 

Altogether, five different effects can be recognised 
and their contribution to the overall variability can 
be estimated from the measured figures. They are: 
(1) the inherent machine variability which exists over 
a very short period of time; (2) a linear increase (or 
decrease) in size with time which is normally attributed 





* Paper read at a joint meeting of Section G and Sec- 
tion A* (Mathematics) of the British Association, at 
Brighton, on Monday, September 13, 1948. (Abridged.) 
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THE ACCURACY OF AUTOMATIC LATHES. 


MACHINE ACCURACY ASSESSMENT—DATA SHEET 





ow G4 AUTO 

component TERMINAL 

sate or mooucnon BE SEC. 
TYPE OF TOOL CONTROLUNG THs CHMNHON TURNING TOOL- TURRET 


macnine Mo BHI34 


DRAWING Ne 


701234 


omennon DIAMETER 0-156 


ie. 
003 


mace ano tre CVA. 


warm BRASS 8S 607 


Tourrance ©°'0030 


ne 30 


care 1- 3-46 











































































































































































































Tete | '1-80/| (2-00 | (240 | 12-20 12-30 | 1-35 | 1-45 | 2-15 | 2-25 | 2-35 | 2-48 | 2-55 | 3-5 | 3-15 | 3-25) 3-45) 355 | 45 4-3 | 4-25 
noms : 8 2 , wa) 2 FFs sacnounn 
Si meer aan 
SAMPLE 
Nes FALSE ZERO 
'] 42 | 40 | 40 | 43 | 45 | 40 | 39 | 39 | 39 | 40 | 44 | 44] 43 | 4: | 36 | 40 | 42/ 41 | 42 | 38 enna 
a| a2 | a | 39 | 42 | 48 | 41 | 40 | 40 | 39 | 40 | 45 | 46 | 41 | 39 | 38 | 42 | 42 | 43] 41 139] ieoe” 
i »| 42 | 39 | 40] 43 | 45 | 41 | 40] 39 | 40 | 40 | 43 | 46 | 44] 4: | 36 | 39 | 43] 4: | 39] 40 PRES. 
«]43 | 39 | 42] 42| 44] 42] 40] 4: | 39 | 42 | 44 | 44] 40] 37 | 37] 40] 44] a | 41 | 40] “NO 
s| 44] 42} 4: | 42] 45 | 40] 39] 39 | 4: | 40 | 44] 44] 4: | 38 | 35 | 40| 4: | 42 | 39 | 40] _ 0001 
213 | 201 | 202] 212 | 224| 204/198 | 196 | 198 | 202 | 220 | 224 | 209 | 196 | 164 | 201 | 212 | 208| 202/197 | 4 105 
168967 
SUM OF (COLUMN TOTAL) 14 = 166 895-4 (GRAND TOTAL) Yon ~ 168 SIO -25 wos — 
ANALYSIS OF VARIANCE 
dann OT ES an amines P= 17.70 wammnnecs womens sane (s,")@ 1145 2 
arene Lewis 385 15 19 | 20.270 eer vanes soronan unne (6,) = 3°825 
we wes 91-60 r 1.1450 6o+s' = 4970. 
poy 476.75 99 wees momen ae ot. owns seg e. hh.....t.. 
Vere - 2.23 euverre = 13-8 
TABLE I.—QUALITATIVE RESULTS ON OUTSIDE DIAMETERS. 
| 
2 Time and Bar 
Assess- Trends Independent Time Effect Bar Effect 
Make. ments. Observed. of Time. Present. Present. a Resets. 
| e 
Level. | Level. 
Changed. | Unchanged. 
A 20 2° 4 10 12 5 
B 44 | 3 ¥ 24 24 ll 10 
c 37 | 3 1 23 26 13 11 12 
D 3 _- -= 3 | 3 3 — = 
Total..| 104 | 8 12 60 65 33 22 27 
* One of these trends was in the negative direction. 
TABLE II.—Spreaps OBTAINED ON OUTSIDE DIAMETERS (UNITS OF 0-001 IN.). 
Form Tool. Turning Tool. Roller-Box Tool. 
Make Period of Variation. 
Average. 8.D. Average. 8.D. Average. | 8.D. 
' 
A Short .. 3-1 1-4 2-8 2-6 
Long .. 4-2 1-9 3-3 2-7 oo - 
B Short .. 3-1 1-8 2-6 1-3 1-4 1-1 
Long .. 3-9 2-1 4-1 2-5 1-9 1-4 
Cc Short .. 2-4 1-3 1-0 0-7 0-5 0-04 
Long .. 3-4 1-9 1-5 1-2 0-6 0-1 
D Short .. si va wi 1-5t a= 1-0* = = -- 
Long .. = ” eg 5-0t 1-9* a= — — 
* Based on one assessment. t Based on two assessments. 
TABLE III.—REVISsED SPREADS OBTAINED ON OUTSIDE DIAMETERS (UNITS OF 0-001 IN.). 
| Form Tool. | Turning Tool. Roller-Box Tool. 
Make. Period of Variation. 
Average 8.D. Average. 8.D. Average. 8.D. 
A Short .. | 2-6 0-8 1-2 0-8 — os 
Long .. } 3-7 1°5 1-7 1-7 -_ 
B Short .. 2-7 1-1 2-3 1-0 0-8 0-2 
Long .. > 3-6 1-8 3-4 1°7 1-1 0-6 
- 
Cc Short .. 2-3 1-1 0-7 0-4 0-5 0-04 
Long .. 3-3 1-9 1-2 1-0 0-6 0-1 














to tool-wear; (3) an haphazard variation with time 
superimposed on the trend and of greater magnitude 
than would be expected by the operation of (1); 
(4) an effect due to a change of bars during the taking 
of the samples; (5) a change in average dimension 
due to re-setting the machine. 

This paper has been confined to the results of the 
machining of external diameters, as this is considered 
to be of greatest interest. Altogether 104 assessments 
have been analysed in detail covering four makes of 
machine of various sizes up to 1 in. A trend has only 
been found eight times and in one of these it showed 
a very marked tendency to decrease uniformly in size. 
This is in direct contradiction with the tool-wear 
theory. Occasional trends in other characteristics 
have also been observed and sometimes these were 
also in the unexpected direction. 

Although the procedure was designed to be carried 
out in a minimum of time, it was found that in every 
case there was at least one change of bar and in fast 
operations (cycle times of 4-5 seconds) there may be 
as many as 12. In 62 per cent. of the assessments 
on outside diameters the bar effect was found to be 
present and in half of these it could not account com- 





non-significant. 


pletely for the variation of time. 
cannot be associated with type or size of machine, 
material, or method of tooling ; each assessment must 
be treated on its own merits. 
A clue to the cause of variation was obtained by 
examining the significance of the effects in one 
cular assessment. 


must be regarded as inherent in the process. 





This bar effect 


If it were 


In about half of the assessments, there was also a 
setting change due to some defect in manufacture. 
When this occurred, the setter may have tried either 
to produce the same size as before or he may have 
made a deliberate alteration. In some cases, several 
diameters were examined concurrently and then it 
may have been necessary to alter only one of them. 
This was true when the trend occurred on one of the 
dimensions. In such a case the setter would normally 
adjust one dimension to the extreme size and then let 
it grow naturally until another setting is required. 
This is somewhat misleading as it has happened that 
a trend may only be associated witha particular bar 
(or setting) and after a change of bar (or setting), the 
trend may no longer exist. It is therefore important 
to consider what was being attempted when a regression 
is fitted to the In one example, a change of 
0-0025 in. was made by the setter half-way through the 
assessment. Owing to the presence of the trend, 
there was no significant difference between the mean 
dimensions produced before and after the setting 
change. 
Qualitative results on the various types of machines 
are given in Table I, which indicates the number of 
dimensions in which the various effects were found to 
be significant. It can be seen that it is very rare for 
a time effect to be entirely absent and it is probable 
that a more sensitive estimate based on a larger number 
of observations would have detected the time effect even 
in these cases. Variations, due to differences along and 
between bars occurred concurrently in nearly one-third 
of the assessments and another 26 percent. showed a 
difference in size due to variation along bars. In a 
further 30 per cent., differences between bars were also 
detectable. 
In Table IT, quantitative results are given for types 
of machine and tooling. The figures quoted represent 
the average measured variation due to the machine 
and material over both short and long periods of time. 
They are given as the ultimate range between the 
largest and smallest diameter which would be produced 
at a particular setting and this is conveniently desig- 
nated as the spread. Owing to difference between 
similar machines and similar types of tooling, these 
spreads will not be unique and will depend upon the 
particular conditions. However, the dispersion among 
the spreads will be limited and it can be expressed as 
a standard deviation. Thus the figures quoted for a 
B machine with a form tool are 3-1, 1-8 which means 
that the average machine of this type will meet a 
tolerance of 0-0031 in., but all such machines will 
not be able to do so. The second figure, 1-8, means 
that the average spread of 3-1 is subject to a standard 
deviation from machine to machine of 1-8, so that it 
is almost certain that any machine of this type will 
satisfy a tolerance of 3-1 + 1-8 x 3 = 8-5, and nearly 
all such machines will be better than 3-1 + 1-8 x 2 
= 6-7. Actually, a spread of 9-2 was observed, 
which had an undue influence on the tabulated figures. 
They were therefore recalculated without this extreme 
— and this showed that another high figure should 
eliminated. Finally, a better estimate of the 
ae capabilities was obtained as 2-7, 1-1. Similar 
calculations have been carried out in the other cate- 
gories with the results given in Table III. This can 
be used by the Planning Engineer to help his decision, 
with the proviso that occasionally the measured 
spread will be outside the estimate from the table. 
Careful control of material will tend to reduce the 
overall spread to that over a short period. 

A limited number of tests have also been carried out 
on multi-spindle machines. These have been used to 
determine differences between spindles, as well as 
differences due to the machine itself and differences 
along and between bars. In addition, it is possible 
to determine the significance of any time-spindle inter- 
action which may exist: that is, the additional 
measurements required for a multi-spindle machine 
are largely used to examine whether the magnitude 
of the time (or bar) effect depends upon the spindle 
with which it is associated. Experience shows that 
it is sufficient to take two successively made components 


parti- | from each spindle to represent the sample at a given 
Here it was found that the time 
effect was on the boundary of significance so that it 
was doubtful whether it really existed. 
assumed to exist, then the bar effect had to be com- 
pared with it, and then the bar effect was judged 
On the other hand, if the time effect 
appeared to be absent, then the variation between the 
mean diameters produced from the different bars was 
too great to be accounted for merely by the inherent 
machine variability. This was interpreted as meaning 
that the variation was due to bars, partly to difference 
along bars, and partly to difference between bars. 
Discussions with the machine-tool engineer confirmed 
this view. He had prior knowledge of variation of 
hardness, both along and between bars. It was con- 
cluded that time variations are almost entirely due to 
fluctuations in quality of the material and consequently 


time and then 20 samples can be taken over a period 
in a similar manner to the single-spindle machine. 
It is necessary to identify each component with the 
spindle from which it was taken and the time at which 
it was taken. The figures are then subjected to the 
Analysis of Variance technique. It would not be 
possible, however, to do justice to studies of multi- 
spindle machines within the scope of a short paper, 
particularly as special complexities arise in making 
comparisons between different makes of machines due 
to differences in their design and construction. 

In conclusion, the author would like to express his 
indebtedness to his colleagues at Messrs. Joseph Lucas, 
Limited, who have been associated with him in the 
taking of these assessments and the interpretation 
of the results. He would also like to thank the manage- 
ment for permission to publish the results of his 
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1,600-H.P. MAIN-LINE DIESEL- 
ELECTRIC LOCOMOTIVE. 


THE first Diesel-electric locomotive to be built for 
main-line service in Great Britain was completed in 
December, 1947, and, after preliminary trials, went 
into regular passenger service on the Derby-St. Pancras 
run on February 23, 1948. Although some particulars 
of the locomotive were published last year, we consi- 
dered it desirable to await the completion of the general- 
arrangement drawings before preparing the following 
description. It has been possible also to incorporate 
the test results and to reproduce a photograph of the 
Diesel engine which were not previously available. 

The locomotive was designed jointly by the depart- 
ment of the Chief Mechanical Engineer, Mr. H. G. 
Ivatt, M.I.Mech.E., of the former London Midland and 
Scottish Railway (now the London Midland Region, 
British Railways), and the English Electric Company, 
Limited, Queens House, Kingsway, London, W.C.2, 
who were particularly responsible for the design and 
construction of the 16-cylinder Diesel engine and the 
electrical equipment. It was allotted the number 
10000, which has not been changed under the re- 
numbering scheme of British Railways. Fig. 1, on this 
page, shows the general appearance of the engine, 
Figs. 2 and 3, opposite, are a sectional elevation and 
plan, respectively, and Figs. 4 to 7, on page 396, show 
various stages in the construction of the locomotive. 

The L.M.S. Railway took a leading part in the 
development of Diesel-electric shunting locomotives 
in this country. When No. 10000 was introduced 
there were 44 of these engines on the L.M.S. system, the 
majority having English Electric Diesel engines and 
electrical equipment. This form of traction for 
main-line passenger and freight traffic has developed 
rapidly in the United States, and early in 1947 the 
L.M.S. and the English Electric Company entered into 
an agreement to design and build a main-line loco- 
motive. In order to give the widest scope to the 
experiment, the design was considered with care so 
that the locomotive could be tried on a considerable 
range of traffic. It was therefore decided to build two 
identical units, each having a Diesel engine of 1,600 h.p. 
(the same engine can also be rated continuously at 
1,760 h.p.), and having a driver’s cab at both ends, 
so that they can operate independently or coupled 
together. The two-unit locomotive thus develops 
3,200 h.p., and is controlled from one end by one engine 
crew. The second unit, locomotive No. 10001, has 
since been built and began its trials on July 5, 1948. 
Both were erected in the special] Diesel-locomotive shop* 
in Derby locomotive works. 

The locomotive is of the Co-Co wheel arrangement, 
there being two six-wheeled bogies with a nose-sus- 
pended motor on each axle. The Diesel engine is an 
English Electric 16 8.V.T. type unit. There are 16 
cylinders arranged in two rows of eight to form a V; 
the cylinders are of 10-in. bore and the piston stroke is 
12in. The maximum engine speed is 750. r.p.m. The 
maximum tractive effort is 41,400 lb., and the con- 
tinuous-rating tractive effort is 15,000 lb. The length 
over buffers is 61 ft. 2 in., and the weight in working 
order is 127 tons 13 cwt. Engine fuel is carried in a 





* See ENGINEERING, vol. 164, page 345 (1947). 
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main tank, with a capacity of 815 gallons, and a service 
tank with a capacity of 85 gallons. A carriage-warm- 
ing boiler is provided with water from a 595-gallon 
tank, and with fuel from a 130-gallon tank. 

Turning to the construction of the locomotive: the 
main frame, which is illustrated in Fig. 4, on page 396, 
consists of two longitudinal members with cross 
stretchers to brace them and form supports for the 
Diesel engine and other equipment. Each longi- 
tudinal member was fabricated from an I-section rolled- 
steel joist. Only a short middle section of each joist 
Temained uncut ; on each side, right to the end, a strip 
of the web was cut away, the remainder of the web 
and the flanges being closed together and set to the 
angles required. The joints were subsequently welded. 
Standard side buffers and drawgear are fitted. Corri- 
dor connections are also provided so that, when two 
locomotives are coupled together and working as one 
unit, there is access through them and the train for 
the engine crew. By means of an adaptor, the corridor 
connection on the locomotive can be coupled to that 
of a standard coach. The body, sides and end form 
one assembly which is supported on two pivots placed 
at each bulkhead behind the driving compartments. 
Thus, the frame is free to deflect without stressing any 
part of the superstructure. The body, including the 
driver’s compartments, and the roof are sprayed with 
asbestos on the inside surface, to reduce noise and for 
insulation purposes. The roof is provided with 
hinged doors so that the Diesel-engine cylinder covers, 
pistons, etc., can be withdrawn for examination. 

The Diesel engine and main and auxiliary generators 
form one unit, as shown in Fig. 5, on page 396. The 
unit is supported by three bearings resting on rubber 
pads on cross stretchers in the main frame. Auxiliary 
spring supports are also provided to assist in carrying 
the weight of the main generator, as can be seen in 
Fig. 2. The engine is of the four-stroke type, and is 
turbo-charged. The 12-hour B.S. rating is 1,600 brake 
horse-power at 750 r.p.m. It has been developed for 
rail-traction service, and the governing and control gear 
have been arranged to facilitate remote control. Open- 
type combustion chambers are formed in the crowns of 
the aluminium-alloy pistons, which each have three 
compression rings, two scraper rings, and a fully-float- 
ing gudgeon pin retained by Circlips. Wet-type cylin- 
der liners of special cast iron, and separate cylinder 
heads are employed ; each head has one inlet and one 
exhaust valve, together with a centrally-placed fuel 
injector. The valves seat on inserts of iron alloy, and 
are operated by rocking levers and short push rods. 
Individual fuel pumps are fitted, and these, with the 
valves, are operated through roller followers by two 
high-level camshafts arranged outboard along each 
bank of cylinders. The fuel-injection equipment was 
provided by Messrs. Bryce Fuel Injection, Limited, 
Ironbarks Works, The Causeway, Staines. 

The cylinder jackets and crankcase are of mono- 
block construction, and consist of two high-grade iron 
castings joined transversely. The camshaft compart- 
ments are formed in the upper portion, and the top 
surfaces, to which the cylinder heads are secured, also 
accommodate the cam followers and fuel pipes. The 
cams have hardened profiles and are separately attached 
to the camshafts. To facilitate their removal, the 
camshafts are built up in relatively short lengths. The 











cams operate in an oil bath, and the camshaft runs in 
large bronze bearings which are pressure lubricated. 
The camshafts are driven from the flywheel end of the 
engine by spur gearing and triplex roller chains which 
are contained in an extension of the crankcase casting. 
The bedplate is a single casting of special iron and it 
incorporates the lubricating-oil sump; transverse 
webs form housings for the nine main bearings. It 
is extended at the flywheel end, and forms a facing 
to which the generator body is bolted and registered. 

The eight-throw crankshaft was machinea from a 
single bloom of high-grade steel, without twisting. It 
was hardened and tempered, and runs in sleeve-type 
white-metal bearings having steel shells. The connect- 
ing rods are heat-treated alloy-steel forgings. The 
small-end bearings are floating bushes of phosphor- 
bronze, which are lubricated by oil fed under pressure 
through holes in the axes of the I-section rods. Each 
crankpin accommodates two big ends side by side, the 
big-end bearings consisting of whitemetal-lined bronze 
sleeves which are retained by the connecting-rod cap 
and four alloy-steel bolts. A vibration damper is 
fitted to the free end of the crankshaft, and a drive is 
taken from this point to the lubricating-oil, water, and 
fuel-transfer pumps. There are two circulating water 
pumps ; one foreach bank of cylinders. Two lubricat- 
ing-oil pumps are also fitted. One draws oil from 
the engine sump and circulates it through the oil 
radiator; and the second draws oil from the radiator 
circuit and delivers it through filters to the crank- 
shaft main bearings. The oil passes through drilled 
holes to the big-end bearings and gudgeon pins. Oil 
is also conveyed to the camshaft bearings, camshaft 
drive and pump drives. The valve gear is lubricated 
at reduced pressure from the main engine system. 
Two magnetic-type filters for removing ferrous particles 
have been supplied by Messrs. Philips Electrical, 
a Century House, Shaftesbury-avenue, London, 
W.C.2. 

The governor, which controls the engine at all speeds, 
is mounted at the flywheel end of the engine and is 
driven from one of the camshafts. It regulates the fuel 
pumps by means of a servo piston operated from the 
lubricating-oil system, and automatically stops the 
engine in the event of a failure of that system. Four 
exhaust-gas turbo-chargers, of British Brown-Boveri 
manufacture, are fitted, each serving four cylinders. 
The exhaust manifolds are between the banks of 
cylinders and are lagged and screened. The turbo- 
chargers have self-contained automatic lubricating 
systems which are independent of the engine system. 

The engine is started by running the main generator 
as a motor, with current supplied from a lead-acid 
battery. The connections are arranged so that the 
electrical circuit cannot be completed until a pressure 
has been built up in the engine-lubricating system by 
a motor-driven priming pump. In addition to the 
protective features already mentioned, there is an 
over-speed trip which automatically stops the engine 
if a pre-determined speed is exceeded. Furthermore, 
the turbo-charger air-delivery pressures operate a fuel- 
limiting device which automatically reduces the 
maximum power that can be developed by the engine 
if the pressure falls owing to a turbo-charger failure. 
Combustion air for the Diesel engine is drawn through 
four sets of louvres and filters which are mounted in the 
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wheel is provided in each cab. Within each “‘ nose” 
end of the locomotive there are a traction-motor 
blower on one side, and an air compressor on the other 
side. Each blower supplies air to the traction motors 
on the bogie beneath it. The compressed air is used 
for control gear, sanding and horn valves. Battery- 
box containers and four 21-in. vacuum-brake cylinders 
and reservoirs are slung from the underside of the main 
frame. The brake cylinders are coupled to the brake 
gear on the bogies through slack adjusters. 
(To be continued.) 





LAUNCHES AND TRIAL TRIPS. 

S.S. “‘ MAKEFJELL.”’—Single-screw passenger and cargo 
vessel, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for A/S Luksefjell, Oslo, Norway. Main 
dimensions ; 246 ft. 6 in. (between perpendiculars) by 
41 ft. 10 in. by 26 ft. 1 in. to upper deck; deadweight 
capacity, 2,525 tons on a draught of 17 ft. 8 in. Triple- 
expansion engines of reheat design constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Sunderland. Trial trip, September 27. 

S.S. “ ORIs.”—Single-screw passenger and cargo vessel, 
built by Messrs. John Crown and Sons, Limited, Sunder- 
land, for the A/S Ora, Arendal, Norway. Main dimen- 
sions: 246 ft. 6 in. (between perpendiculars) by 
41 ft. 10 in. by 26 ft. 1 in. to upper deck ; deadweight 
capacity, 2,525 tons on a draught of 17 ft. 8 in. Triple- 
expansion engines of reheat design constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Sunderland. Launch, October 4. 

8.S. “Star VII.”—Single-screw whale catcher, with 
specially strengthened hull for work in ice, built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, for the Hvalfanger A/S “‘ Rosshavet,” Sande- 
fjord, Norway. Main dimensions: 165 ft. by 29 ft. 6 in. 
by 18 ft.; gross tonnage, 588. Four-cycle four-crank 
double-compound Fredriksstad engine, with two oil- 
burning Foster Wheeler watertube boilers. Launch, 
October 4. 

8.S. “Sr. LEANDER.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Messrs. Thomas Hamling and Company, 
Limited, Hull. Main dimensions: 182 ft. by 30 ft. 6 in. 
by 16 ft.; gross tonnage, about 700; fish capacity, 
15,340 cub. ft. Triple-expansion engines and one oil- 
fired multitubular boiler, supplied and installed by 
Messrs. Chas. D. Holmes and Company, Limited, Hull. 
Launch, October 5. 

S.S. “‘ GoLFiro.”—Twin-screw banana-carrying vessel, 
with accommodation for a number of first-class passen- 
gers, built and engined by Messrs. Alexander Stephen 
and Sons, Limited, Glasgow, S.W.1, for the New York/ 
Caribbean Ports service of Messrs. Elders and Fyffes, 
Limited, London, W.1. Main dimensions: 415 ft. by 
62 ft. by 35 ft. Two sets of double-reduction geared 
turbines developing together over 10,000 s.h.p., with 
three Babcock and Wilcox watertube boilers, giving a 
service speed of 174 knots. Launch, October 6. 

M.S. “‘ Sussex.” —Twin-screw refrigerated and general 
cargo liner, built by Messrs. John Brown and Company, 
Limited, Clydebank, for the Federal Steam Navigation 
Company, Limited, London, E.C.3. Main dimensions: 
561 ft. by 70 ft. by 47 ft. 6 in. to upper deck; load 
draught, about 32 ft. 7 in.; gross tonnage, approxi- 
mately 11,300. Two five-cylinder opposed-piston Brown- 
Doxford Diesel engines. Launch, October 7. 

8.S. “CLAN MacTaGGarT.”—Twin-screw cargo liner, 
built by the Greenock Dockyard Company, Limited, 
Greenock, for Messrs. Clan Line Steamers, Limited, 
London, E.C.3. Main dimensions: 470 ft. (between 
Perpendiculars) by 65 ft. 6 in. by 40 ft. 9 in. to upper 
deck; deadweight capacity, about 10,550 tons on a 
draught of 28 ft. 3 in. Two reaction turbines, with 
double-reduction gears, developing 9,400 s.h.p. in service, 
constructed by Messrs. Parsons Marine Steam Turbine 
Company, Limited, Wallsend-on-Tyne; and two Bab- 
cock and Wilcox water-tube boilers. Machinery installed 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock. Launch, October 8. 

M.S. “ ADAMS BECK.”—Single-screw collier built by 
The Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for The Gas Light and Coke Company, 
London, W.8. Main dimensions: 260 ft. (between 
perpendiculars) by 39 ft. 6 in. by 18 ft. 6 in.; dead- 
weight capacity, about 2,700 tons. Eight-cylinder 
marine Diesel engine, of 1,180 b.h.p., constructed by 
Messrs. British Polar Engines, Limited, Glasgow. 
Launch, October 14. 

8.S. “ OrTo BancK.”’—Single-screw cargo vessel, built 
by Messrs. Short Brothers, Limited, Sunderland, for the 
Erik Bancks Rederi A/B, Helsingborg, Sweden. Main 


dimensions: 310 ft. (between perpendiculars) by 47 ft. 
by 27 ft. 11 in. to shelter deck ; deadweight capacity, 
about 3,400 tons on a draught of 19 ft. Triple-expansion 
engines of reheat design installed by Messrs. George 
Clark (1938), Limited, Sunderland, with two multi- 
tubular oil-burning boilers. Service speed, 12 knots. 
Trial trip, October 14. 








BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of the paragraphs. 


Cast-Iron Pipes for Hydraulic Power.—The Institu- 
tion have recently published a revision of B.S. No. 44, 
which concerns cast-iron pipes for hydraulic power. 
In reviewing the specification, the opportunity has 
been taken to refer to the new grade of cast iron 
covered in B.S. No. 1452. This, as stated on page 250, 
ante, constitutes a combination and revision of B.S. 
No. 321-1938, relating to grey iron castings and B.S. 
No. 786-1938, concerning high-duty iron castings. The 
revision of B.S. No. 44 refers to straight pipes, bends, 
“T's” and special castings of two classes, the one for 
working pressures not exceeding 900 Ib. per square 
inch and the other for pressures of from 900 Ib. to 
1,200 Ib. per square inch. The publication covers 
quality of material, mode of casting, freedom from 
defects, permissible variation in weight, machining, 
marking, coating, testing and inspection. Tables of 
dimensions and weights of various types of pipes and 
castings:in each of the two classes are included. [Price 
38., postage included.] 

Alloy-Steel Castings.—Two new specifications relating 
to alloy-steel castings for structural and general engi- 
neering purposes, B.S. Nos. 1458 and 1459, have been 
published under one cever. B.S. No. 1458 covers 
45/55-tons (per square inch ultimate-tensile strength) 
castings and B.S. No. 1459 55/65-ton castings. For 
each specification test values for the tensile, impact 
and hardness test are stipulated. The chemical com- 
position. is not specified, except for the sulphur and 
phosphorus contents. Recommended procedure for 
annealing, hardening and tempering are given in an 
appendix and provision is made for non-destructive 
and hardness tests, after heat treatment, where re- 
quired. Data on processes of manufacture, the fettling 
and dressing of castings, freedom from defects, the 
provision and testing of samples, and the repair of 
castings are included. Recommendations on welding 
—- are given in an appendix. [Price 2s., post 
ree.} 





BOOKS RECEIVED. 


The Story of Iron. By J. B. FORTUNE and Pav B. MANN. 
Puffin Picture Book No. 79. Penguin Books, West 
Drayton, Middlesex. [Price 1s. 6d. net.] 

Molybdenum. Steels, Irons, Alloys. By R. S. ARCHER, 
J. Z. Briees and C. M. Logs, Junr. Climax Molyb- 
denum Company of Europe Limited, 2 and 3, Crosby- 
square, London, E.C.3. {Free to approved applicants. } 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 11. The Effect of the 
Soil Foundation on the Road Surface. An Outline of 
Existing Knowled; By D. J. Mactean. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
ls. 3d. net.) 

Technical Literature. Its Preparation and Presentation. 
By G. E. Wrttiams. George Allen and Unwin, 
Limited, Ruskin House, 40, Museum-street, London, 
W.C.1. [Price 7s. 6d. net.] 

Soil Mechanics in Engineering Practice. By PROFESSORS 
KARL TERZAGHI and RaLpH B. PEcK. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 5-50 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 33s. net.] 

Introduction to Ch l Thermody ics. By PROFESSOR 
LUKE E. STEINER. Second edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 6 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 36s.] 

Electric Resistance Strain Gauges. By W. B. DoBIz and 
P. C. G. Isaac. The English Universities Press, 
Limited, St. Paul’s House, Warwick-square, London, 
E.C.4. [Price 15s. net.] 

Steam Turbine Theory and Practice, A Textbook for 
Engineering Students. By PROFESSOR WILLIAM J. 








KeartTon. Fifth edition. Sir Isaac Pitman and 
Sons, Limited, Kingsway, London, W.C.2. [Price 
22s. 6d. net.) 

Ministry of Transport. Railway Accidents. on 


the Collision Which Occurred on the 17th April, 1948, 
at Winsford in the London Midland Region (British 
Railways). H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

The Ohio State University. Engineering Experiment 
Station. Bulletin No. 133. Some Studies of Ohio Coals, 
Shales and Oils. By PRoressor T. H. KERR. The 
Director, Engineering Experiment Station, The Ohio 
State University, Columbus 10, Ohio, U.S.A. [Price 
1 dol.) 


PERSONAL. 


BRIGADIER I. C. A. ROBERTSON has joined the research 
department of the Fairey Aviation Company Limited, 
Hayes, Middlesex, after 26 years’ service in the Army. 


Mr. 8S. E. TAYyiLor, D.S.C., M.A. (Cantab.), President 
of the Institution of Mining and Metallurgy, Salisbury 
House, Finsbury-cireus, London, E.C.2, has been elected 
an honorary member of the Canadian Institute of 
Mining and Metallurgy, which this year celebrated the 
fiftieth anniversary of its foundation. 

Mr. M. I. Barstow relinquished his position of trans- 
mission engineer, British Electricity Authority, Eastern 
Division, on September 30. He has been succeeded by 
Mr. A. W. SWEETINBURGH, who was previously senior 
assistant transmission engineer axd who has worked in 
close assoeiation with Mr. Barstow. 

Mr. H. A. COCHRAN, B.Sc. (Min. )(Glas.), M.Inst.M.M., 
F.G.S., has been seconded from his appointment as 
H.M. Chief Inspector of Mines, Nigeria, to the position 
of Divisional Manager of the Minerals Division of the 
Colonial Development Corporation, London. 

Mr. J. E. KEEL has been promoted Under Secretary in 
charge of the new safety and general department of the 
Ministry of Civil Aviation, Ariel House, Strand, London, 
W.C.2. Mr. C. W. Evans has been promoted Under- 
Secretary in charge of the finance department of the 
Ministry. 

Mr. L. B. HutcHInson, C.B., has been appointed 
Deputy Secretary in the Ministry of Supply. He will 
succeed Stk GEORGE TURNER, K.B.E., C.B., when the 
latter takes up his appointment as Permanent Under- 
Secretary of State for War. 

Mr. E. S. WADDINGTON, of the Industrial Department 
of Messrs. Philips Electrical, Limited, Century House, 
Shaftesbury-avenue, London, W.C.2, has been re- 
elected vice-chairman of the Finance Committee of the 
Institute of Welding. He has also been elected vice- 
chairman of the Resistance-Welding Machine Section of 
the British Electrical and Allied Manufacturers’ Associa- 
tion. 

Mr. H. A. PrRicE-Huaues, A.M I.E.E., manager of the 
publicity department of the British Thomson-Houston 
Company Limited, Rugby, retires at the end of this 
month after 44 years’ service with thy company. He is 
to be succeeded as from November 1 by Mr. C. H. Cuap- 
LAIN, who has been deputy manager of the department 
since April 22, 1947. 

Mr. D. E. Davis, A.M.I.Mech.E., has been appointed 
development engineer to Messrs. J. and H. McLaren, 
Limited, Leeds. 

Mr. D. G. W. AcworTH, M.A., M.I.E.E., has been 
appointed manager of the export department of the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, in succession to Mr. H. W. 
ADAMS, who retired recently. 

Mr. T. H. Y. Bonsey, D.F.H., A.M.1.E.E., and MR. 
Cc. H. E. Rippats, B.Sc., A.M.1.E.E., A.M.1I.Mech.E., 
of the British Aluminium Company, Limited, have 
joined the Aluminium Wire and Cable Company, Limited, 
of Swansea and London, the former as sales manager 
and the latter as deputy sales manager. 

Mr. H.J.THom, C.1.E.,M.C.,M.A., has been appointed 
Ministry of Transport Licensing Authority for Public 
Service and Goods Vehicles in the South Wales Trafiic 
Area, as from November 15, in succession to Mr. H. 
TREVOR MorGAN, K.C., M.C., J.P. MR. F. WILLIAMSON, 
O.B.E., M.Inst.T., has been appointed to the corre- 
sponding position in the North-Western Traffic Area, 
as from November 1, in succession to Mr. W. A. MACVE, 
M.Inst.T. 

Dr. J. R. Kmxian, Jr., who has been vice-president 
of the Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A., since 1945, has been 
appointed the tenth President of the Institute, in 
succession to Dr. K. T. CompTon, who has been elected 
chairman of the Corporation of the Institute, and also 
chairman of the Research and Development Board of the 
National Military Establishment, Washington. 


The telephone number of AUTOMOTIVE PkKODUCTS CoM- 
PANY, LiurrEp, Tachbrook-road, Leamington Spa, 
LOCKHEED HYDRAULIC BRAKE CoMPANY, LIMITED, and 
Messrs. BORG AND BECK COMPANY, LIMITED, has been 
changed to Leamington Spa 2700. 


THE BOARD OF TRADE announce that, from October 25, 
the address of the DIRECTORATE OF MICA AND CorK will 
be: 7th Floor, Horseferry House, Thorney-street, London, 
$.W.1. (Telephone: VICtoria 6800); also that the 
telegraphic address of the ExPorT LICENSING BRANCH 
of the Board, Regis House, 43-46, King William-street, 
E.C.4, has been changed to Explic Stock London. 


The Information Section of the DEPARTMENT OF 
SCIENTIFIG AND INDUSTRIAL RESEARCH has been moved 
to Rex House, Lower Regent-street, London, S8.W.1. 
(Telephone: WHItehall 9788.) For the time being, the 
remainder of the headquarters of the Department will 





continue to be at 24, Rutland-gate, London, S.W.7. 
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FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—A very satisfactory rate of production 
is being maintained at the various steelworks. During 
August outputs were at a rate equivalent to 2,350,000 
tons per annum, only some 5,000 tons short of the record 
of last June, and performances during September, and 
October to date, have been upheld at about the same 
level. Last month Colvilles Limited exceeded their 
previous best figures. Such outputs reflect considerable 
credit on local scrap merchants. Scottish steel produc- 
tion in 1938 was one third less than it is to-day, yet sub- 
stantial scrap imports were essential in that period ; 
with overseas scrap supplies restricted at present, the 
tonnage of home-collected scrap required to sustain steel 
production is very considerable. Small reserves have 
been accumulated, but further consolidation is necessary. 
With this in view added impetus has been given to the 
campaign for rounding up industrial and agricultural 
scrap. Following their concentration on export orders 
during the last fortnight of the third quarter, makers 
are now giving more attention to home commitments. 
Shipbuilders have been pressing strongly for supplies, 
and other consumers in industrial zones are requiring 
replenishment of their stocks. MRe-rollers are fairly well 
supplied with billets, while slabs and sheet bars are 
moderately plentiful, although stocks of raw materials 
for sheetmaking are diminishing. Re-rollers of bars and 
sections are utilising considerable tonnages of old railway 
axles and similar material to eke out their billet supplies. 


Scottish Coal.—Deep-mine production for the period 
January 4 to October 9 was just over 18,000,000 tons, 
leaving about 7,000,000 tons to be worked by the end of 
December to reach the target of 25,000,000 tons for the 
year. This will require a weekly output of about 600,000 
tons, compared with an average of about 470,000 tons 
to date, but it is now recognised that there will be a 
deficit, already estimated at about 1,000,000 tons. Full- 
scale production was resumed at the pits last week after 
four weeks of low outputs through holidays, and some 
progress has therefore been possible in overtaking arrears 
of supplies to consumers. Graded fuel is in short supply 
despite the i d tonnages being treated, and pearls 
and singles are notably scarce. Round coal is moderately 
plentiful, and hohse coal merchants are comfortably 
supplied. The coke-oven position is slow to recover; 
stocks are meagre, but current deliveries are adequate 
for day-to-day requirements. Export business is active 
within the limits of allocation tonnages. The coal 
dispatched overseas from Scottish ports during September 
is given below, with the totals for the nine months from 
January to September in parentheses :—LEire, 47,635 


NO 





(258,804); Sweden, 11,952 (234,466); Finland, 25,574 
(147,563); Denmark, 23,703 (134,497); France, nil 
(65,980); Holland, 6,531 (40,255); Portugal, 2,826 


(27,345); Spain, nil (16,450); N. and W. Africa, 3,072 
(12,696); Germany, 6,055 (11,775) ; Norway, nil (1,028) ; 
Iceland, nil (732); Belgium, 390 (390); and Canada, 
nil (304). Bunker exports (including Admiralty and 
trawlers) in August amounted to 79,470 tons, raising the 
total for the period January-August to 621,292 tons. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Although the output from the 
Suxth Wales mines continues to expand steadily, a big 
improvement could be obtained if there were a better 
response on the part of the miners to the decision to 
work the voluntary Saturday shifts. A coalfield con- 
ference pledged the men to work at least two such shifts 
amonth. A meeting of the South Wales Miners’ Execu- 
tive Council, last week, expressed concern at the poor 
results obtained from the Saturday working and decided 
to make a fresh approach to the men. Meetings of 
lodges not working the Saturday shifts are to be held 
forthwith. There was a good home demand on the 
steam-coal market, last week, and supplies were again 
difficult to secure for early delivery. All the large 
descriptions and the washed sized and small classes were 
very well provided with forward bookings, but some of 
the inferior dry steam smalls could be secured without 
much difficulty for early delivery. Trade with Portugal 
and the Argentine was briskly maintained, while there 
were limited shipments to Italy. Spanish business, on 
the other hand, was still idle, owing to payment diffi- 
culties. Bunkers were in sustained request Cokes 
and patent fuel were eagerly sought for and were scarce 
and firm. 
, Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the strong demand for tin-plates was 
fully maintained. Sales were on a satisfactory scale, 
with the result that makers are rapidly filling up their 
order books for the last quarter of the year. The export 
market has shared in the increased activity and a fair 
volume of orders has been secured. Steel sheets con- 
tinue in exceptionally strong demand, while there is no 
Telaxation in the call for iron and steel scrap. 





' NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The supply of blast-furnace coke is 
sufficient to meet the current requirements of furnaces 
which are maintaining their outputs. Hematite irons 
are in strong request and finished iron is in good demand. 
More iron and steel scrap has become available as a 
result of the national collection scheme, and the output 
of steel is steadily improving, some record tonnages 
haying been produced. Production will have to be 
stepped up considerably, however, before requirements 
of stainless steel and all high-carbon steels are met. 
The need is for greater supplies of sheets and bars, but 
steps have been taken which, it is believed, will relieve 
the scarcity in the course of a few months. Engineering 
establishments which specialise in the production of iron 
and steelworks plant and machinery are very heavily 
booked. A departure in Sheffield engineering practice is 
the specialised production, in a leading works, of huge 
excavating machines; very large orders have been 
secured and about 50 per cent. of the output is destined 
for export. The order books of firms turning out engi- 
neers’ smalk tools and all types of edge tools are very 
full, but an easing of the demand is apparent in the 
cutlery industry, which has lost some considerable export 
business owing to import restrictions. 


South Yorkshire Coal Trade.—Steady improvement in 
coal production is taking place. The requirements of 
the railways in locomotive hards are being satisfied, 
and satisfactory deliveries of industrial steams have 
been made. Fuller calls for large coal for export are 
being dealt with, and activity at the Humber Docks is 
reported on export and coastwise trade. Gas coal is 
eagerly sought and gas coke is fairly plentiful. Hard 
coke is in strong request. House coal moves freely, 
with the exception of unscreened coal and opencast 
slack, which are offered without restriction. Patent fuel 
is strong and active. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The enormous aggregate tonnage 
output of iron and steel firms is considerably below the 
requirements of customers and while conditions favour 
endeavours to enlarge production still further, there is 
little hope of an increase in make such as will satisfy 
completely the large demand. Production of pig iron in 
the Middlesbrough district is larger than that in any other 
ironmaking area. Output of Tees-side blast-furnaces is 
approximately 45,000 tons a week, nearly 80 per cent. of 
which is absorbed by the requirements of local steel- 
works. The fuel deliveries are fairly good and improving, 
and the yield of the Cleveland ironstone mines is expand- 
ing. The present falling off in imports of high-grade 
foreign ore was not unexpected, but quantities coming 
forward are still substantial and promise to be main- 
tained for a while notwithstanding the expanding needs 
of Continental consuming plants. Iron ané steel scrap 
cannot yet be obtained in as large quantities as users 
require, but the welcome arrival of heavy cargoes of 
overseas battlefield material is changing the situation. 

Foundry and Basic Iron.—Complaints of the inadequate 
supply of foundry pig-iron continue, and the intermittent 
make of Tees-side furnaces contributes little to the urgent 
needs of consumers. The bulk of the tonnage drawn from 
Midland and other producing centres is at times delayed 
in transit as long railway haulages areinvolved. Irregular 
deliveries compel foundrymen to make as much use as 
possible of cast-iron scrap supplies. While the quantities 
of this material are still inconveniently short, they are 
improving. The basic-iron output is only just sufficient 
for the requirements of the makers’ own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—North- 
East Coast hematite firms maintain their outputs on a 
scale which deals satisfactorily with actual current 
requirements, but provides little or no tonnage for the 
much-needed rebuilding of stocks. Firms turning out 
low- and medium-phosphorus grades of iron are able to 
meet the steady demand for their products and refined 
iron manufacturers are dealing adequately with the 
requirements of their customers. 


Manufactured Iron and Steel.—The various types of 
semi-finished and finished iron are in good request and 
orders in hand keep manufacturers busily occupied. The 
demand for steel, however, is much greater than pro- 
ducers can meet. Steel semies are still wanted in larger 
quantities than are obtainable. Parcels of Continental 
commodities continue to improve slightly in quantity, 
but home producers are still unable to increase deliveries. 
The commitments of manufacturers of finished steel are 
embarrassingly heavy. There is no abatement in the 
intense pressure for the release of greater tonnage for 
shipment overseas, notwithstanding the rising trend of 
production on the Continent. Essential heme require- 
ments, however, call for deliveries on a scale that leaves 





little hope for much expansion in export allocations. 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
October 25, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ A Western European Power Network ? ”’ 
opened by the President. North-Eastern Centre: Monday, 
October 25, 6.15 p.m., Neville Halil, Newcastle-upon- 
Tyne. ‘‘ Load Dispatching, with Special Reference to 
the British Grid,’”’ by Mr. A. R. Cooper. Measurements 
Section: Tuesday, October 26, 5.30 p.m., Victoria- 
embankment, W.C.2. Discussion on ‘‘ Measurement of 
Phase Angle of Electric Circuits,” opened by Mr. Arvon 
Glynne. Southern Centre: Wednesday, October 27, 
6.30 p.m., 17, New Canal, Salisbury. ‘‘ The Application 
of Electricity to Horticulture,” by Messrs. C. A. Cameron 
Brown and E. W. Golding. 

INSTITUTE OF BRITISH FOUNDRYMEN.—East Midlands 
Branch: Monday, October 25, 6 p.m., School of Arts, 
Green-lane, Derby. Discussion on ‘The Lost Wax 
Process.”” London Branch: Wednesday, October 27, 
7 p.m., Waldorf Hotel; Aldwych, W.C.2. Film: ‘‘ Cast- 
ings for Internal-Combustion Engines.” Bristol Branch : 
Saturday, October 30, 3 p.m., Grand Hotel, Bristol. 
** Pattern Making,”’ by Mr. S. A. Horton. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Monday, October 25, 7 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Modern Coal-Face Machin- 
ery,” by Mr. J. W. L. Anderson. Southern Branch: 
Thursday, October 28, 6.30 p.m., Technical College, 
Brighton. ‘‘ Textile Machinery,” by Mr. F. C. Crawshaw. 
Institution: Friday, October 29, 6 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Joint Meeting with the InstTI!- 
TUTION OF ELECTRICAL ENGINEERS. ‘“‘ Some Operating 
Experiences with High-Pressure Steam Power Plant,” 
by Mr. W. N.C. Clinch. East Midlands Branch: Friday, 
October 29, 7 p.m., School of Arts, Green-lane, Derby. 
“ Export Vehicle Design,” by Mr. H. W. Fulton. AvurTo- 
MOBILE Division. Birmingham Centre: Tuesday, Octo- 
ber 26, 6.30 p.m., James Watt Institute, Birmingham. 
“‘ Basic Problems in the Engineering of an All-Metal 
Motor Body,” by Mr. E. S. White. Western Centre: 
Thursday, October 28, 6.45 p.m., Royal Hotel, Bristol. 
Chairman’s Address, by Mr. W. L. Morgan. 

INCORPORATED PLANT ENGINEERS.—Leeds Branch : 
Monday, October 25, 7.30 p.m., Royal Station Hotel, 
York. Open discussion. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday» 
October 26, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“‘ Construction of Models in 
Which More than One Process is Similar to the Original,” 
by Mr. M. W. Thring. 

INSTITUTE OF REFRIGERATION.—Tuesday, October 26, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. “ Refrigerating Engin- 
eering Research Problems,” by Professor W. R. Woolrich. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Octo- 
ber 26, 5.30 p.m., Great George-street, S.W.1. ‘‘ Main- 
tenance Operations, 1946-1947, on the Box Gates at 
Dover Train-Ferry Dock,” by Mr. J. H. Jellett. New- 
castle Association: Tuesday, October 26, 6.15 p.m., 
North of England Institute of Mining and Mechanical 
Engineers, Westgate-road, Newcastle-upon-Tyne. Chair- 
man’s Address on “ Saguenay River, Quebec,” by Mr. 
A. L. Harvey. Yorkshire Association: Friday, Octo- 
ber 29, 7 p.m., Great Northern Hotel, Leeds. Informal 
Meeting to discuss The Engineers’ Guild. 

INSTITUTE OF WELDING.—Wednesday, October 27 , 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. Presidential Address, by Dr. J. H. 
Paterson. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 28, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“ Limitations of Soil Mechanics as Applied to Founda- 
tions,” by Mr. G. B. R. Pimm. 

InsTITUTE GF TRANSPORT.— North-Western Section: 
Thursday, October 28, 6.15 p.m., Chamber of Commerce, 
Liverpool. “ Air Transport,” by Mr. F. N. Hillier. 

NortTuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 29, 6.15 p.m., Literary 
and Philosophical Society’s premises, Newcastle-upon- 
Tyne. Andrew Laing Lecture on “‘ Thermodynamics in 
the Making,” by Mr. S. S. Cook, F.R.S. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Octo- 
ber 29, 6.30 p.m., 39, Victoria-street, S.W.1. Films: 
“‘ Precise Measurement for Engineers ”’ and “ Electrical 
Generation.” 








NEw ROoF aT WATERLOO STATION.—A new roof, 
135 ft. long and 40 ft. wide, is being erected at Waterloo 
Station to cover the entire roadway and pavement 
leading from the station towards York- » 80 that 
ocean-liner passengers arriving at the station from 
Southampton will be under cover from the time they 





leave the trains until they enter their taxis or cars. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 
Manager. 


Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 

places abroad, with the exception 

SII « tis3s ecncseorecivs cievenstonane 410 0 
IID. cenccdesn tt Screens 4 5 0 

Subscribers receiving incomplete copies through 

mts are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper va. on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of ‘Appointments Open,” ‘Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under ‘Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current weck’s issue must be received not later 
than first post Wednesday. 


“Copy”’ instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 


for advertisers’ blocks left in their possession for more 
than two years. 
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LIMITS AND FITS FOR 
LOCOMOTIVE WORK. 


TuE railway locomotive, if not always so clean 
and, beautiful as to rank, like Kipling’s liner, as a 
lady, is nevertheless traditionally of the feminine 
gender and exhibits in appearance and behaviour 
many of the attractive, if not always comprehensible, 
characteristics of her sex. Prominent among them, 
though in decreasing measure as nationalisation 
succeeds amalgamation, is an individuality, derived 
from methods of manufacture, more subtle, because 
less obvious, but no less real, than the pleasing 
variations on a major theme whereby the creative 
and usually artistic urge of a long succession of 
designers found self-expression. Too often, how- 
ever, the variety which has been a source of delight- 
ful interest to the locomotive amateur has proved a 
source of exasperating trouble to professional 
railway engineers responsible for the maintenance 
of locomotives, who of late years, Colonel Rudgard 
has recently emphasised,* have been increasingly 
concerned to improve the availability of stocks 
numerically diminished by the over-riding demands 
of a great war. 

While, therefore, the locomotive has not in the 
past been the object of any comprehensive efforts at 
standardisation, the trend towards greater uni- 
formity of fewer types has lately become a matter 
of policy based on substantial economic grounds. 
The arguments and experience in support of the 
standardisation principle are too well known to need 
recapitulation, but it may be remarked that they 
apply to the details of structural parts with more 
force than to the complete machine, if only because 
the parts are much more numerous. Indeed, the 
number of locomotives built is never likely to be so 
great, nor technical development so near the limit 
of perfection, as to make overmuch concentration 
on standard locomotive types either probable or free 
from risk of unenterprising lack of progress. 

Although, in theory, such risk is inherent in most 


forms of standardisation, and demands constant 
watchfulness and regular revision, it is outweighed 
in practice over a tremendous range of engineering 
components among which should be included many 
details common to the construction of railway loco- 
motives. Apart from the facilities afforded thereby 
during original manufacture, which henceforward 
may perhaps entail construction of separate sub- 


2\|assemblies at factories specially laid-out for the 


purpose, the advantages of having standard replace- 
ments available at motive power depots are already 
well established, both directly as cheapening main- 
tenance and minimising time out of service, as well 
as indirectly in ensuring that minor repairs can be 
carried out properly without the improvisation that 
may lead to serious damage and premature major 
repair. The importance of these facters, admittedly 
great where locomotives are built and used within 
the relatively small area of this country, is much 
enhanced by the circumstances in which British- 
built machines are operated in many places abroad. 
It will hardly be disputed that any standardisation 
measures that add to the credit of exported loco- 
motives must have a correspondingly good effect 
upon the national finances. 

Some such underlying idea may perhaps be 
inferred from the foreword to a code of standard 
practice in respect of limits and fits for use in loco- 
motive work which was issued a few months ago by 
the Locomotive Manufacturers Association of Great 
Britain* for private circulation among locomotive 
builders and users. While emphasising that the 
private locomotive industry has always made a 
point, and still maintains the general policy, of meet- 
ing customers’ requirements and when necessary 
working to specifications proposed by them or their 
consulting engineers, the L.M.A. take the view that 
all interested in locomotive engineering realise that 
standardisation of workshop practice in regard to 
working clearances and manufacturing tolerances is 
of paramount importance both to the industry and 
to maintenance staffs. The standard practice now 
formulated follows the investigation of all available 
data by a special sub-committee of the Ascociation, 
and its adoption is confidently expected to secure a 
greater measure of interchangeability by enabling 
spare parts to be designed in detail, as well as manu- 
factured, in an identical manner at individual 
factories. 

The booklet comprises fourteen sheets of typically 
dimensioned drawings, tabulated values, and explan- 
atory notes, preponderatingly concerned with sizes 
and tolerances for steam locomotive details, but also 
including recommendations upon the forms and 
dimensions of rivets, rolled-steel sections, and 
structural bars and beading. The range of specific 
components dealt with éxtends, broadly, from the 
regulator valve to the wheels, taking in on the way 
the motion, axleboxes and spring gear. With so 
wide a field it has not proved practicable to illustrate 
all variants, and the sketches and tolerances shown 
are primarily intended for guidance. The designer 
is thus left with a fair amount of latitude, especially 
as regards tolerances for details not actually men- 
tioned in the beoklet but which, it is recommended, 
should be the same as those for a detail fulfilling a 
similar function. For example, the tolerances cited 
for the simple slide-valve regulator are said to give 
satisfactory clearances on regulators of other types, 
while for multiple-valve type regulator headers with 
operating gear outside the boiler, all holes and pins 
are to have the same tolerances as are stipulated, 
elsewhere, in the booklet, for Walschaerts motion 
details. Separate treatment is accorded to the 
components of inside and outside cylinders, steam 
chests and covers, clearance allowance of approxi- 
mately one thousandth being allowed for thermal 
expansion. The cylinder-cover spigot at the hinder 
end exemplifies certain concessions to alternative 
practices preferred by different designers. For the 
item in question some firms use a close fit without 
dowels, whereas others use a coarse fit and dowel 
the cover in position. Since both methods are 
likely to continue in use, the booklet gives appro- 
priate tolerances to cover both classes of fit. 

A further instance of precaution against thermal 





* Presidential address to the Institution of Locomotive 
Engineers on September 15, 1948. See pages 343 and 
383, ante. 





* Limits and Fits for Use in Locomotive Work. The 
Locomotive Manufacturers Association of Great Britain, 
82, Victoria-street, London, S.W.1. 
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expansion occurs in the tolerances quoted for the 
length of the slot in the valve rod of Stephenson’s 
link motion, where an addition is specified to allow 
for differential expansion if the buckle is of steel 
and the valve of brass. No such allowance is 
permitted for a cast-iron valve, nor for pistons and 
piston valves, although the tolerance permitted on 
the diameter of main piston heads is presented as a 
manufacturing tolerance superimposed on the 
nominal clearance which is recognised as varying to 
suit design requirements. Other dimensions in 
which thermal effects are considered include the 
vertical distances between double slide bars, but 
in the case of coupling rods on engines with inside 
fireboxes, between the wheels and frames, it is 
recommended that the appropriate expansion should 
be allowed on the frames and the rods be machined 
to standard sizes. For connecting rods, an alterna- 
tive, larger, set of tolerances is given for the 
internal diameters of the big- and little-end bushes, 
to be used only if the bushes are not re-bored after 
being pressed into the rods. 

Coupling rods and wheels provide some of the 
largest dimensions considered in this manual, and 
it is of interest to infer from the recommended 
tolerances that a very high degree of machining 
precision is attainable throughout the British 
locomotive building industry. In all sizes of 
coupling rods, for example, the distance between 
the centres of the crankpin eyes must be correct to 
+ 0-003 in. on a length of several feet. On wheel 
centres of the largest sizes, the tolerance is from 
zero to — 0-008 in., although nearly four times that 
amount—from zero to + 0-03 in.—is permitted on 
the finished diameter, over the tread, of the shrunk- 
on tyre, irrespective of the size of the wheel. The 
recommendations include values for tyre shrinking 
and crankpin pressing allowances in cast-iron as 
well as cast-steel wheels, account being taken of 
whether bush or roller bearings are to be used. Two 
noteworthy features of the recommendations on 
axleboxes and guides are that liners are to be 
machined to the stated tolerances after being fitted 
to the box, and that horn guides should be machined 
to nominal dimensions, fitting allowances being 
left on the horn clips. The large number of details 
for which tolerances are specified in connection with 
axlebox, brake and bearing spring assemblies is 
fully warranted by the susceptibility of these parts 
to wear and tear, demanding adjustment or minor 
repair in the course of service maintenance. 

The Association’s recommendations with regard 
to rivets, bars and sections, being concerned solely 
with shapes and sizes, may be regarded as supple- 
mentary to B.S. 24 Part 6; and, in respect of 
rivets, follow the later British Standards for rivet 
forms and dimensions, but express a decided 
preference for heads of the pan and ellipsoidal 
forms. In the case of driving and fitted bolts, no 
manufacturing tolerances are specified at all, for 
the reason that surface finish of hole and bolt plays 
such an important part in fixing the interference 
required that the Association has found it impractic- 
able to lay down any values suitable for universal 
use. A more serious departure from the recommen- 
dations of the British Standard (164) for Limits and 
Fits for Engineering, is the adoption by the Associa- 
tion of a system based partly on the “hole basis ” 
and partly on the ‘‘ shaft basis,” which is called a 
“‘locomotive basis” and intended exclusively for 
locomotive manufacture. How far this is a compli- 
cating factor, or a positively retrograde step, with 
respect to the eventual, universal standardisation of 
locomotive construction, is not easily judged since 
the practices of the main railway locomotive works 
are not published. It is worth remarking, however, 
that the majority of the data sheets comprising the 
Association’s booklet are headed ‘‘ Shaft basis, 
British system,” whereas the British Standards 
Institution Committee compiled B.S. 164 on the 
“hole basis” principle. But however troublesome 
it may prove to reconcile conflicting viewpoints and 
eventually combine uniformity with effectiveness, 
the locomotive manufacturers have at least achieved 
@ measure of agreement which will be of immediate 
benefit to their own members, and their carefully 
considered views must play a valuable part in 
directing the future course of standardisation 
throughout the whole lecomotive industry. 





ELECTRICITY SUPPLY IN 
SOUTH AFRICA. 


In this country, and in many others, the business 
of electricity supply is in process of transfer from 
private to public ownership. This year has seen 
an important step in this direction in South Africa, 
the undertakings of the Victoria Falls and Trans- 
vaal Power Company, which lay within the confines 
of the Union, having been purchased by the Elec- 
tricity Supply Commission. This latter body was 
set up in 1923, so that the present year marks the 
twenty-fifth anniversary of its formation. Its 
functions are “ the establishment, acquisition, main- 
tenance and working of undertakings for an efficient 
supply of electricity to Government departments, 
the South African Railways and Harbour Adminis- 
tration, local authorities, companies and other 
persons carrying on industrial undertakings or to 
any persons whatsoever in the Union.” This 
embracing charge clearly includes everybody, but 
actually the Commission’s activities do not cover 
even the whole of the more densely-populated parts 
of the country and the supply ina large part of 
Cape Town, for instance, is in the hands of the 
municipality, although the power stations of the 
Corporation and the Commission are run in parallel. 

The Act under which the Commission was set up 
requires it to operate on a commercial basis, but 
if any profit remains after payment of capital and 
other charges, it must be utilised in reducing 
tariffs. The twenty-fifth annual report, which 
covers operations during the year ended Decem- 
ber 31, 1947, records an excess of revenue over 
costs during that period of 8,7061. As the total 
assets of the Commission exceed 401. million and 
the annual revenue is more than 4. million, this 
trivial balance shows that skilled financial control 
is being exercised. The sum is relatively so small 
that the Commission may be said te be exactly 
paying its way. The net revenue for the year was 
4,573,1251., and production costs were 4,564,419. 
Both the figures were some 11-5 per cent. higher 
than those for the previous year. This overall 
balance was not attained without profit, or loss, on 
individual sections of the whole undertaking. The 
Cape Town system showed a credit balance of 
26,7341., and an accumulated surplus of 72,2861., 
but at Durban there was a deficit of 11,203/.; one 
of 8,301l.on the Natal Central Undertaking ; and 
one of 6,1501. at Witbank. 

The Commission operates in five different areas, 
which have no electrical interconnection one with 
another. From the point of view of sales of elec- 
tricity, the Transvaal area is by far the most 
important. This is served by the Klip, Witbank 
and Vaal power stations. The former of these is 
much the largest, and in the year under review 
generated about half of the total units sold by the 
Commission. The maximum one-hour demand was 
355,410 kW. This figure is a little smaller than 
that for 1946, owing to the transfer of some of the 
load to the Vaal station, which went into operation 
in 1945. Its maximum load, last year, was 
123,398 kW. These stations are the property of 
the Commission, but have been operated on their 
behalf by the Victoria Falls and Transvaal Power 
Company. The major part of the output is taken 
by the Rand mining industry. These remarks also 
apply to the Witbank station, which carried a 
maximum load of 106,157 kW. This station also 
furnishes supplies to the Pretoria Municipality. 
The combined output of these three stations to 
the Rand grid system was 4,103,504,561 units. The 
purchase of the undertaking of the Victoria Falls 
Company lying within the Union does not affect 
the status of these stations, which have been the 
property of the Commission since they were con- 
structed, the earliest being the Witbank, which 
dates from 1924. The purchase of the Victoria 
Falls Company’s undertaking has, however, put the 
Commission in possession of four further power 
stations, with an aggregate generating capacity of 
297,600 kW. 

The Commission, like so many other bodies, has 
to report disappointment in connection with the 
delivery of capital equipment. The most striking 
example of delay is probably furnished by a 





33,000-kW Ljungstrom generating set for the Vaal 
station, which was put into operation in March, 
1947. This is the third of three similar machines 
ordered in Sweden as long ago as 1939. It is under- 
stood that these units were completed by the manu- 
facturers in 1944, delays in delivery being due to 
shipping difficulties. Four additional 33,000-kW 
sets are now on order for this station. There are 
many references throughout the annual reports to 
delays, fortunately mainly of a less serious nature 
than the Vaal set. For instance, a 1,000-kW Diesel 
set for Port Shepstone, a small station forming part 
of the Durban undertaking, ordered in England for 
delivery in 1946, had not been received at the end 
of 1947. Several cases of transmission-line exten- 
sions being delayed owing to the non-delivery of 
insulators, or other material, are mentioned. 

The five different mutually isolated areas in which 
the Commission operates consist of the Transvaal, 
referred to above, Cape Town, East London, Natal 
and Sabie. The latter contains the only hydro- 
electric station operated by the Commission. It is 
of small size and the whole of the output is taken by 
two gold mines. The division into five separate 
areas is geographical, not administrative, and the 
name Natal above includes the Durban undertaking, 
the Durban and Natal Central areas overlapping. 
Next to the Transvaal, the Durban undertaking is 
the largest with a station peak load of 105,100 kW, 
followed by Natal with one of 82,000 kW. The area 
referred to above as East London is officially known 
as the Border Undertaking. East London is situated 
in the south-east corner of the Cape of Good Hope 
and the Border Undertaking covers an area formed 
by a radius of 120 miles from this town. There was 
a municipal electric supply system in operation in 
East London and others in King William’s Town 
and Alice, which are included in the area. The 
municipal systems have been purchased by the 
Commission, the latter two being taken over on the 
first of January of this year. It is proposed to 
construct transmission lines to supply other towns 
lying within the area of the Border Undertaking. 

The purchase of these municipal supply systems 
has been carried through by negotiation as the 
Commission has no compulsory powers. Whether 
it will ultimately absorb the undertakings of the 
larger cities and become the sole supply authority, 
like the British Electricity Authority, it is not pos- 
sible to say, but it is certainly continually extending 
the range of its operations. In May, 1947, it was 
granted a licence for the Greater Rand Extension 
Undertaking. This covers an area of 16,000 square 
miles lying within the Transvaal, Orange Free State 
and Northern Cape Province and including the new 
goldfields around Odendaalsrus. An 88-kV trans- 
mission line to feed this area was constructed during 
the year. It is estimated that the new gold mines 
will develop a load of 100,000 kW by 1955 and 
accordingly it has been decided to build a 165,000- 
kW power station at Vierfontein, some fifty miles 
north of Odendaalsrus. The first installation is to 
consist of three 33,000-kW sets. Further evidence 
of the gradual adsorption of independent supply 
undertaking is furnished by the taking over of 
Kimberley Power Station from the De Beers Con- 
solidated Mines, Limited. This station was origin- 
ally built to provide power for the gold mines but 
has for many years also supplied the Kimberley 
Municipality ; it has a present capacity of 20,000 kW. 

The main power station work now in hand, or 
projected, in addition to the Vierfontein station, 
includes stations at Worcester, Cape Town and 
Pinetown. Worcester is situated some 60 miles 
from Cape Town and the main load on the station 
will be provided by railway electrification. The 
initial capacity is to be 60,000 kW and the plant is 
now on order. It is hoped that the station will be 
in operation in 1952. The new station at Cape 
Town will be situated alongside the Commissions 
present Salt River Station and will initially contain 
two 30,000-kW sets. Its purpose is to meet the 
growing load in the Cape Town area. The pro- 
jected station at Pinetown, which is some eight miles 
from Durban, is also for the purpose of dealing with 
increasing load, in this case, on the Natal Under- 
taking. Natal is at present served by the stations 
at Colenso and Congella, but the demand is con- 
sidered likely shortly to exceed their capacity. 
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NOTES. 


Re-DEVELOPMENT OF THE SouTH BANK OF THE 
THAMES. 


On Tuesday, October 19, the London County 
Council approved plans and estimates, submitted 
by the General Purposes Committee, for the imme- 
diate re-development of the south bank of the 
River Thames at a cost of about 2,000,000/. This 
scheme forms part of a larger undertaking in the 
same area, Of which we gave details on page 258 
of our 163rd volume, providing for an embankment 
from Westminster Bridge to London Bridge, and 
ineluding the erection of Government buildings, a 
cultural centre and a national theatre. At that 
time, the necessary work for this purpose was not 
regarded as being of extreme urgency. It is now, 
however, to be put in hand “‘ with dramatic sudden- 
ness,” 80 a8 to provide a site covering 27 acres for 
holding a “‘ Festival of Britain’’ in 1951, For this 
purpose, steps are now being taken to clear the 
whole of the area between the County Hall, Waterloo 
Bridge, the river and York-road, with the exception 
of the old Shot Tower, to improve Belvedere-road ; 
and to build a concert hall on a site immediately 
to the north-east of Hungerford Bridge. It is 
planned to complete the whole of this work by 
June, 1951. A necessary part of the scheme will 
be a river wall, constructed of mass concrete faced 
with granite, which is to be built from the end of the 
existing wall in front of the County Hall to a point 
downstream of Waterloo Bridge. This wall, which 
is to be 1,700 ft. long, will encroach into the river 
for an average distance of 110 ft., the space between 
it and the existing wharves being filled in, so that 
it will be possible to reclaim about 4} acres from the 
river. This space will ultimately be laid out as 
public gardens. It is planned to begin the con- 
struction of this wall early next year, and to com- 
plete it by the end of 1950. The new concert hall, 
which, for the time being, will be the only permanent 
building on the site, will, it is hoped, be ready in 
time to be used during the Festival of Britain. 
Sites, covering 12 acres, have also been ledsed for 
the erection of Government buildings. Some de- 
tails of the proposed Festival were made public at 
a Press conference on Thursday, October 14, when it 
was announced that the exhibition was not intended 
to be a trade fair. ‘Its object, in fact, would be 
to present a coherent and imaginative picture of 
British achievement and of its contributions to the 
thought and action of the world.” The industrial 
exhibits will, therefore, be chosen so as to illustrate 
this theme ; and the same end will be kept in view 
in selecting examples of scientific and architectural 
development. It was also announced that, in 
addition to the central exhibition, a special archi- 
tectural exhibition, consisting of full-sized buildings, 
will be staged in one of the re-development areas 
scheduled in the County of London plan, and that, 
at the close of the exhibition, these buildings will be 
handed over for permanent occupation. In order to 
widen the official programme, travelling exhibitions, 
Which will visit certain large provincial towns, are 
being arranged, and it is also intended to organise 
subsidiary Festivals in both Wales and Scotland. 
In addition, it is hoped that such annual events as 
the meeting of the British Association, the Royal 
Agricultural Show and the British Industries Fair 


will be able to contribute to the Festival, and that’ 


it will be possible to organise special vacation 
courses at the universities in subjects relevant to 
the Festival theme. 


MEMORIAL TO RicHARD TREVITHICK. 


On Saturday, October 16, a memorial stone was 
unveiled at Pool, Cornwall, to mark the birthplace 
of Richard Trevithick, the inventor of the high- 
Pressure steam engine. The unveiling ceremony, 
Which was performed by Captain R. E. Trevithick, 
MILC.E., a great-grandson of Richard Trevithick, 
marked the conclusion of a scheme of commemora- 
tion which was undertaken in 1933, the centenary 
year of the inventor’s death, and in which the 
Cornish Institute of Engineers and the Newcomen 
Society have played the principal parts. Although 

vy rain fell throughout the proceedings, a large 
and representative gathering of Cornish and other 


engineers, many of whom had travelled long dis- 
tances to be present, assembled to do honour to the 
man and the occasion. Mr. W. H. Eplett, President 
of the Cornish Institute of Engineers, in an opening 
address, introduced Captain R. E. Trevithick, who 
briefly expressed his gratification at the efforts made 
to commemorate fittingly his famous ancestor. He 
then unveiled the memorial, a description and illus- 
tration of which are given elsewhere in this issue. 
Mr. Eplett then called on Dr. H. W. Dickinson, 
M.I.Mech.E., joint honorary secretary of the 
Newcomen Society and co-author with Mr. Arthur 
Titley of the centenary biography, Richard Trevithick 
—The Engineer and the Man, to read a eulogy of 
Trevithick ; but the severity of the weather made 
it necessary for Dr. Dickinson to present only an 
epitome of his intended address, which is reprinted, 
with some slight abridgments, on page 403. Mr. 
Eplett then formally handed over the memorial, on 
behalf of the Cornish Institute of Engineers and the 
Newcomen Society, to Mr. T. J. Pascoe, J.P., chair- 
man of the Camborne-Redruth Urban District 
Council, who suitably acknowledged the gift. Votes 
of thanks to those responsible for the design and 
erection of the memorial, and for the arrangements 
of the ceremony, having been passed by acclamation, 
the party proceeded to the neighbouring South 
Crofty mine, where the 80-in. Cornish engine at 
Robinson’s shaft was seen at work. This engine, 
designed by Samual Grose, a pupil of Richard 
Trevithick, was erected originally in 1854 at the 
Alfred Consols mine, near Hayle. Subsequently it 
was Femoved to Crenver and Wheal Abraham, and 
then to Tregurtha Downs, before being transferred 
to its present position. From South Crofty the 
party adjourned to the canteen of Messrs. Holman 
Brothers, Limited, at Camborne, where tea was 
served ; and, following the tea, a number of films 
of Cornish engines were displayed by the Shell Film 
Unit, whose consultant producer, Mr. Arthur Elton, 
B.A.—who had been introduced to the meeting by 
its chairman, Mr. A. Treve Holman, O.B.E.— 
aroused much applause by his announcement that 
the films shown would be presented by the Shell 
Film Unit to the Cornish Institute of Engineers, for 
retention in the county where the Cornish engine 
was invented and developed. Some of the films, 
having sound-tracks, were largely self-explanatory ; 
but several were ‘‘silent”’ and these afforded to 
Mr. J. Trounson, a past-president of the Cornish 
Institute and an expert student of the Cornish engine 
in all its various forms, to indicate some of the 
technical details as the films proceeded. Altogether, 
the occasion was one of great engineering interest ; 
and, though the weather was deplorable, those 
present could reflect (as one of them did, aloud) 
that Trevithick himself must have known many 
such inclement days, which probably played their 
part in moulding his distinctly tempestuous 
character. 


RoyaL AERONAUTICAL SOCIETY. 


At their meeting on September 30, the Council of 
the Royal Aeronautical Society passed two resolu- 
tions to the effect that immediate action be taken 
to establish Divisions of the Society in Australia 
and in New Zealand and that these become opera- 
tive from January 1, 1949. Under these resolu- 
tions, the new Divisions will have power to form 
branches of the Royal Aeronautical Society in 
their own countries, similar to those established 
by the Society in Great Britain. All members of 
each Division will be full registered members of the 
Society, and the Division will have the power to 
act in most respects exactly as the parent body 
does in London. It is emphasised, however, that 
all technical members, namely, Associate Fellows, 
will be elected by the Society in London, so that a 
consistent standard is set throughout the world. 
Apart from this, the Divisions will follow their own 
activities in the ways best suited to their countries 
and local conditions, and they will not be tied down 
in any way by rules or regulations which apply to 
Great Britain or the other Division.. It is fore- 
shadowed that further Divisions may be formed 
in other Dominions of the British Commonwealth. 
The Council of the Society may be congratulated 
on this course which, we trust, will meet with com- 





plete success. 





RETURN OF THE WRIGHT BROTHERS BIPLANE TO 
THE UNITED STATES. 


The historic biplane of the Wright Brothers, 
which has been on view at the Science Museum, 
London, since 1928, began the first stage of its 
return journey to the United States on Monday, 
October 18, when it was lowered to the floor of the 
Museum in the presence of Mr. George Tomlinson, 
Minister of Education. The aeroplane is now being 
dismantled and crated ready for dispatch and it will 
be accompanied on its journey by Dr. H. Shaw, 
Director of the Science Museum. This machine is 
the first power-driven piloted aircraft to make a 
controlled and sustained flight. It was designed and 
built by the brothers Wilbur and Orville Wright at 
Dayton, Ohio, and was flown for the first time at 
Kitty Hawk, North Carolina, on December 17, 1903. 
The machine was piloted on its first flight by Mr. 
Orville Wright, the flight lasting for 12 seconds. 
Altogether, four flights were made on the morning 
of December 17, the last of which had a duration of 
59 seconds while the distance covered was 852 ft. 
The aircraft is controlled by an elevator plane 
in front and a vertical rudder in the rear. Lateral 
stability was maintained by warping the wings 
and the pilot adopted the prone position in order to 
reduce head resistance. The machine was powered 
by a petrol engine, also designed and built by the 
Wright brothers; it developed from 8 to 12 h.p. 
and drove two propellers in opposite directions in 
order to neutralise gyroscopic action. It was lent 
to the Science Museum in 1928 by Mr. Orville Wright 
for an initial period of 5 years, and its return to the 
United States is in accordance with the wishes 
of Mr. Wright who informed the Museum, in 1943, 
of his intention to withdraw the aeroplane at a later 
date. It will leave for America on the Mauretania, 
which sails from Southampton on November 6, 
and on its arrival in the United States it will be 
installed in the National Air Museum, Smithsonian 
Institution, Washington, D.C. Its place in the 
Science Museum will be taken by a replica, which 
has already been made. 


THE WoRLD’s SHIPBUILDING. 


That the activities of the shipyards in this country 
continue practically undiminished is indicated by 
the fact that there were 2,208,999 gross tons of 
merchant shipping under construction in the ship- 
building centres of Great Britain and Northern 
Ireland on September 30. According to the ship- 
building returns of Lloyd’s Register of Shipping, 
this total shows a decline of 34,704 tons compared 
with that for June 30, but an increase of 106,734 
tons over the figure for September 30, 1947. In 
point of fact, with the exception of the June quarter 
of this year, the latest total is the highest since 
March, 1922, when the aggregate tonnage of the 
steamers and motorships building was 2,235,998 
tons. It must be remembered, however, that the 
total for the tonnage under construction continues 
to be influenced by the delays which present cir- 
cumstances impose on the completion of ships. 
During the quarter under review, 238,206 tons of 
shipping were commenced, 271,679 tens were 
launched and 271,621 tons were completed. The 
latest total of 2,208,999 tons represents 204 steamers, 
making together 986,872 tons, and 236 motorships, 
aggregating 1,222,127 tons. Of these, 164 steamers 
and motorships, comprising 695,550 tons, or 31-5 
per cent. of the total tonnage under construction, 
are intended for registration abroad and include 
283,901 tons for Norway and 96,145 tons for 
Argentina. The tonnage of steam and motor 
merchant ships under construction overseas on 
September 30 was 1,994,874 gross tons, this being 
greater by 216,688 tons than the total recorded on 
June 30. Figures for Russia and Germany and 
Japan are still not available but, of the leading 
foreign shipbuilding countries, France had 399,612 
tons under construction on September 30, the 
United States 289,612 tons, Sweden 263,625 tons, 
Italy 221,537 tons and Holland 211,327 tons. 
During the quarter under review 451,239 tons of 
shipping were commenced in shipyards abroad, 
290,839 tons were launched and 254,463 tons 
completed. Oil-tank steamers and motorships of 
1,000 tons gross and upwards under construction 
in the world on September 30 amounted to 116 
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vessels comprising 1,234,839 tons, representing an 
increase of 270,527 tons since June 30 and 29-4 per 
cent. of the total tonnage under construction in the 
world. Of these tankers, 61, making together 
610,275 tons, are being built in Great Britain and 
Northern Ireland ; 17, aggregating 270,940 tons, in 
the United States; 13, totalling 133,000 tons, in 
Sweden ; seven, comprising 78,835 tons, in France ; 
and five, making 55,066 tons, in Denmark. 


THe Institution oF INCORPORATED PLANT 
ENGINEERS. 


The first annual conference of the Institution of 
Incorporated Plant Engineers, held in Chelten- 
ham on October 7, 8 and 9, was concerned with 
only two papers at technical sessions, but the 
addresses delivered at the banquet on October 8 
almost qualified for consideration as short papers, 
and undoubtedly would have attracted keen dis- 
cussion if they had been presented as such. The 
two papers were on “A New Approach to Process 
Steam,” by the President, Mr. L. G. Northcroft, 
B.Sc., M.I.Mech.E., in which he urged that the 
design of industrial steam plant should be carried 
out “from the surfaces of heat transfer backwards, 
remembering that the boiler house is only a means 
to an end”; and ‘“‘ Practice and Trends in Civil 
Engineering Plant and Equipment,” by Mr. J. R. 
Johnston, B.Sc., which contained some rather 
remarkable instances of the capacity of modern 
earth-moving plant in continuous use. At the 
banquet, however, more controversial themes were 
mooted. Mr. D. Lacy-Hulbert, proposing the toast 
of ‘‘ Enlightened Management,” defined ‘‘ manage- 
ment ” as “‘ the handling of men, machines, money 
and material, so that manufacture can be carried 
on at a profit” ; a sound definition, though hardly 
wide enough, since manufacture is not the only 
form of activity to which management is applied. 
Sir Percy Mills, K.B.E., in reply, discoursing on 
“The Eniightenment of Industrial Management,” 
admitted that, in present circumstances, the 
Government must be concerned, of necessity, with 
the overall plans of industzy and overall shortages 
of supply, but certainly not to the extent of 
usurping the functions of those who had been 
trained in the industries affected. In Whitehall, 
he said, there are ‘‘ men of great intellect, of great 
ability, and of great courage, but . . . men 
who do not possess the specialised knowledge to 
run the industries of this country—nor do they 
pretend to be so equipped. But many of those 
who are making plans fora new earth . . . are 
blind to this fact, and lightly assume that any body 
of men without training, without experience, can 
fill the bill.” That, declared Sir Percy, “is one of 
the craziest situations in this new world with which 
we are confronted, but that it does exist is only 
too apparent.” The toast of ‘The Institution,” 
to which the President responded, was proposed by 
Dr. E. S. Grumell, who protested against the 
Government’s implication that Britain needed to 
be taught by the United States “‘ how to do things,” 
but expressed the view that British engineering 
and scientific talent was not adequately appreciated 
in Britain or given sufficient scope for development. 





THE Scrap POSITION IN THE STEEL INDUSTRY.— 
Figures issued by the British Iron and Steel Research 
Association, 11, Park-lane, London, W.1, show that 
during the first half of the present year, 5,642,000 tons 
of steel were delivered to industry, whilo thse scrap 
recovered from industry totalled 2,300,000 tons. While 
the figure for the scrap collected is considered creditable, 
it is pointed out that the iron and steel industry is now 
using 35,000 tons more scrap a week than in the corre- 
sponding period of 1947, and that it is dependent on 
imported supplies to avert seriously depleting stocks. 





BELT CONVEYING EQUIPMENT.—On Friday, Octo- 
ber 15, a film entitled ‘‘ Meet the Pioneers ” was shown 
to a private audience at Film House, Wardour-street, 
London, W.1. The film, which in the main illustrated 
various stages in the manufacture and use of belt- 
conveying equipment for coal mines and quarries, had 
been prepared by Messrs. Richard Sutcliffe, Limited, 
Horbury, Wakefield, Yorkshire. It also made brief refer- 
ences to the history of the firm, fuller details of which are 
given in its publication Richard Sutcliffe: The Pioneer of 
Underground Belt Conveying. This book was reviewed 
on page 264 in ENGINEERING of September 10 last. 


OBITUARY. 


SIR PETER BROWN. 


By the death of Sir Peter Brown, which occurred, 
we regret to record, on October 12, at his home in 
Ranmoor, Sheffield, the steel industry of South 
Yorkshire has lost a leading figure. Peter Boswell 
Brown, who retired from the chairmanship of Had- 
fields Limited, Sheffield, on June 30, 1945, was born, 
one of a large family, at Greenock, on June 18, 1866. 
At the age of 14, his family removed to the South of 
England and he became a pupil in the engineering 
works of Messrs. Easton and Anderson, at Erith, 
Kent. After completing his five years’ apprenticeship 
in 1885, he remained with the firm as a draughtsman 
until 1888. In October of that year he joined 
Messrs. Hadfield’s Steel Foundry Company, Limited, 
Hecla Works, Sheffield, by which name the then 
newly incorporated firm was known, and was placed 
in charge of the drawing office. At that period, 
the company employed 500 men. In June, 1889, 
when only 23 years of age, Brown was appointed 
assistant works manager. In addition to super- 
vising the various shops he conducted a consider- 
able amount of experimental work in connection 
with the manufacture and treatment of the steels 
manufactured by the firm. 

In 1895, Brown was promoted to the position 
of works manager and had charge of the steel pro- 
duction department and the manufacture and 
manipulation of castings and forgings. The deve- 
lopment of the firm’s manufactures, including 
manganese-steel castings and armour-piercing shell, 
rendered expansion necessary and 85 acres of 
farmland at Tinsley, an outlying eastern suburb of 
Sheffield, were purchased and the East Hecla 
Works established in August, 1897. Mr. Brown 
remained manager of the new works until 1904 when 
he came to London as representative of his firm. 
In 1909, he was elected to the board and in 1914 
returned to Sheffield as general manager of both 
the Hecla and the East Hecla Works, where between 
14,000 and 15,000 persons were employed during 
the war of 1914-18. Sir Peter was appointed a 
managing director in 1917 and deputy chairman in 
1930. On the death of Sir Robert Hadfield, Bt., in 
September, 1940, Mr. Brown succeeded him as chair- 
man of the company, and continued to occupy this 
position until his retirement five years later. He 
received his knight*ood on January 1, 1944, and 
had been Master of the Cutlers’ Company of Hallam- 
shire from 1930-31. He was elected an associate 
member of the Institution of Civil Engineers in 
1892 and a member in 1905. He joined the Iron and 
Steel Institute in 1899, and, after serving on the 
Council for many years, was elected an honorary 
vice-president. He was also an honorary vice- 
president of the British Iron and Steel Federation, 
and was elected a member of the Institution of 
Mining and Metallurgy in 1904. 





MR. F. E. F. DURHAM. 


WE regret to record the death of Mr. Francis 
Edmund Ferdinand Durham, which occurred on 
Sunday, October 10, at his home in Westcliff, 
Essex. Mr. Durham, who was Mechanical Engineer 
to the Metropolitan Water Board until his retire- 
ment in December, 1938, was born at Ceres, Cape 
Colony, South Africa, on October 11, 1871. He was 
brought to this country at the age of four, however, 
and received his general education at Eagle House 
School, Tottenham. In 1887, he entered upon a 
full-time three-years’ course in mechanical engineer- 
ing and applied mechanics at Bradford Technical 
College. On completing this, in 1890, Durham 
became an improver in the Central Marine Engine 
Works of Messrs. Wm. Gray and Company, Limited, 
West Hartlepool. Two years later he commenced 
his long association with the Metropolitan Water 
Board, and its predecessors, when he entered the 
service of the New River Company as draughtsman 
in the pumping and filtration engineer’s department. 
Under the direction of the late Mr. E. L. Morris he 
was engaged on the design and installation of eight 
new triple-expansion pumping engines and boiler 
plants to be used in connection with the company’s 





Staines Communication Works. Under this scheme 


12 to 16 million gallons daily of water deriveg 
from the Thames was to be filtered at new works 
at Kempton Park and pumped through a 42.in, 
main to Cricklewood. Here it was to be re-pumped 
to service reservoirs at Fortis Green, whence it 
was to flow by gravity into the company’s maing 
thus augmenting their supplies from wells and the 
River Lee. These works were not finished untij 
after the Metropolitan Water Board had taken over 
the New River Company and other metropolitan 
water companies, and, on the retirement of Mr. 
Morris, Mr. Durham was appointed engineer for the 
completion of the contracts. 

In 1908, Mr. Durham was appointed resident 
engineer in charge of the Kempton Park Works 
and during the next two or three years, in addition 
to his ordinary work, he carried out research on 
coal testing using a bomb-type calorimeter. This 
enabled him to develop a technique for the repre. 
sentative sampling of fuel... In 1914, he was given 
an appointment at the head office and made 
responsible for the selection of, and the drawing 
up of specifications for, all contracts for new 
machinery. In order to provide a basis for his 
recommendations, he organised the systematic col- 
lection of information concerning the normal opera. 
tion of all the Board’s pumping plant. By this 
means a reliable guide was made available when the 
remodelling of a plant had to be considered. No 
new works of any consequence could be commenced 
until 1918, but from that year until his retirement, 
20 years later, he was responsible for the continuous 
replacement of old, inefficient or unreliable machin- 
ery with new plant of higher power and greater 
efficiency, the capital value of which, including new 
buildings, amounted to some 2,000,000/. These 
plants were installed at the Walton, Kempton Park, 
Deptford, Brixton and Hampton Works and at the 
Queen Mary Reservoir, at Littleton. In 1930, Mr. 
Durham was awarded a President’s Premium for a 
paper he submitted to the Institution of Water 
Engineers, on “‘The Selection and Operation of 
Pumping Machinery for Waterworks.” He was 
elected a member of the Institution of Mechanical 
Engineers in 1916 and of the Institution of Water 
Engineers in 1931. 


MR. C. H. WOODFIELD. 


It is with great regret that we record the death 
on October 10, as the result of a motor-car accident 
near Godalming, of Mr. Charles Henry Woodfield, 
the founder and managing director of the Woodfield 
Hoisting and Manufacturing Company, Limited. 
Mr. Woodfield, who was born on June 23, 1873, 
received his general education and elementary tech- 
nical education in Newport (Mon.), where he was 
apprenticed from 1889 to 1894 to the firm of J. J. 
Cordes and Company, general engineers and makers 
of rolling-mill equipment. He continued his studies 
at University College, Cardiff, and, at a later date, 
at University College, London ; but his transfer to 
London was not until 1902, as he remained with 
Messrs. Cordes and Company until 1900, first as an 
erector and afterwards as foreman, and spent two 
years also with Henry Hyte and Company, of Whit- 
church, Glamorgan, as draughtsman and assistant 
manager. 

The appointment which brought him to Lendon 
was that of manager in the works of Henry Sykes 
and Company, then situated at Bankside, where he 
was engaged in the construction and repair of 
portable engines and boilers, pile-drivers, pumping 
plant, structural steelwork, etc. As the business 
expanded, a move to larger premises became neces- 
sary and, in 1914, Woodfield was closely concerned 
with the equipment of the works in Southwark- 
street, Blackfriars, which Messrs. Henry Sykes still 
occupy. After the close of the first World War, 
however, he decided to start in business on his own 
account and selected for this purpose a portion of 
the former Samuda shipyard in Manchester-road, 
Millwall, where the Woodfield Hoisting and Manu- 
facturing Company was established in January, 1921. 
The new venture prospered from the start and, while 
being always ready to undertake any class of work 
within his varied experience, Woodfield soon became 
known as a specialist on pile-driving plant and mis- 
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of his success was due, however, to his readiness to 
tackle work of a novel character, the unusual 
speed with which he would prepare designs and the 
attention which he gave to every detail of erection ; 
for example, he secured by these means a number of 
contracts for the supply and erection of the lattice 
masts of radio stations. When the old-established 
qrane-building firm of Appleby and Company came 
into the market, he acquired control of this business 
also and so extended his field still farther. In 1943, 
asa result of bomb damage to his works at Samuda’s 
Wharf, he transferred the business of the Woodfield 
Company to Frindsbury, near Rochester, where it 
js now situated. 

Mr. Woodfield was a member of the Institution of 
Mechanical Engineers and had been elected only 
recently to the office of deputy chairman of the 
Benevolent Fund Committee of the Institution. He 
was also a member of the Institution of Struc- 
tural Engineers, a past-chairman of the Junior 
Institution of Engineers, and, in 1945, Master 
of the Worshipful Company of Founders. He 
was the author of a number of papers before 
technical institutions, and of a book, The Mechanical 
Handling of Goods, which was reviewed on page 630 
of our 113th volume (1922). It was his only venture 
into book authorship and it was characteristic of 
its author—a straightforward, unassuming, but 
eminently practical engineer. 





LETTERS TO THE EDITOR. 


REPORT OF THE ASTRONOMER 
ROYAL. 


To THE EprTror OF ENGINEERING. 


Sir,—In the issue of ENGINEERING dated October 
1, 1948, you summarise, on page 317, the Report 
of the Astronomer Royal. In the course of your 
summary you remark :—“‘ It will be recalled that 
Sir Howard Grubb, Parsons and Company have been 
entrusted with the construction of the new 100-in. 
telescope which will be the dominating instrument 
in the Isaac Newton Observatory.” We must 
point out that this firm has not been approached 
in any way in connection with the Isaac Newton 
telescope. So far as we are aware the outline 
design of the instrument has not yet been finally 
settled. We are therefore anxious to correct the 
impression given by your statement that arrange- 
ments for the construction of this telescope have 
already been made. 

Yours faithfully, 
For Sir Howarp Gruss, Parsons 
AND COMPANY, 
Walker Gate, G. M. Simon. 
Newcastle-upon-Tyne, 6. 
October 13, 1948. 





AMERICAN RESEARCH ON FLOW 


NOZZLES. 
To THE Eprror OF ENGINEERING. 


Str,—A colleague, also on the B.S.I. Committee 
on “Fluid Meters and Flow Measurement ”’ (the 
committee responsible for the production of B.S. 
1042-1943), has suggested that the leading article, 
on page 325 of your issue of October 1, 1948, is 
liable to give the reader a somewhat false impression 
of the relative state of progress of the British 
Standard Flow Measurement Code and that of the 
A.S.M.E. 

A statement is made at the foot of the first 
column which suggests that the nozzle has superior 
performance to the orifice at high area ratios. It 
is not a true comparison to compare orifices and 
nozzles of equal area ratio, because of the large 
difference in ceefficients. However, the experience 
of members of our committee is that for orifices 
and nozzles designed for giving equal differentials, 
there is nothing to choose between the two types in 
their susceptibility to errors from imperfect instal- 
lation conditions. It is quite true that the nozzle 
is less susceptible to the effects of corrosion, but 
this is neutralised, to a large extent, by the greater 
use made of stainless or non-corrosive materials 
for the simple orifice plate as compared with the 
nozzle, 











A suggestion that the A.S.M.E. elliptical nozzle 
is better than the V.D.I. nozzle is conveyed in the 
first paragraph on page 326, where it is commented 
that the discharge coefficient of the V.D.I. nozzle 
is lower than that of the A.S.M.E. Without drawing 
attention to the fact that the lowness of the coeffi- 
cient of the V.D.I. is in no way detrimental—in fact, 
rather the reverse—it is possible that the less 
experienced reader will be misled. 

When drawing up the British Standard Code on 
Flow Measurement, the question of inclusion of the 
elliptical nozzle was considered, and the conclusion 
was reached that the elliptical nozzle provided no 
advantages whatever compared with the simpler 
V.D.I., and, it will be evident from an examination 
of the coefficient tolerances for the various differ- 
ential producers dealt with that the simple square- 
edged orifice is not inferior to the nozzle. 

A new edition of the British Code is now being 
prepared, in which some notes for guidance of users 
will be included. These notes will draw attention 
to the relative merits of the different forms of 
differential device, and make it quite clear that the 
square-edged orifice has much to recommend it. 

Yours faithfully, 
H. E. Dat. 

Messrs. George Kent, Limited, 

Luton, Bedfordshire. 

October 13, 1948. 





THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 
(Continued from page 269.) 


Tue fourth and final technical session of the 
Conference on Soil Mechanics, held at Rotterdam 
from June 22 to 29, began on the morning of 
June 25, with a lecture on “‘ Road Construction on 
Soft Subsoils,” by Ir. H. A. M. C. Dibbits, chief 
engineer of the State Water Board. A summary 
of the lecture is given below. 


Roap CONSTRUCTION ON Sort SUBSOILS. 


The western part of the Netherlands, said Ir. 
Dibbits, imposed difficult problems in road con- 
struction, its subsoil consisting of peat and clay 
layers (with a thickness of up to 18 m. in some 
parts) with slight bearing capacity. Methods of 
construction could be divided in three main groups, 
each consisting of several systems. The first group 
comprised methods of compressing the subsoil by 
the weight of the road bed, serious disturbances of 
equilibrium of the soil layers being avoided. In the 
second, the soft soil layers were partly or wholly 
removed and replaced by sand; and the third 
consisted of the transfer of the road bed weight 
to the sand strata underlying the soft soil layers 
by means of wooden or reinforced-concrete founda- 
tion elements. The oldest known construction was 
found in the eastern part of the country; it con- 
sisted of brushwood and logs, and was approxi- 
mately 4,000 years old. Later, there was introduced 
an improved construction of fascine mattresses, 
very similar to the brushwood blankets used for the 
protection of the underwater slopes of dikes. 

In the modern “‘polder” road construction, 
the fascine mattress was used as a foundation for 
the road bed, a sand layer some 2-30 m. in thick- 
ness. To accelerate the compression of the soft 
soil layers, the sand embankment was raised above 
road level. thus causing an extra load, the sand being 
removed shortly before paving the read bed with 
macadam or bricks. The advantages of this type 
of construction were firstly, no serious disturbance 
of equilibrium of the subsoil and consequently no 
chance of damage to adjacent properties; and, 
secondly, a low consumption of sand. Its disadvan- 
tage was the high rate of settling in the beginning, 
which might last for a considerable time. A com- 
promise was a temporary pavement of bricks, which 
could be easily relaid. An important point in the 
use of fascine mattresses was their liability to rot 
above the groundwater level; to prevent this, the 
mattress must be submerged within six months 
after its construction. An example quoted was 
a mattress which settled 55 cm. during sand dump- 


settlement of 1-05 m. was attained. Paving the 
road, with bricks took two months, and a settlement 
of 1-13 m. was recorded at the end of 8} months 
after completion of the mattress. A similar case was 
a fascine-mattress road near Gouda, one of the most 
notorious peat-bog areas of Holland. Settlement 
records showed that, in the course of nearly six 
years, the mattress settled about 3-80 m. The 
embankment had to be raised several times and the 
brick pavement had to be relaid as many times. In 
the western Netherlands, some main and secondary 
roads had been constructed according to this 
principle. The road between Dordrecht and 
Gorinchem has a concrete pavement. The surface 
showed long waves, due to settlement differences, 
though normal parts allow a maximum speed of 
100 km. per hour. On the worst part, the waves 
had a length of 50 m., and maximum settlement 
differences of 30 to 40 cm. The allowable maxi- 
mum speed was 70 km. per hour on this part. 

A typical solution of light road-bed construction 
was the use of tightly compressed peat-litter, in 
the form of rectangular packets. To enlarge an 
existing road, the ditch beside it had to be filled. 
The subsoil was so extremely soft that a 6-m. lath 
could be pressed into it by hand without appreciable 
effort. The presence of houses alongside the 
existing road, founded on wooden piles, excluded 
the application of heavy fill material, and piling 
also was impracticable. The use of the light-weight 
peat material proved to be the proper solution. 
When immersed, the packets took up water to the 
amount of 1} times their weight over a period of 
one year, after which no further increase of weight 
was observed. The dimensions did not change 
during this absorption process, and the specific 
weight remained below unity, making this an ideal 
material for filling purposes. The layer of peat 
litter was covered with a 0-40 m. layer of sand. 
The pavement was made of bricks. 

The construction of motor roads in areas of bad 
subsoil compelled the Rijkswaterstaat to adopt 
other methods to provide a stable foundation 
for the rod bed under heavy traffic and to permit 
the construction of long ramps to the viaducts and 
the bridges. Unfortunately, motor roads in the 
western Provinces had to be constructed in the areas 
of soft subsoil, because, as a rule, towns and villages 
were built on the narrow strips of high ground, with 
good subsoil, along the coast and the rivers. These 
strips were so crowded with dwellings and old 
roads that no space was left for the building of 
modern highways. These conditions necessitated 
the removal of the soft subsoil and its replacement 
by sand in those areas, to provide stable foundations. 
In the case of a road near Gouda, a shallow ditch 
was made along the centre-line, to remove the solid 
crust of dried-out soil above the groundwater table. 
This precaution enabled a close control to be 
maintained over the sand dumping, so as to obtain 
@ symmetrical shape of penetration by the sand ; 
hence the name of the ‘‘symmetrical method.” 
Removal of the resistant soil crust lessened the risk 
of a one-sided blow-owt, as a consequence of a 
different resistance. Sand was generally obtained 
by suction from rivers or borrow-pits, and dumped 
in place by Decauville trucks. A well-developed 
penetration profile showed a sand body extending 
well into the soft subsoil, in depth and width. To 
this end, a temporary surplus of sand was applied 
and maintained, thereby compressing the layer of 
peat left between the base of the sand body and the 
surface of the sand strata. A considerable part 
of the settlement of the road surface would then take 
place before the final paving. Insufficient lateral 
penetration at the sides of the sand body below the 
soil surface resulted in the formation of so-called 
“‘ weak shoulders”; this danger arose when the 
lateral ‘‘ underground ” boundaries of the sand body 
tended to a vertical or—which was worse—an 
inwards sloping plane. The stability could be 
improved by removing some 3 m. to 4 m. of peat by 
dredging at one side and then dumping the sand 
in the trench. The peat pressed up along the axis 
of the trench and had to be removed. This method 
was more costly than the preceding one as regards 
the amount of sand and the ground-work. It was 
called, for obvious reasons, the ‘ asymmetrical 
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means of explosives, as applied in the United States, 
was not used in the Netherlands, the result being 
less satisfactory. In Ir. Dibbets’s opinion, a 
cone-resistance value of the soil of 1} to 2 kg. per 
square centimetre, as obtained with the Barentsen 
sounding device, would give sufficient guarantee 
that the settlement of the outer lanes of the road 
vould be kept within reasonable limits. It is 
considerably less expensive to accept the drawbacks 
of slight settlements than to resort to extra dredging 
and a higher consumption of sand. The application 
of this method in soft subsoils consisting of clay was 
far more difficult to control than with a peaty sub- 
soil. Subsidences apparently occurred as a slow 
creep, and thus were more dangerous. 

In the case of an embankment to be constructed 
near a building, lateral displacements of peat or 
clay, endangering the building foundation, must be 
avoided. The asymmetrical method was then 
used, starting the dumping near the building and 
working away from it, while removing the peat on 
the other side. A trench between the dump and 
the building was left open for safety. Sometimes, 
a pile screen with strut piles was used as an extra 
safety measure. A road near Utrecht had to be 
constructed on soft subsoil, consisting of 3 m. to 
4 m. of peat only; the peat was entirely removed, 
in this case, by means of a bucket dredger over a 
length of 12 km. and a width of 25 m. On some 
jobs, the hydraulic fill method was used: a cheap 
method as a rule, though it had some disadvantages, 
especially in case of narrow embankments. Moreover, 
the upper soil layer is soaked at the sides and thus 
loses its stability. 

In conclusion, Ir. Dibbits gave some data con- 
cerning the application of the third method of 
construction, the foundation of a road on piles 
and wooden or eoncrete floors; it was not a modern 
invention, he said, an example being the Roman road 
near Rochester, in the Medway valley. A wooden 
floor and a pile-foundation was also used for the 
construction of Rotterdam’s Broadway, the ‘‘ Cool- 
singel.” A former canal was filled with soil, and 
the upper sand fill h:d to be supported by a wooden 
floor and piles. A reinforced-concrete construction 
on wooden piles, supporting a sand fill, was used 
for a road near Hazerswoude. The wooden piles 
were driven upside down, in order to have a higher 
point resistance. 

At the conclusion ef the lecture, the meeting 
proceeded to discuss the papers submitted under 
Sections VIII and IX of the programme, dealing, 
respectively, with ‘‘ Problems in Road and Runway 
Construction ” and “ Improvements in the Mecha- 
nical Properties of Soil.” The reporter for both 
Sections was Mr. Guthlac Wilson (Great Britain). 


Roap AND Runway CONSTRUCTION. 


The pavement or crust portion of roads and 
runways are broadly divided into two classes known 
as ‘‘rigid ” and “ flexible,” a rigid pavement being 
one which can carry a certain amount of tensile 
stress, whereas a flexible pavement cannot do so. 
In both cases, their main functions are to reduce the 
stresses due to traffic loads to a degree which can be 
carried by the subgrade soil beneath, and to provide 
a good riding surface for the traffic. One of the 
main problems in the design of pavements is the 
determination of the depth of construction necessary 
to carry a given wheel load. Many of the papers 
submitted to the Conference dealt with this and, for 
the design of flexible pavements, the California 
Bearing Ratio (or C.B.R.) test is widely used as a 
basis of comparison. In this test, the resistance 
to penetration of a steel plunger, approximately 
2 in. in diameter, is measured while it is pushed 
at the rate of J, in. per minute into the compacted 
subgrade or into a sample similarly compacted. 
The load is expressed as a percentage of that required 
for a standard material; so that, in all ways, the 
test is completely empirical, as is its relation to the 
thickness of construction required for a given wheel 
load. The California State Highways authorities 
developed the test in 1929 and the curves which they 
produced were subsequently extrapolated for 
heavier wheel loads and runway design. Mr. P. C. 
Lewis (South Africa), in his paper on ‘Tests on 
Subgrade Core Samples as Applied to the Design of 
Road Foundations,” described a rapid method of 





taking large undisturbed samples. The results 
of a test strip showed that, even after strict compac- 
tion control, it was desirable to subject the subgrade 
to traffic compaction before surfacing, since, in 
this way, local variations in density and density 
gradient were reduced. Mr. Lewis stressed that 
more information was required about the relation- 
ship between road performance, pavement thickness 
and in situ values of the C.B.R. Mr. L. A. Palmer 
and Mr. J. B. Thompson (United States) in their 
paper, “‘ Pavement Evaluation by Loading Tests at 
Naval and Marine Corps Air Stations,” collected 
together a great deal of information on the bearing 
capacity of existing runways. It was found that, 
under the pavements, the subgrade densities were 
greater than had been used in the design, whereas 
the moisture contents were generally less, although 
variations in moisture content appeared to affect 
the bearing capacity of flexible pavements only 
slightly. It was observed that triaxial shear data 
obtained with undisturbed samples provided a 
reasonably good index to the bearing capacity of 
the subgrade. Mr. R. Glossop and Mr. H. Q. 
Golder (Great Britain), who presented a paper on 
“The Shear Strength Method of the Determination 
of Pavement Thickness,” gave in it a résumé of 
their methods of pavement design for subgrades of 
clay or sandy clay soils. These appear to be among 
the most rational methods of pavement design which 
have been proposed and consist of increasing the 
pavement thickness until the stresses produced 
in the soil by the applied wheel loads are insufficient 
to overstress the material. To determine the 
stresses in the soil, the authors originally suggested, 
among other methods, a Boussinesq distribution. 
Since then, Dr. L. Fox (Great Britain) has computed 
all the stresses under a two-layer system; the 
results of his work, which was carried out in the 
Mathematics Division of the National Physical 
Laboratory, on behalf of the Road Research Board, 
were presented in a paper to the Conference entitled 
“Computation of Traffic Stresses in a Simple Road 
Structure.” From these results, the actual shear 
strength of the soil at any depth can be compared 
with the shear stress produced by the loading, 
provided that the elastic moduli of the two layers 
can be ascertained. 

During the discussion, the C.B.R. method of 
design came in for much criticism, especially with 
regard to the uncertainty whether or not the soil 
sample ought to be saturated before testing; and 
Mr. N. W. McLeod (Canada), with many others, 
held that, when there is no possibility of the sub- 
grade becoming saturated, the samples ought to 
be tested at their natural moisture content. Mr. 
O. J. Porter (United States) said that, in his experi- 
ence, the moisture content under a pavement might 
remain in its original state for five or ten years, 
after which it might increase gradually. Deteriora- 
tion, he said, generally began in one localised spot 
and spread from there. He suggested that there 
were three main design considerations, namely, the 
location (whether apron, taxying track, runway, 
etc.) ; the proposed life of the runway (half of the 
normal depth of construction might be sufficient 
for a number of months or years if the traffic were 
light) ; and the allowable deformation, progressive 
plastic deformation being the most serious problem, 
the radius of curvature being as important as the 
total deformation. For roads with 5,000-lb. wheel 
loads, 0-05 in. deformation might be taken as the 
maximum, but, with 20,000-lb. wheel loads, this 
might be increased to 0-5in. Mr. T. Middlebrooks 
(United States), who also spoke in the discussion, 
said that, before advocating the C.B.R. test, he 
had believed in the plate-bearing test; but, on 
using this in connection with the testing of pave- 
ments to destruction, he had not been able to find 
any close correlation between pavement strength 
and plate-bearing resistance of the subgrade. In his 
opinion, no limiting deflection could be given for 
rigid pavements. Together with many other 
speakers, Mr. Middlebrooks asserted that more 
must be known of the stress characteristics of soil 
before applying the elastic theory. He believed that 
the triaxial test would be adopted ultimately. 

Mr. C. E. Docker and Mr. J. N. McFeeters (Great 
Britain) presented a very complete paper on “‘ Prin- 
ciples of Concrete Runway Design.” Speaking on 
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this subject, Mr. McFeeters said that concrete ryp, 
way design consisted in the design of the edges and 
corners ; hence mathematical refinements relat 
to semi-infinite elastic layers were of no great hel 
especially in view of the soil variation in the field. 
In Great Britain, the procedure followed was, firs, 
to make a detailed soil survey, when the earthwork 
and consolidation problems were encountered 
Then a plate-bearing test survey was made to find 
the average value of the modulus of subgrade 
reaction. A base course was then designed, using 
Glossop and Golder’s method of design, and a test 
strip was constructed on which plate-bearing test 
were made, to give a revised value of the modulus, 
Finally, a test pavement strip was constructed, and 
loading tests on this, with the aid of deflection and 
strain gauges, provided the information required 
for the final design section. 

A most uncommon design of runway, adopted for 
the Amsterdam airport at Schiphol, was described 
in a joint paper by Ir. J. W. Clerx, City Engineer of 
Amsterdam, and Ir. L. J. H. Weinberg, head of the 
Airport Division of the Soil Mechanics Laboratory 
at Delft, entitled “‘ Soil Investigations and Runway 
Construction at Schiphol Airport.” The subgrade 
is the usual clay found in the Netherlands, extremely 
difficult to compact on account of the high natural 
moisture content. The pavement itself, which the 
delegates were enabled subsequently to inspect, 
is termed “‘ rigid-flexible” and consists essentially 
of a layer of concrete, 12 in. thick, without joints 
or reinforcement, covered by 14 in. of compacted 
sand, on top of which is laid a 10-in. layer of crushed 
stone. The whole pavement is sealed by a 2-in, 
asphalt carpet. The concrete is laid on a 2-in, 
drainage layer of fine sand. By laying the concrete 
slab at this depth below the surface, it was stated, 
the influence of changes in temperature was negli- 
gible and expansion joints might be omitted. The 
flexible pavement on top was not affected by tem- 
perature stresses, but must be capable of resisting 
the direct stresses due to traffic loading, which it 
serves to spread and reduce for the concrete pave- 
ment beneath. Subsidiary advantages of this con- 
struction, claimed by the authors of the paper, 
were that cables and ducts could be laid with great 
ease directly on the concrete slab, and that it was 
a simple matter to dig up the base course and to 
replace it again for cable repairs. Ifa crack should 
Occur in the concrete slab, a failure would not 
ensue, as the slab would still continue to spread 
the pressures, whereas a similar crack in a bare 
concrete runway would cause rapid disintegration 
of the slabs. Loading tests, described in an asso- 
ciated paper by Ir. L. J. H. Weinberg and Ir. 
H. K. 8S. P. Begemann, of the Delft Soil Mechanics 
Laboratory, and Ir. C. Lit and Ir. H. C. Carstens, 
of the Engineer’s Department, Amsterdam, showed 
that the rigid-flexible runway construction was 
adequate for the heaviest aircraft in service. 

Among the papers dealing with investigations of 
failures and drainage, a contribution of considerable 
interest was made by Mr. D. Croney, Mr. W. A. 
Lewis and Mr. J. D. Coleman (Great Britain) on 
the subject of ‘‘The Causes and Control of Sub- 
grade Moisture Changes.” The authors considered 
first the fundamental factors which control the 
movement of moisture in soil and on which 4 
satisfactory drainage technique must be based, 
drawing a distinction between movements occurring 
under the action of gravity and those resulting from 
suction or vapour-pressure differences in the soil. 
The influence of moisture content, grading and 
temperature on the suction and vapour-pressure 
characteristics was discussed by the authors in 
detail, as well as methods of controlling changes in 
moisture content under a pavement. Mr. J. D. 
McNeil (United States), in his paper, “‘ Subdrainage 
Problems in Highway Construction as Related to 
Geology and Soil Mechanics,” drew similar conclu- 
sions about the beneficial use of interceptor drains, 
emphasising that, when a road was to be con- 
structed in an area where seepage occurred, the 
geological features should be investigated fully 
before any system of subdrainage was adopted, 
since studies of the surface flow were often mis- 
leading. Mr. A. Mayer and Mr. M,. Guilbert 
(Algeria), in a summarised report on ‘‘ Corrugation 
of Desert Roads,” described the regular undulations 
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of frequency about 1 m. which occur on the desert 
earth roads. In the diseussion, Mr. Mayer said 
that the natural period of vibration of the motor 
traffic caused the loose surface layers to pile up, 
and the waves thus formed aggravated the trouble 
by obliging subsequent traffic to take up the same 
period of vibration. It was found that stiff springs 
and hard tyres, and a surface layer containing a 
small proportion of clay to bind the gravel, helped 
to prevent the waves from forming. 


THE MECHANICAL PROPERTIES OF SOIL. 


Section IX contained a paper by Mr. H. F. 
Winterkorn (United States), entitled ‘‘ Soil Stabilisa- 
tion,’ which provided a useful introduction to the 
subject. The mechanical properties of a soil, he said, 
might be improved by treatment or by admixtures. 
The most common method of treatment was that of 
reducing the voids-ratio by compacting the soil 
with rollers or vibrating machinery. Clay soils 
might be hardened by heat treatment. Admixtures 
were of two types, namely, cement, mixed with the 
soil and, in effect, converting it into a lean concrete ; 
and chemical admixtures, such as resins, bitumens, 
etc., which prevented moisture from entering the 
soil and thus maintained it at its original strength. 
Compaction was first investigated in detail by Mr. 
R. R. Proctor (United States), who developed the 
standard compaction test. He contributed five 
papers to the Conference on laboratory soil-compac- 
tion methods; on the relationship between com- 
pactive effort in the laboratory tests and that 
required to secure similar results with sheepsfoot 
rollers; on the relationship between compactive 
effort and soil density, consolidation and shear 
strength; and on the preparation of compacted 
soils as foundations for paving or structures. Mr. 
D. J. Maclean and Mr. F. H. P. Williams (Great 
Britain), in their paper on “ Research on Soil 
Compaction at the Road Research Laboratory,” 
gave a summary of the studies on compaction which 
have been in progress there for many years and 
which are still not completed. The optimum 
moisture content and maximum dry density 
obtained from the standard compaction tests have 
been compared with those obtained in the field 
using different types of equipment and different 
types of soil. For the field tests, a circular track 
was developed, round which the rollers were drawn, 
and density measurements were made for each 
moisture content after different numbers of passes 
of the roller. In this way, the actual field optimum 
moisture for a given roller has been found and also 
the maximum density, which is reached usually 
after a few passes of the roller. 

Mr. S. R. Mehra (India), in the discussion, 
elaborated his paper, ‘‘ Soil Stabilisation with Soft 
Aggregates’ concerning the gravel roads used in 
India, and explained how the grading was adjusted 
so that the gravel particles would not abrade each 
other, but would be suspended in the fines. He 
added that soil cement was being used in India 
for house construction. A well-graded fine soil 
was prepared and 2-5 per cent. of cement added ; 
the mixture had a compressive strength as great 
as that of brick and the cost was 40 per cent. less. 
Mr. O. J. Porter (United States) described sand 
drains used to accelerate the consolidation of heavy 
clay soils under a structure. This process, he said, 
had been in use in the United States for many years, 
the sand drains being placed 25 ft. apart. During 
the war, however, the drains were placed as close as 
8 ft. apart, so that the consolidation could take place 
during the time of construction. The drain consisted 
of a hole, bored 10 ft. to 90 ft. in depth and 18 in. to 
30 in. in diameter, which was backfilled with sand. 
One of the objections to the use of resinous agents 
for soil stabilisation was that many organisms 
capable of attacking natural resins were present 
in soils and these reduced the waterproofing proper- 
ties of resinous materials admixed with soil. In an 
investigation of this subject, Dr. P. C. T. Jones 
(Great Britain) reported that mercuric chloride 
and sodium pentachlorophenate had proved to be 
effective antiseptics for combating the microbial 
attack of resinous materials in soil and appeared 
also to improve the waterproofing properties. 


(T'o be continued.) 
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MEMORIAL TO RICHARD 
TREVITHICK (1771-1833). 


On page 399 of this issue we record the unveiling 
of a memorial to mark the birthplace of Richard 
Trevithick at Pool, which forms part of the now 
combined urban district of Camborne-Redruth. The 
memorial, of grey Cornish granite, stands in Station- 
road, facing the lane leading to the South Crofty mine ; 
for the accompanying illustration of it we are indebted 
tothe Shell Photographic Unit of Messrs. The ‘‘ Shell” 
Refining and Marketing Company. The inscription is 
surmounted by the armorial bearings of the Duke of 
Cornwall and reads as follows: ‘‘ Richard Trevithick/ 
Engineer,/Inventor of the/High Pressure Steam En- 
gine,/Born/on April 13th, 1771,/in the House that 
stood/on this Site,/Died/on April 22nd, 1833, /at 
Dartford, Kent./This Monument is erected as an/ 
Appreciation of the Great Inventor/ and his Gifts 
to the World.” 

It was intended that, after Captain R. E. Trevithick 
had unveiled the memorial, a eulogy of Richard 
Trevithick should be read by Dr. H. W. Dickinson, 
M.I.Mech.E. ; but the heavy rain which fell throughout 
the ceremony obliged. Dr. Dickinson to curtail his 
address considerably. The text reproduced below, 
though slightly abridged from the original, includes 
most of the portions which had to be omitted. 

** We are assembled here to-day, said Dr. Dickinson, 
to do honour to the name and memory of Cornwall’s 
most famous son in the domain of engineering—Richard 











Trevithick—who was born near this spot on April 18, 
1771. The monument that has just been unveiled 
by his great-grandson records the fact for this and 
future generations. Trevithick gave to the world a 
host of inventions, perhaps the most notable among 
them being the high-pressure steam engine, which 
was the forerunner of the railway locomotive and the 
steam coach on common roads. I need not dwell on 
the enormous changes, economic, social and even 
political that have followed. Single-handed as he 
always preferred to be, he did not succeed in bringing 
all his inventions to fruition ; he was almost forgotten 
and died in poor circumstances while others were given 
the credit which rightly should have been his. However, 
I am satisfied that the present generation of engineers 
has done and is doing justice to his memory for, besides 
the monument unveiled to-day, there exists the 
magnificent statue at Camborne which was unveiled in 
1929. Considerable doubt has existed as to the exact 
spot where Trevithick was born, but Mr. William A. 
Michell, with his local topographical knowledge and 
with the aid of a photograph dating back to 1871, 
came to the conclusion that this is the very spot. The 
cottage that existed here in 1771 was pulled down 
about 1880, when the present house was erected. 

*¢ Trevithick’s father, also named Richard, was a man 
of some consequence, an ‘‘ adventurer” in the mines 
and also engineer to some of them. His mother, Ann 
Teague, was one of a family well-known in the Cornish 
mining world. There were four daughters of the 
marriage but only the one son. In the year following 
his birth, the family removed to the cottage at Penponds 
of which the Cornish Engines Preservation Society 
has undertaken the custody and maintenance. At 
school in Camborne, he was a thoroughly unsatisfac- 





tory pupil. His master reported that he was a “‘dis- 
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obedient, slow, obstinate, spoilt boy, frequently absent 
and inattentive.” 

‘* When he was six years old, a great event happened 
in Cornwall—the coming of Boulton and Watt, 
with the latter’s separate condenser engine, the 
consumption of fuel of which was between one-third 
and one-fourth of that of the atmospheric engine 
then in use for draining the mines. A new era for the 
Duchy dawned, for the depth to which mining could be 
prosecuted was now doubled. The adventurers could 
not do without the new engine, and had to employ it 
or give up working their mines. Consequently, there 
was a rush to install the new engine, so that, in six 
years’ time, 21 of them were erected and only one of 
the older type of engine was left at work. What an 
environment for such a boy {fas Trevithick in which 
to grow up! At the same time he waxed in stature 
and in bodily strength. Many tales are told of his 
exploits and of his proficiency as a wrestler. We know 
little of his activities till he was about 25, but by that 
time he had been in charge of, or engaged with Edward 
Bull in the erection of, ten engines. The Cornish 
adventurers did not like Boulton & Watt’s methods 
of charging for their engine by the value in money 
of one-third of the savings in fuel effected, as compared 
with the cost of fuel for an atmospheric engine doing 
the same work. Every means of getting over the 
condenser patent was tried, without success. Bull 
and Trevithick backed up the adventurers and were 
undoubtedly a thorn in the flesh of Boulton and Watt. 

‘‘Trevithick was now 26 years of age; his mental 
powers had matured and the harvest of his inventiens 
began. Originality in invention is most often con- 
current with this time of a man’s life and also is rarely, 
if ever, associated with a mind crammed with a store 
of book-learning. Such was the case with Trevithick. 
Out of the plunger pump and water-pressure engine, 
both reconstituted by him, arose the plunger-pole 
pump. The idea of high-pressure water probably 
connoted in his mind high-pressure steam, and from 
this we find emerging the high-pressure engine and its 
application to locomotion on common roads and on 
rails. It would seem also to have been the germ of the 
Cornish engine. He had certainly grasped the idea 
of this as early as 1806, for we find him writing to his 
friend and life-long mentor, Davies Gilbert, subse- 
quently President of the Royal Society: ‘“‘I would 
be very much obliged to you for your opinion en what 
I have stated and what advantage you think the great 
engine [he was speaking of Dolcoath] is likely to get 
from working with a steam of about 25 lb. to the inch 
and shut off early in the stroke so as to leave the 
steam about 4 pound to the inch when the piston is 
to bottom.” Gilbert’s reply was encouraging and 
Trevithick wrote further: “‘The vast matter this 
great engine has in motion will answer in part the use 
of a fly wheel. The whole of the matter in motion is 
near about 200 tons at a velocity of about 160 feet per 
min. This I know will not be sufficient but it will be 
about equal to a fly wheel of 20 foot diameter, 25 tons 
weight, 20 rounds per minute if weight and velocity 
answer the same purpose.” 

‘*His energies were deflected from steam, however, 
by a project that paralleled closely with his mining 
knowledge; he undertook by contract the job of 
tunnelling under the Thames, an ill-starred venture. 
While in London in 1808, he tried out the rail loco- 
motive, without enlisting any help to develop it. A 
severe attack of typhus fever laid him low in 1810, 
and in the following year he was adjudged bankrupt. 
After he had recovered, he returned to Cornwall. For 
really high pressures, none of the boilers then in use 
was suitable and the cylindrical boiler, with a single 
internal flue, was the result. 

“Again Trevithick went away, this time silver 
mining in Peru, where also water was the miner’s bug- 
bear. The mines being 14,000 ft. above sea level, the 
condensing engine of Watt was inapplicable, but the 
high-pressure engine filled the bill; apart from this, 
all parts of equipment had to bein such portions as 
could be carried up the mountains on mule back. 
Undoubtedly, the problem attracted Trevithick, but 
the prospect of “‘ riches beyond the dreams of avarice ”” 
drew him on. He was, however, baulked by a revolu- 
tion in Peru. To this succeeded Ulysses-like wander- 
ings, in Central America. He arrived back in Cornwall 
with what he stood up in in October, 1827. He started 
life again, but he had missed his opportunity ; others 
had developed the Cornish engine during his absence, 
and the rest of his life was spent inventing, but never 
maturing his ideas. He was scheming a high-pressure 
tubular boiler when he died in Deptford, in Kent, on 
April 22, 1833. He had little theoretical knowledge, 
but his insight into a mechanical problem amounted 
almost to intuition. While others deliberated, he 
acted and put his ideas into execution with remarkable 
practical ability and with astonishing speed, but he 
never found time or inclination for the drudgery of 
perfectingthem. Even if he had had a Boulton, as did 
Watt, I doubt whether his genius could ever have been 





harnessed effectively.” 
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RESEARCH ON CAST IRON. 


THE development of a process for the production of 
cast irons yielding nodular graphite structures in the 
as-cast state, without the necessity for applying heat 
treatment, constitutes the most important advance 
made during recent months in the metallurgy of cast 
iron. The discovery of means whereby nodular struc- 
tures could be obtained in the as-cast state was made 
as a result of fundamental work on the mechanism of 
graphite formation in the laboratories of the British 
Cast Iron’ Research Association, Alvechurch, Bir- 
mingham. It is stated in the recently-issued twenty- 
seventh annual report of the Association covering the 
year ending June 30, 1948, that this fundamental 
work is being continued and that research on various 
alternative processes for achieving the nodular struc- 
ture is being carried out. On the general subject of 
graphite formation during the solidification process, 
an investigation of the effect of small amounts of 
sulphur in pure iron-carbon alloys has been conducted. 
As a basis upon which a fundamental study of phos- 
phoric cast irons can be made, an investigation has been 
put in hand to study solidification in the ternary iron- 
carbon-phosphorus system. The constitution and 
solidification of iron-carbon silicon, iron-carbon-man- 
ganese, and other ternary systems will be taken up 
subsequently. ‘ 

A new investigation on slag-metal reactions has been 
begun. This subject is stated to be almost a virgin 
field as far as-cast iron is concerned and will involve the 
study and compilation of data concerning slag systems ; 
the influence of slag on graphite structure and carbide 
stability ; the influence of refractories on slag and 
slag-metal reactions; desulphurisation, de-phosphori- 
sation and metal-composition control by slag-composi- 
tion control ; and the use of special melting techniques. 
An extensive programme of work concerns the special 
mechanical properties of cast iron. Various exploratory 
investigations have been carried out on the fatigue and 
damping properties of the new nodular cast irons, and 
their stress-strain characteristics in tension, transverse, 
compression and torsion testing have been determined. 
Stress-strain curves for ingot-mould materials at 
elevated temperatures, have also been established. 
The mechanical properties of ring-section test pieces 
have been compared with those of corresponding round 
test bars and the mechanical] properties of cast iron at 
sub-zero temperatures have been studied. Another 
matter which is receiving attention is the nature of 
internal stresses in iron castings. These are being 
investigated, in the first instance, by a study of the 
mechanism and rate of relaxation of artificially-applied 
stresses at elevated temperatures. The effect of gases 
in cast iron is included in the programme, and work 
on the various factors which influence gas content and 
on the determination of gases in cast iron is being 
continued. This work has involved the construction 
and perfection of new apparatus and the investigation 
of chemical methods for the determination of nitrogen. 
Following the development of suitable apparatus, the 
influence of composition, microstructure and design on 
resistance to thermal shock has been studied. Determin- 
ations of thermal conductivity have also been made. 

In addition to dealing with members’ problems, the 
programme of investigations of the development 
department of the Association has included work on 
specific problems common to the industry, and several 
small-scale experiments in producing material and 
castings for trial in members’ works have been carried 
out. Present shortages of raw materials and the 
question of possible substitutes are under constant 
consideration, especially in connection with bonding 
materials for moulds and cores. The development of 
the balanced-blast cupola has been continued and the 
number of such installations in use is now 343, having 
an aggregate hourly capacity of 2,640 tons. In con- 
clusion, a few particulars regarding the financial status 
of the Association may be of interest. Since its incep- 
tion, it has depended for its industrial support on 
voluntary membership by individual firms, who have 
contributed in accordance with their size, and, although 
the subscription basis has been modified from time to 
time, its essentially voluntary character has not 
altered. The annual industrial income has been 
increased from 2,500/. in 1921 to over 29,0001. in 
1947-48, and the number of member firms has increased 
from less than 200 to 523. As a result of an arrange- 
ment recently made by the Joint Iron Council, with the 
approval of the Iron and Steel Board, a substantial 
proportion of the Association’s future income will be 
derived from a levy on foundry pig iron. For the year 
1948-49 the total income from this source will be 
45,0001. In connection with the new scheme, a five- 
year grant arrangement, to date from July 1, 1948, 
has been arrived at between the Association and the 
Advisory Council to the Department of Scientific and 
Industrial Research. This is based on a block grant 
of 20,0001. for an industrial income of 45,0001., together 
with a supplementary grant of 11. for 11. up to 20,0001. 
for a further 20,0001. of industrial income. 





LABOUR NOTES. 


THE existence of a considerable background of 
opposition in the trade-union movement to any idea 
of more production, is recognised by the Trades Union 
Congress in a statement issued on October 12. The 
General Council, in referring to the special conference 
of trade-union executives on production, which it has 
called for November 18, states that a great deal of this 
‘opposition complex” is the outcome of the age-old 
management versus workpeople conflict. Another 
cause is the feeling that greater production will mean 
the harder driving which employees resent. The 
General Council, however, states that higher production 
does not mean demands for harder work. Improve- 
ments in seating, lighting, assembly lines, and workshop 
layout generally, can produce a larger output without 
additional effort. In particular, there is the consider- 
able contribution which improved relations between 
management and workpeople can make to the pro- 
duction drive. 





The Trades Union Congress statement continues : 
‘““There are many who feel that higher output is the 
bosses’ job and nothing to do with trade unions as 
such. The plain fact is, however, that the trade-union 
movement in this country has ceased to be a mere 
opposition movement and has claimed and been 
accorded responsibilities which it will have to assume. 
It is an economic fact that, unless we can pay our 
way by the end of Marshall aid, the present standard 
of life of our people will be in grave jeopardy—not only 
the new health service, the old-age pension service, and 
the extension of education, but also full employment 
and the length of the working week.” 





In considering what might be done to boost increased 
production, the General Council of the Trades Union 
Congress decided that a solution should be sought at 
the workshop-floor level, where production can be 
affected favourably or unfavourably by industrial 
policy, and that vague exhortations to work harder 
should be abandoned. The General Council felt that 
slogans of the “‘ Export or Starve,” ‘“‘ Work or Want” 
type have had their day, and recommended the forma- 
tion of more joint production committees. It proposes 
to join with the British Institute of Management in 
arranging with technical colleges and universities for 
young trade-union officers to be trained in the tech- 
nicalities of those industries with which their union 
activities are connected. The General Council says 
that it is wrong for the unions to demand increased 
representations at all levels and then do nothing to 
educate their officials for the work. 





One of the repercussions of the recent awards to 
the engineers has been an agreement to pay increases 
which will benefit some 18,000 men and youths engaged 
in the melting, rolling and forging sections of the 
Sheffield steel industry on the ‘‘ Sheffield shift system.” 
The increase, announced on October 12, will operate 
from the beginning of the full pay period after Monday, 
October 4. Men over 21 will receive an increase of 
10d. a shift ; youths of 18 to 20 years inclusive, 8d. a 
shift ; and boys under 18 will get 6d. more per shift. 
The increases were given as the result of discussions 
between the five unions concerned, including the Iron 
and Steel Trades Confederation, on the one hand, and 
the Crucible Steelmakers’ Association, the Engineering 
Employers’ Association, and the Rollers, Tilters and 
Forgers Employers’ Association, on the other. 





The report of the court of inquiry into wages in the 
engineering industry is dealt with at some length by 
Mr. W. B. Beard, O.B.E., the general secretary of the 
United Patternmakers’ Association, in the October issue 
of the Association’s Trade Report. After summarising 
the benefits which the court’s findings had conferred 
on the engineers, Mr. Beard writes: ‘‘ Disappointment 
was felt by many that the wage increase was not 
greater, and-this found expression in the usual way. 
Indeed, there was an obvious movement afoot to delay 
acceptance of the findings until a ballot vote had been 
taken on the question of acceptance of the report or 
otherwise, and some made no effort at all to conceal 
their insistence upon a policy of strike action, if neces- 
sary. This movement could have had but one result, 
namely, chaos in the industry, with divided forces and 
a weakening of trade-union strength, that may have 
taken years to rebuild, for, make no mistake about it, 
there were considerable numbers in the industry whose 
only concern was, from what date would the award 
apply.” 


“The plain fact is,’ continues Mr. Beard, “‘ that we, 
as a trade-union movement, requested that the court 
of inquiry should be set up. The employers did not 
want it ; they, in fact, expected the usual move to the 
National Arbitration Tribunal. It is surely logical, 








therefore, that, having asked for this machinery ang 
having been able to put all our facts, such as we could 
obtain, before the court, we should accept the findings, 
even if such had been less favourable than they were,” 
After stating that his own Association executive had 
decided to request a court of inquiry and that his 
President, Mr. Ellis Smith, M.P., had moved a resoly- 
tion to that effect at the York meeting of executives in 
June, Mr. Beard continues: ‘* This, then, was not only 
Confederation policy, but our own union policy and 
I submit that, if a member of our association elects to 
use the appeal court, or our own arbitration machinery, 
to deal with a grievance against the association, when 
the judgment is given, both sides are expected to, and 
in fact do, accept the verdict, because the machinery is 
not compulsory, but of free choice. The court of 
inquiry was the free choice of the trade unions.” 


When the union representatives met the employers 
after the court’s recommendations had been announced, 
states Mr. Beard, ‘‘ attempts were made, by the unions’ 
representatives, to improve on the findings, but the 
employers would not agree and indicated quite clearly 
that they were prepared to accept the decision and that 
they could not be expected to do more, for it was not 
they who had requested the court of inquiry, but the 
trade unions. Indeed, they were prepared to go so 
far as to suggest a date on which the court’s proposals 
were to operate. It was the unions who could not 
accept the findings until their executives had met. It 
is now fairly common knowledge that the executives 
decided by a large majority to accept the decision, 
after what has been described as a close vote within 
the Amalgamated Engineering Union itself.” 





Discussing the benefits which those employed in the 
engineering industry have gained from the agreement 
between the unions and employers, which arose from 
the report of the court of inquiry, Mr. Beard says: 
** If one considers the whole subject in the broad setting 
of past negotiation and the reply of the employers, both 
at the conference table and at the court itself, there is 
much to be commended. For instance, the raising of 
the basic rate for the lower-paid districts, like the 
West Riding, East Anglia, Aberdeen, etc., has been a 
live issue and the subject of much negotiation during 
the past 30 years, and very little success can be 
recorded. This problem will now be adjusted and 
our members in those particular areas will obviously 
receive increases between 6s. and 88. per week. The 
question of consolidation, upon which we could make 
no progress with the employers, and which is ripe for 
adjustment, is now a possibility, although I see many 
difficulties ahead which will be raised, not so much by 
the employers as by the workpeople within the engin- 
eering industry, who are involved in the thousands of 
piece-prices which abound and which will require to be 
altered to relate to a new base rate, for consolidation 
pre-supposes that no increase would accrue as a result.” 





Negotiations took place in London on Monday 
between representatives of the Railway Executive 
and officials of the Railway Shopmen’s National 
Council on whether the increase of 48. weekly granted 
in May last to railway shopemployees engaged at time 
rates should be extended to those on piece rates. 
They were unsuccessful, however, and the unions con- 
cerned decided to refer the question to the Ministry of 
Labour. Token strikes of a few hours’ duration took 
place during the day at Stratford in East London and 
at Glasgow, but arrangements for one at Derby were 
cancelled. The London Transport Executive have 
given a considered reply to the National Union of 
Railwaymen on the union’s demand for an all-round 
increase of 12s. 6d. a week, but its contents have not 
been made public. 


The new joint committee on coal output, consistir g 
of six representatives from the National Coa] Board 
and six from the National Union of Mineworkers, met 
in London on October 13. Sir Donald Fergusson, 
K.C.B., permanent secretary of the Ministry of Fuel, 
attended and was appointed independent chairman. 
Since Monday, the joint committee has been holding 
morning and afternoon sessions daily and hopes to 
make its report within a few days. Mr. Will Lawther, 
President of the National Union of Mineworkers, 
although not originally appointed a member of the 
committee, on account of his heavy duties in other 
directions, attended the earlier meetings, but Mr. 
Arthur Horner, the union’s general secretary, was 
unable to be present. The committee came into being 
following a meeting of members of the Coal Board and 
the Union with Mr. Gaitskell and ig considering 
methods of decreasing absenteeism ; improving i 
per man-shift ; obtaining better results from Saturday 
and other overtime working; and the increase of 
miners at the coal face. 
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STATISTICAL METHODS AND 
ENGINEERING PROCESSES.* 


By BernarpD P. Duppine, M.B.E., Ph.D., and 
W. J. Jennett, B.Sc. (Eng.), A.M.LE.E. 


WHILE interest in the use of statistical methods 
in the engineering industry was greatly stimulated 
during the recent war, being markedly encouraged by 
Government departments subsequent to 1942, it is 
appropriate to recall the more important contributions 
made during the preceding 20 years. The first pub- 
lished evidence of the industrial use of these methods 
appeared in the Bell System Technical Journal in the 
early 1920’s, and there is evidence that they were also 
being introduced in at least two large organisations in 
Great Britain. Sampling clauses indicating a growing 
appreciation of statistical concepts appeared in British 
Standard specifications published in the period 1924- 
1934 and the publication in 1935 of British Standard 
No. 600, “The Application of Statistical Methods to 
Industrial Standardisation and Quality Control,” 
epitomised the position at the time. Although a number 
of useful papers arising out of industrial experience 
were published in the journals of several engineering 
institutions and in the supplement of the Journal of 
the Royal Statistical Society during the period 1927-1939, 
it appears that only a few British manufacturing 
organisations were using the methods prior to the war- 
time activity referred to above. In spite of the war-time 
stimulus, factories using formal statistical methods, 
either in manufacture or research, are still exceptional, 
and this alone will provide justification for this subject 
forming part of the deliberations of the Engineering 
Section of the British Association. 

In this necessarily brief expository review of the 
scope of statistical methods in relation to the engineer- 
ing industry we shall give a broad interpretation to 
“engineering.” We think this is desirable because 
of the widespread utilisation of semi-automatic and 
automatic machinery in industries which would perhaps 
not normally be considered as falling within the 
description “engineering industry.” We think the 
correctness of this view will be demonstrated in the 
section of this paper which describes the part that 
statistical methods can play in appraising the quality 
performance of a machine or process. 

For convenience, and in order that it shall co-ordinate 
later papers presented to this session, this review is 
divided arbitrarily into two main sections described as 
“routine” and “ investigatory’ and each of these 
sections is sub-divided under the descriptions “ product 
inspection ” and “ process performance.” 

The fundamental concept underlying many of the 
statistical methods here considered is that if repeated 
observations are made of some quantity the value 
of which is affected by a large number of small chance 
causes, then the results when collected tend to be 
ty about a central value and become progressively 
less frequent as the difference from this central value 
increases. Such a distribution can be described 
numerically in two ways, illustrated in Fig. 1: (a) in 
terms of a measure of general magnitude and a measure 
of spread, and (b) in terms of proportions outside a 
specified limit or limits (proportion “ defective ”). 

The usual measure of general magnitude is the 
average or arithmetic mean and the measure of spread 
is the standard deviation, which is the square root 
of the average squared deviations from the arithmetic 
mean. The determination of the precise shape of the 
distribution curve for the results ol chuarvethian made 
on articles produced under a particular set of conditions 
demands an extremely large number of observations, 
but in industrial practice it is not usually possible to 
obtain so many results without some extraneous factor 
disturbing the conditions. In these circumstances a 
second statistical concept is appropriate, namely, 
that an estimate can be made of the distribution of the 
bulk (or population) from the properties of samples 
selected at random from it. The appropriate proper- 
ties of the results for samples are the average for the 
measure of genera] magnitude and the range (difference 
between highest and lowest values) for a measure of 
spread, The data needed to relate the characteristics 
of measurements made on samples to the characteristics 
of the bulk are available in published tables. For 
example, if ten samples each containing four individuals 
are measured, the a of all the samples provides 
an estimate of the average of the bulk and the standard 
deviation of the bulk can be estimated by dividing 
the average of the ten values of range derived from the 
samples by the factor 2:06. Further, the degree of 
confidence which should be placed on these estimates 
can be determined by statistical methods. Similarly, 
if, for convenience, the bulk distribution is described 


* Paper read at a joint meeting of Section G and Sec- 
tion A* (Mathematics) of the British Association, at 
Brighton, on Monday, September 13, 1948. Abridged. 
Communication from the staff of the Research Labora- 
tories of the General Electric Company, Limited, Wem- 
bley, Middlesex. 











in terms of a poet defective, or if it is so described 
because the quality of the product cannot be measured 
on a continuous scale, then an estimate of this propor- 
tion is the average —— defective found in a 
number of samples of equal size. For example, if ten 
samples of 20 contain a total number of 12 defectives 
the estimated proportion in the bulk is 6 per cent. 

The everyday use of the results of observations on 
samples to guide judgment involves a third statistical 
concept in order to make proper allowance for the 
inevitable variability which will be found between the 
results of samples drawn from the same bulk. This 
inevitable variability is present both in the average 
values for the different samples and in the degree of 
variability in the individual results comprising a 
sample. Similarly, the number of defectives found 
in a sample will vary from sample to sample. The 
data concerning the degree of variability which is 
inevitable between the results of samples drawn from 
the same bulk are also contained in published tables. 
These tables enable the engineer to e due allowance 
for this characteristic feature of the results for samples 
when the latter are used to guide the formation of 
technical or executive opinion. The practical methods 
by which these allowances are made will be referred 
to in later sections of this paper. 

The acceptance inspection of products is fre- 
quently the most suitable method for introducing the 
industrialist to statistical techniques, because it is 
traditional practice to inspect the product after fabrica- 
tion to determine whether it is acceptable or needs 
correction or has to be scrapped. Further, it is con- 
venient because the inspection of incoming materials or 
components will continue to be emphasised until the 
methods described below are in more general use, 
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thereby enabling evidence of the quality of the product 
concerned to be made available to the purchaser and 
the need for acceptance inspection to be considerably 
reduced. The application of statistical principles to 
the inspection of products reduces the labour of inspec- 
tion in appropriate circumstances by substituting the 
inspection of samples for the usual 100 per cent. inspec- 
tion. However, it is obvious that inspection of a 
product after manufacture has only an indirect influence 
on reducing waste of material and labour, and that 
greater economies can be effected by utilising inspection 
during manufacture to ensure that the process is 
operating in such a way that the product will be 
acceptable. 

Before considering modern inspection schemes it is 
necessary to refer to the usual assumption that 100 per 
cent. inspection provides for the complete elimination 
of defective material. In practice, because of inevitable 

i between testing methods, gauges and per- 
sonnel, unanimity of opinion after 100 per cent. inspec- 
tion is not consistently attainable. the authors’ 
opinion, for a class of goods which serve as com- 
ponents to assemblies, if the proportion of unsatisfac- 
tory product can be reduced to less than 1 per cent. it 
constitutes a ical in tation of “ no defectives 
to specification.” If this be accepted, then the modern 
acceptance inspection schemes can be made of more 
general application than if a strict interpretation of 

“no defectives” be arbitrarily adopted. Further, it 
should be noted that if inspection schemes which involve 
less inspection can be adopted it is likely that the 
inspection of the smaller amounts of material will be 
more effectively carried out than under the conditions 
of fatigue and Landon imposed by continuous 100 per 
cent. inspection. 

Acceptance inspection can be conveniently divided 
into two classes. To one class belong those methods 
by which a batch or consignment of is accepted 
or rejected, and to the other class belong those schemes 





by which the amount of unsatisfactory material in a 
batch or consi t is reduced to an acceptable value. 
This latter class has been called “ Rectifying Inspection 
Schemes,” the former being referred to as “‘ Acceptance 
Sampling Schemes.” 

The acceptance sampling schemes are best suited 
to those products where the cost of inspection is 
high or where inspection is particularly incon- 
venient. If it be insisted that the consignment contain 
no unsatisfactory product, no sampling scheme is 
applicable. Further, should evidence _ available that 
the quality of the material is controlled at a satisfactory 
level then acceptance sampling schemes are, strictly 
speaking, unnecessary and only occasional check testing 
by relatively small samples is desirable to promote 
confidence in the evidence of control. Similarly, if 
there is evidence that the uct is in control but that 
the proportion of unsatisfactory material is too high, 
the product is unacceptable, and acceptance sampling 
schemes should not be used. If used, they would on 
occasion accept batches which were of no better quality 
than those rejected. Acceptance sampling schemes are 
applicable when a product is acceptable which contains 
Jess than a defined proportion of unsatisfactory material 
and the quality of the batches offered may be better or 
worse than that required. However, it should be 
remembered that in schemes of this kind involving the 
acce ce or rejection of batches of material on the 
result of testing samples, batches containing too much 
defective material will occasionally be accepted, and 
conversely satisfactory batches will occasionally be 
rejected. Such risks are inherent in all sampling 
schemes but their magnitude can be defined on statistical 
principles. 

Acceptance sampling schemes can be broadly classi- 
fied as “ single,” “‘ double,” and ‘‘ sequential.” Single 
and double acceptance sampling schemes have been in 
use for some time, whereas sequential schemes have 
been recently developed, both for acceptance sampling 
and rectifying inspection, largely by Professor Barnard 
when working in the Ministry of Supply ; similar work 
was done independently by American statisticians at 
about the same time. Of the various acceptance 
sampling schemes the simplest in operation are those 
where a decision is arrived at after a single sample has 
been inspected. The other schemes show advantages 
in cost of inspection for a given guarantee of quality, 
but additional organisational costs tend to be associated 
with their use. However, these schemes frequently 
appeal to manufacturers because additional tests are 
made before deciding on rejection. This may tend to 
encourage their use more than may be economically 
justified. Hence, in all cases where acceptance sampling 
schemes are applicable, each problem should be con- 
sidered on its merits, but schemes based on statistical 
principles will enable correct appraisement to be made 
of the economy involved. 

The fundamental distinguishing feature of recti- 
fying inspection schemes is that they aim at accepting 
as much as possible of the material produced. They 
are suited to those products which are easily and 
economically tested or for which the demand con- 
siderably exceeds the supply. These schemes are not 
applicable if no unsatisfactory articles can be accepted, 
and are unnecessary should evidence be available that 
the quality of the material is controlled at an accept- 
able value, in which case only a relatively small 
amount of check testing is necessary. Possibly the 
simplest application of a rectifying inspection scheme 
would be to a controlled product for which evidence 
is available that it contains a higher proportion of 
unsatisfactory material than is acceptable. In such 
cases, it is obvious that by inspecting a sufficient propor- 
tion of the product, and removing the unsatisfactory 
articles, the proportion of unsatisfactory articles in the 
accepted material can be reduced to the required value. 
Rectifying inspection schemes are applicable when the 
quality of the batches offered varies and may be 
better or worse than that required. A simple scheme 
consists of examining a sample of etermined size 
and on the result of this examination deciding whether 
to accept, without test, the remainder of the batch, 
or to subject a sufficient proportion, or all of the 
remainder, to 100 per cent. ae cane 

An example of such a simple rectifying inspection 
scheme was described in detail by Dodge and Romig 
in 1929. The same authors have since published a 
double sampling scheme which effects further economies 
in inspection, particularly when the batches are large 
and the proportion of defective material is small. 
The value to the industrialist of the schemes described 
by Dodge and Romig resides in the thoroughness with 
which they have been prepared, the ready availability 
of the tables,* and in the approval with which they have 
been met where they have had considerable use in 
industry. As already indicated, some rectifying 
inspection schemes have more recently been suggested 
which are referred to as “ sequential” schemes, but 





* Sampling Inspection Tables, by H. F. Dodge and 
H. G. Romig, Chapman and Hall, London. 
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they are not readily available in a form suited to use 
by the industrialist and for that reason there is little 
practical experience with such inspection schemes. 

Quality Performance of Processes.—The word “ pro- 
cess” is used advisedly. In this connection, a pro- 
cess is an operation which yields a product to which 
@ measure of quality can be applied, the results of such 
measurements being amenable to pictorial presentation 
in the form of a chart and/or to statistical treatment. 
For example, a lathe can be used for turning a cylin- 
drical body, boring a hole, or cutting a length ; the kind 
of tools and the method of holding them may vary, 
and the operation may be carried out automatically 
or through the medium of operators. Each of the 
possible combinations may be considered as a process 
and the production engineer needs to know the quality 
performance of the process and in particular the 
variability associated with it. Hence the industrialist is 
primarily concerned with manufacturing processes set 
up to achieve definite objectives and a method is needed 
for measuring the quality of a process and for deter- 
mining whether or not it is constant or stable as manu- 
facture proceeds. The statistical technique commonly 
referred to as “‘ Quality Control ” satisfies these require- 
ments. This technique concentrates attention on the 
processes and utilises the broad statistical principles 
referred to earlier in this paper. 

As the quality characteristic of an individual speci- 
men of a product can be expressed in two ways, either 
by describing it as satisfactory or defective to a standard 
or, alternatively, by direct measurement, there are 
consequently two methods of describing the quality 
characteristic of a process: by the fraction or propor- 
tion defective and by the frequency distribution of the 
results of individual measurements. These quality 
characteristics of a process can be expressed numeric- 
ally: the fraction defective usually as a percentage 
and the frequency distribution of measurements by the 
central value (average value) and by a measure of 
spread or variability (standard deviation). In the 
practice of Quality Control technique a standard 
quality characteristic for a process is estimated from 
the examination of a sequence of small samples selected 
while the process is operating in a manner which is 
considered satisfactory by competent technical staff, 
without the necessity of actually measuring sufficient 
product to determine directly the quality characteristic. 
The number of defects observed in each sample or, 
where direct measurement is the criterion, the average 
value and range covered by the results in each sample, 
are noted and by the use of simple rules and tabulate 
data* a numerical estimate of the quality charac- 
teristic of the process is made from a sequence of 
10 to 20 samples. Whether or not the quality charac- 
teristic remains constant, i.e., whether or not the process 
is stable as time proceeds, is determined by continued 
inspection of similar small samples selected at approxi- 
mately re intervals, Comparison with the 
established standard, expressed numerically, is made 
by plotting these omen results on control charts. 
On these charts are indicated the standard values of 
quality together with limits appropriate to the amount 
of variability which is inevitable in the results for such 
samples selected at random from a bulked product of 
standard quality, thereby providing the means of mak- 
ing due allowance for the variability inherent in the 
results for samples. These limits are introduced to 
assist in differentiating between apparent differences 
which would be present in the results for samples 
selected from the product even if the process continued 
to operate in its normal manner, and real differences 
in the results which should be regarded as due to 
changes taking place in the process. The foregoing 
discussion is illustrated by the following examples :— 

Quality Characteristics of Processes.—Fig. 1, page 405, 
illustrates in an idealised form the quality characteristic 
(frequency distribution) of a process. The average and 
standard deviation, or the proportion defective, by 
which the characteristic can be expressed, and the 
values of the average and range for a typical sample are 
indicated. Fig. 2 illustrates the quality characteristics 
of typical processes, associated with the manufacture 
of fractional horse-power electric motors, in the form 
of frequency distributions. The corresponding esti- 
mates of the numerical values of these characteristics 
are stated. 

Quality Control Chart for “‘ Defectives.”—The num- 
ber of defectives found in a sample of 100 articles 
selected from successive batches of incoming com- 
ponents for inspection under an acceptance inspection 
scheme are plotted in Fig. 3. The standard quality 





* B.S. 600R-1942, “ Quality Control Charts,” by B. P. 
Dudding and W. J. Jennett. (British Standards Institu- 
tion, London); ‘“‘ Quality Control Chart Technique when 
Manufacturing to a Specification,”’ by B. P. Dudding and 
W. J. Jennett (The General Electric Company, Limited, 
London); “A First Guide to Quality Control for 
Engineers,’”’ by E. H. Sealy (H.M.S.O.); and B.S.1313, 
“ Fraction-Defective Charts for Quality Contro] ”’ 
(British Standards Institution, London). 
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characteristic was set at 1 per cent. defective. This is 
indicated by the full line on the chart, and the appro- 
riate control chart limits are indicated by dotted lines. 
he chart shows that the quality of the product was 
initially satisfactory, that it deteriorated but subse- 
quently improved. The estimated quality characteris- 
tics for the three periods are indicated. 
Quality Control. Chart for Measurements.—In Fig. 
4 the average and range (difference) of the tensile 
strength test results of samples of two lengths of metal 
wire selected daily before and after an annealing process 
are plotted. The standard values of the respective 
process characteristics are shown as full lines on the 
charts for average and range together with the appro- 
priate limits for a sample of two specimens. The 
estimated process characteristics corresponding to these 
standard values are shown as frequency distributions. 
The charts show that all the processes prior to the 
annealing process and the annealing process itself are 
stable both in res of central value and variability ; 
that is, the variability in the results of tests made during 
a period of about three weeks was no greater than would 
be experienced if a corresponding number of sample 
selections had been made from one day’s product. As 
expected on technical grounds, the average strength 
of the annealed wire is less than that of the un-annealed 
wire, but these charts show that the annealing process 
greatly improves the uniformity of the product, the 
object for which it was introduced. 
Fig. 5 shows a control chart for measurements of 





eccentricity of small finish-turned rotors of fractional 
horse-power motors. Eccentricity of rotor affects 
some of the characteristics of the finished motor and 
during the period preceding that shown on the chart, 
modifications of the process were made until a satis- 
factory standard value of the average eccentricity 
was attained. The adjustments made to the process 
in order to maintain control are noted on the chart. 
On the right of the chart the first results obtained 
after making another technical change in the process 
are included to illustrate when alteration of the 
control limits to correspond to a better level of quality 
is appropriate. As a matter of interest, the average 
level attained by the use of a fundamentally different, 
but more expensive, method (grinding), is indicated. 

Fig. 6 illustrates the control chart for another process 
associated with the manufacture of the same article and 
concerns the diameter of bore of sleeve bearing. 
It is an example of the process variability being 
sufficiently small compared with the specified tolerance 
to allow of some variation in average level. This is 
catered for by the use of “ modified ” control limits for 
the sample averages, which are wider than the strict 
control limits, and are directly related tothe limits 
specified for individual specimens. 

The foregoing discussion and illustrations support 
the contention that quality control technique provides 
information on the state of processes and demonstrates 
why the estimates of the quality characteristics of pro- 
cesses are of value although the processes are not used 
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for long runs on precisely the same kind of article. 
To emphasise this feature of quality control technique 
a summary of the numerical values of process varia- 
bility (the standard deviation of the quality characteris- 
tics) for a variety of processes is given in the follow- 
ing :— 

(i) Standard deviation of diameter of the body of a 


small shell turned on multi-spindle lathes. (Average 
value, approximately 1 in.) 
Tooling method A, machine No. 1 0-0015 in. 
Tooling method A, machine No. 2 0 -0064 in. 
Tooling method B, machine No. 1 0 -0092 in. 
Tooling method B, machine No. 2 0-0142 in. 


The information on variability contained in such a 
concise presentation of data as the above will be of 
obvious value to those concernd with design, produc- 
tion planning, machine maintenance and purchase. 

(ii) Standard deviation of weight of coating sprayed 
ona small component before assembly. (Average value, 
approximately 5 mg.) 


Process as first set up 0-45 mg. 
After intensive study to improve the 
process 0-08 mg. 


(iii) Standard deviation of monthly loss in percentage 
units of a main component during an assembly process. 
(Average value, approximately 5 per cent.) 

From daily records kept by manufacturing groups— 
average over all groups—0 -10 unit per cent. 

From records of overall supply of components and 
stock of assemblies kept for the purpose of cost ac- 
countancy—0-55 unit per cent. While the different 


nature of the two methods of obtaining these data 
could be accepted as sufficient reason for the difference 
in the two values of variability they nevertheless indi- 
cate that individual monthly losses obtained for cost 
purposes cannot be considered as wholly determined by 





conditions of manufacture during corresponding periods, 





It is not possible in a brief review to describe fully 
the applications of quality control technique at the 
various stages in the manufacture of an engineering 
product involving a number of processes. It is hoped, 
however, that the examples chosen will serve to illus- 
trade how a relatively small amount of sample inspec- 
tion carried out at various stages of the manufacture 
serves not only to provide information to guide the tech- 
nical control of the processes concerned, but also serves 
to exert control on important functional characteristics 
of the final product. It is also claimed that such 
methods provide assistance of a kind not inherent in 
the normal methods of technical control. The factual 
record of events occurring during the operating of a 
plant presented by quality control charts is of profound 
value. This record reduces, if it does not eliminate, 
incorrect adjustments made by reason of faults of 
memory wrongly associating cause and effect. Where 
production difficulties are encountered, the existence 
of quality control charts makes it more difficult for 
those responsible for a process to camouflage the real 
origin of the trouble by plausible, though often specious, 
argument in order to concentrate inquiry or to place 
blame elsewhere. Experience has shown that in the 
long run the establishment of quality control technique 
in a manufacturing organisation improves the relation- 
ships between the individuals concerned. Inspectors at 
all levels who, under the old regimes, are primarily con- 
cerned with “‘ scrapping ” product and are a source of 
criticism of the production effort, come to be recognised 
as providing direct assistance to the manufacture of 
acceptable product. Again, as manufacture is fre- 
quently organised in sections, the end product of one 
section serving as the starting material for another, the 
exhibition of the control charts for the various manu- 
facturing stages creates a better mutual understanding 
between the responsible technicians in the sections and 
promotes a sense of joint responsibility in a common 
task. Stated in another way, the practice of quality 








a 





control corrects tendencies for local measures of quality 

and efficiency in sections to be set up which are not 

consistent with the manufacturing efficiency of the 
isation. 

Quality control becomes a common language for all 
concerned in the factory, from the operator, through 
all degrees of supervisory staff, to the executive manage- 
ment, While operators are not called on in any way 
to understand the details of control chart technique 
they quickly appreciate its objective, and experience 
has repeatedly shown that considerable improvements 
in quality result, not by reason of technical changes, but 
solely by interest created in tasks which may otherwise 
provide little satisfaction to the operator other than 
that associated with the pay ket. The existence 
of a common language in the form of a control chart 
helps operators to appreciate the essential part they 
play in the manufacture of a product which will give 
satisfaction in service. Similarly, the executive man- 

ment is not called on to be familiar with the details 
of the quality control chart technique, but to compre- 
hend the principles which govern its operation in order 
to make wise provision for its application because of 
the part it plays in co-ordinating the efforts of the manu- 
facturing force to achieve the economic production of a 
satisfactory product. 


(To be continued.) 





CATALOGUES. 


Radio Transmitting and Receiving Valves.—Messrs. 
Marconi’s Wireless Telegraph Company, Limited, Chelms- 
ford having recently issued pamphlets giving technical 
data of the various types of transmitting and receiving 
valves manufactured by them. 


Induction Melting Furnaces.—F ull details of the Birlec- 
Northrup high-frequency melting furnaces for the treat- 
ment of carbon and alloy steels, cast iron, copper, brass, 
bronze, nickel and nickel alloys and precious metals are 
giver in a catalogue published by Birlec, Limited, 
Tyburr-ica4, Erdington, Birmingham, 24, who manu- 
facture these furnaces. Various types are available for 
different applications and with outputs ranging from 
125 lb. to 3,500 Ib. an hour. 


Rotary Straining Plant.—A third edition of a booklet 
issued by Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock, gives particulars of recent advances in the 
design and application of Glenfield automatic self-clean- 
ing rotary strainers, especially for the treatment of 
potable and industrial water supplies and effluents. A 
micro-straining fabric, with apertures of only 20 to 
65 microns, has been developed and patented recently 
and is now widely used. 


Friction Fabrics.—Messrs. Small and Parkes, Limited, 
Hendham Vale Works, Manchester, 9, manufacturers of 
“Don ” brake and clutch linings, have issued a booklet 
on their industrial friction fabrics. It includes brief 
illustrated descriptions of the characteristics of the 
standard qualities, recommendations on the use of fabrics 
for various types of brakes and clutches, and a list of the 
depots throughout the country equipped with brake and 
clutch-relining machinery. 


Gears and Steel Castings.—An informative book has 
been issued by Messrs. P. R. Jackson and Company, 
Limited, Salford Works, Hampson-street, Manchester, 5, 
dealing with their works and products. The firm, which 
is a subsidiary of Messrs. David Brown and Sons (Hud- 
dersfield), Limited, has well-equipped foundries for the 
production of castings in plain or alloy steel from acid 
open-hearth furnaces. Their other principal work is the 
manufacture of heavy gears and gear units, including 
machine-moulded cast gears and machine-cut gears. 
Much useful technical information on gears is given in the 
book. 


Remote Indication and Centralised Control.—Details of 
the systems of remote indication and control designed 
and constructed by them are given in a booklet recently 
issued by Messrs. Evershed and Vignoles, Limited, Acton- 
lane Works, Chiswick, London,. W.4. The apparatus 
incorporates a transmitter which is connected by pilot 
lines to receivers consisting either of the indicating or 
recording instruments or of relays which, by regulating 
pneumatically- or electrically-operated valves, enable 
pressures, levels or rates of flow of liquids or gases to be 
controlled. 

“ Phasing-Out ”’ Equipment.—A pamphlet recently re- 
ceived from Messrs. Ferranti, Limited, Hollinwood, 
Lancashire, describes the combination of high-voltage 
indicators and intermediate electrostatic voltmeter de- 
signed for facilitating the ‘‘ phasing out’ of 11-kV and 
33-kV systems. The high-voltage indicators are mounted 
on spikes, which are applied to the connections that 
are to be tested and to the electrostatic voltmeter, a 
zero reading on which indicates that the connections are 
at the same potential and in phase. This voltmeter is 
mounted on a desk stand and the whole equipment is 
safe and portable. 
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ANNUALS AND REFERENCE BOOKS. 


Birmingham Exchange Directory, 1948.—This year’s 
Directory of members, subscribers and representatives 
of the Birmingham Exchange has recently come to 
hand. The main sections are an alphabetical list of 
members and subscribers with their postal and tele- 
graphic addresses, telephone numbers and the names 
of their representatives, and an alphabetical classifi- 
cation of professions and trades. Shorter sections deal 
with the origin and development of the Exchange 
and its by-laws, while a catalogue of books, directories 
and periodicals contained in the reference library is also 
included. Copies of the Directory and further particu- 
lars regarding the activities of the Exchange may be 
obtained on application to the secretary, Stephenson- 
place, Birmingham, 2 

Gateway to the North-East: Port of Tyne.—The 
nationalisation of port and harbour facilities may effect 
the cost of their operation, but it is not likely to alter 
for some time the facilities available; and, in any 
case, there are many other services which must remain 
in private ownership. This new handbook on the 
resources and possibilities offered by the River Tyne 
and the man‘ ing district of Tyneside is not only 
a thoroughly practical work of reference, but is a 
notable record of the work that the River Tyne Com- 
missioners have done to transform a shallow tidal 
estuary—in which mudbanks dried at half-tide within 
the memory of persons still living—into a deep-water 
harbour, fully equipped with shipbuilding, ship-repair- 
ing, engineering, storing and handling, and other 
services suitable for almost any type of ship or cargo. 
The handbook is well illustrated, and there are some 
excellent folding and other diagrams showing the 
location of docks, quays, shipyards, engineering works, 
etc., as well as particulars ofa river dues chargeable, the 
lifting capacity of cranes, etc. Copies are obtainable 
from the Tyne Improvement Commission, Bewick- 
street, Newcastle-upon-Tyne. 

Rolls-Royce Conversion Tables.—The necessary, and 
often irritating, task of converting British and American 
units to the metric system should be simplified by the 
Conversion Tables which have been issued recently by 
Rolls-Royce, Limited, Derby. This publication com- 
prises a general index, which includes definitions and 
conversion factors, and a series of tables setting out a 
number of equivalents for units of length, area, volume, 
weight and temperature in the two systems. These 
tables are arranged in three columns on unusual lines. 
The middle column contains the digits from 1 to 100 
with the equivalents in the metric system and in the 
British system in the left and right columns, respec- 
tively; for instance, in the “ centimetres-inches ” 
table, the digit 2 in the central column is on the same 
line as 5-08 in the left-hand column and 0-7874 in the 
right-hand column, thus indicating that 2 in. is equiva- 
lent to 5-08 cm. and 2 cm. to 0-7874 in. The same 
system is followed in the kilogrammes per square 
millimetre and tons per square inch table, where the 
digits 26 are on the same line as 40-95 kg. per square 
millimetre in the lift-hand column and 16-51 tons 
per square inch in the right-hand column. The system 
is, at first sight, not without its complications, but aero- 
nautical engineers, for whom the book is primarily 
intended, will probably agree that these are outweighed 
by its undoubted utility. 

Universal Directory of Railway Officials and Railway 
Year Book, 1948-1949.—The nationalisation, on Janu- 
ary 1, 1948, of the United Kingdom main-line railways 
and London Transport, as well as docks, inland water- 
ways and other services, has necessitated drastic 
revision of the 54th annual edition of the Universal 
Directory of Railway Officials and Railway Year Book, 
which was published recently. Moreover, nationalisa- 
tion in other parts of the world has resulted in few 
privately-owned railways of major ——— remain- 
ing, outside the North American Continent, while 
political changes have also affected the railway situation 
in various parts of the Empire. - In view of all these 
changes it has been decided to re-cast the order of the 
entries in the directory sections of the book into two 
main divisions covering, respectively, the British Com- 
monwealth (regardless of Dominion of Colonial status) 
and foreign countries. Each of these two divisions is 
again sub-divided geographically into continents, as 
follows : Europe, Asia, Africa, Australia and New Zea- 
land, North America, and South and Central America. 
As heretofore, in addition to lists of officials, the infor- 
mation given for each railway includes the mileage and 
gauge, the numbers of the locomotives, carriages and 
wagons in service, brief historical and general particu- 
lars, and financial data. The statistical and other 
information contained in the Year Book, much of it in 
tabular form, has been revised and brought up to date, 
and, as has been the rule for many years past, a general 
index, an index to countries, and a personal index of 
railway officials are provided. The book is published, 
price 30s., by the Directory Publishing Company, 
Limited, 33, Tothill-street, London, 8.W.1, 
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FURNACE APPARATUS. 

600,436. Electric Billet Heating. The English Electric 
Company, Limited, of London, and K. F. Barlow, of 
Preston, Lancashire. (2 Figs.) November 7, 1945.— 
The invention is an electric billet-heating machine in 
which a billct is gripped between the opposing faces of 
axially spaced electrodes and heated by passing current 
through it. One electrode can tilt to allow efficient 
contact to be made with a billet the ends of which are 
not square. Two opposed electrodes 1 and 2, screwed 
into holders 3 and 4 respectively, are arranged to grip a 
billet 5 between their contact faces 1a and 2a when 
pressure is applied to a ram 6 moving in the hydraulic 
cylinder 7. The holder 3 is resiliently attached to a 
backing plate 8 carried on the machine frame 9, while 
the holder 4 is resiliently attached to a backing plate 10 
carried onthe ram 6. Resilience is obtained by a number 
of circumferentially spaced helical compression springs 
11 and lla and each holder 3, 4 is attached to the 
corresponding backing plate by studs 12 passing through 
relatively large clearance holes 13 in the two backing 
Plates. The electrode 1 has a groove 1b around which 
cooling fluid is circulated and subsequently exhausted 
A similar groove 2b is provided in the electrode 2. 


























There are flexible connections between the electrodes 1 
and 2 and the backing plates 8 and 10, respectively. 
Mounted on the backing plate 8 is a push-button switch 
22, the push button of which is shown at 23, controlling a 
relay 24 in the circuit between the source of supply 25 and 
the electrodes. The push button is actuated by a lever 26 
pivoted on an adjustable sleeve 27 and biassed in the 
upward direction by spring 28. The sleeve 27 is carried 
on a stud 29 attached to the holder 3 and extending 
through a hole 30 in the backing plate 8. With the 
holder 3 in the position shown, the switch is in the open- 
circuit condition and the lever 26 engages a stop 31 on the 
switch 22. If for any reason an excessive pressure is 
applied to the billet, causing the springs 11 and 1la to 
compress beyond their normal working range, the result- 
ing further upward movement of the holder 3 causes the 
lever 26 to engage the stop 32 which now acts as a fulcrum 
for the lever. The part of the lever engaging the push 
button 23 now moves in the opposite direction to dis- 
engage the push button whereby the switch 22 opens its 
contacts and the relay 24 breaks the power supply to the 
electrodes 1 and 2. (Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


601,894. Cylinder for Internal-Combustion Engine. 
H. R. Ricardo, of London. (3 Figs.) October 10, 1945.— 
The invention is a form of cylinder for an internal- 
combustion engine, its objects being to ensure more 
efficient cooling of the cylinder barrel in the neighbour- 
hood of the head, and to simplify casting. The cylinder 
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block A has along its lower half a passage B for the distrj- 
bution of water to the several cylinders. The head A! 
of the cylinder is integral with the barrel A and the 
upper half of the cylinder block is formed with a water. 
jacket C cast integrally with the block. Within the water 
space thus formed are inlet and exhaust passages of 
suitable shape and leading to ports in the cylinder head, 
these ports being controlled by poppet valves in 4 
normal manner. Within the cylinder block A is a liner F, 
and between its exterior and the wall of the cylinder 
block is a coil of wire or rod G of square section. This 
coil lies throughout its length close to, but not necessarily 
in actual contact with, either the inner surface of the 
n | Cylinder barrel or the outer surface of the liner and forms 
a helical water passage H through which the coolant 
will flow at high velocity round the outside of the 
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liner. This helical water passage communicates at one 
end by a passage B! with the water distribution gal- 
lery B and at the other end with the water space C 
in the cylinder head. The connection to the space © 
in the cylinder head consists of a chamber J formed at 
the side of the head and closed in by a cover plate J'. 
Tubes J* and J* lead respectively from the upper end 
of the helical water space H into the lateral chamber J 
and from this chamber to the water space C. The tubular 
passage J* is arranged so that a stream of water at high 
velocity will be directed from it between the inlet and 
exhaust valves and the passages leading to the valves, 
of which the exhaust passage E is seen in the drawing. 
The liner F is held in place in the cylinder block A by 
a ring K resembling a gland and comprising a cylindrical 
portion with a flange K! at its outer end. (Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


601,494. Feed Mechanism for Guillotine. Strachan 
and Henshaw, Limited, of Bristol, and E. J. Knight, of 
Bath. (3 Fiys.) October 3, 1945.—This invention is a 
feed mechanism for guillotines of the type in which the 
material to be cut is supported on a table and fed beneath 
the cutter die. Its object is to ensure the cutting off of 
accurate lengths of material. A flexible sheet A is 
secured at one end to an adjustable back gauge B. The 
other end of the sheet passes over a drum C and is 
connected to a crossbar D by a number of tension springs 
E. The required tension is maintained on the sheet A 
by means of a chain F, which passes over idler sprockets 
G, one of which is shown, one end of the chain F being 
secured to the crossbar D, and the other end to an 
anchor pin H which is attached to the machine frame. 








Two idler sprockets J (only one of which is shown) 
are allowed to rotate in their fixed bearings, whereas 
a third idler sprocket K, to which is secured a balance 
weight L, is movable so that the balance weight can 
be effective. The chain gear described is fitted to 
each side of the machine. The forward and backward 
adjustment of the back gauge B is controlled by the usual 
lead screw drive operated by a handwheel M. N indi- 
cates the guillotine knife and O the platen. One of 
the advantages of this movable table top over existing 
fixed tables is that the frictional resistance of the work 
on the table when the back gauge is in operation, is 
eliminated, thereby eliminating many of the difficulties 
experienced in cutting to an accurate register, (Accepted 
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COUNTERBALANCE TESTS 
ON AMERICAN HIGH-SPEED 
LOCOMOTIVES. 


(Continued from page 362.) 


Tue general characteristics of the average maxi- 
mum lateral blows on the track, in relation to the 
various wheels of the 4-6-2 locomotive, travelling 
at high speed, are shown graphically in Fig. 11, 
on this page. The range and distribution of the 
forces were, on the whole, fairly similar to those 
due to the I.C.R. 4-8-2 locomotive, though the peak 
force to the left under the rear driving wheel of that 
engine amounted to 12,600 lb., whereas, in the 
4-6-2 engine, the greatest forces to the left all 
occurred under the trailing carrier wheel. With both 
engines, large proportions of the lateral forces were 
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directed to the left-hand side ; and, although those 
produced by the coupled wheels were about equally 
distributed to right and left, the tendency of the 
leading and trailing wheels to bear to the left was 
quite marked. No general trend was observed for 
lateral force to vary consistently with the amount 
of reciprocating compensation. The individual 
records, especially for the test runs in series 2, re- 
vealed a two-cycle reversal of lateral force from 
left to right during each revolution of the main 
driving wheels. This was similar, and similarly 
explained, to the effect noted for the 4-8-2 engine, 
and the progressive decrease in amplitude of the 
two-cycle fluctuation with decrease of reciprocating 
compensation from series 2 to series 6 was consistent 
with the associated vertical amplitude in the motion 
of the main driving wheels. 

The third programme of trials was carried out in 
August, 1942, on a Hudson-type (4-6-4) locomotive, 
No. 3457, of the Atchison, Topeka and Santa Fe 
Railway Company. Originally built, in 1927, by 
the Baldwin Locomotive Company, it had Wals- 
chaerts valve gear and heavy revolving and recipro- 
cating parts of conventional type. The leading 
bogie truck and trailing truck were both of the 
Commonwealth pattern, fitted with a rocker type 
of lateral resistance device. Leading particulars of 
the locomotive, relevant to the experiments, are 










summarised in Table VIII, for comparison with 
those of the other locomotives previously given in 
Tables I and VI. 

Immediately prior to the tests, this locomotive 
had been operating with nominally 33} per cent. 
reciprocating compensation equally divided among 
the coupled wheels, the main driving wheels having 
the A.T. & S.F. Railway Company’s disc-type cross- 
balanced centres, each having two separate lead- 
pocket counterweights, one opposite the crank, the 
other at 90 deg. to the crank. No other straight 
balanced wheel centres were available and, in 
consequence, the greatest proportion of the recipro- 
cating parts that could be balanced was about 40 per 
cent. The programme accordingly comprised five 
series of tests, in which the actual computed pro- 
portion of reciprocating counterbalance was made, 
successively, 36-9, 30-5, 27-5, 16-0 and — 6-3 per 





cent., the last being nominally zero. For the special 
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purpose of measuring the stresses in the left-hand 
connecting rod, a single sixth-series test was carried 
out with the main drivers balanced as in series 4 
and the front and rear coupled wheels balanced as 
in series 2, the total reciprocating compensation 


TaBLE VIII.—4-6-4 4.7. & S.F. Railway Locomotive 
No. 3457, in Working Order. 





Engine. Trailer. 

laating Twelve wheels.. 33 in. dia. 

w .. 87in, dia. Wheelbase .. 35 ft. 1g in. 
Cou wheels 79in.dia. Weight .- 812,180 Ib. 
Tra wheels 40in.dia. Water .. -+ 15,000 gal- 
Coupled wheel- lons 

base .. .. 18 ft. 8 in. Oil re .. 5,000 gal- 
Weight on ‘ lons 


coupled wheels 206,000 Ib 
Total weight 


Mean reciprocat- 352,600 Ib. Complete Locomotive. 
ing weight .. 1,896 Ib. Overalllength .. 93 ft, 73 in. 
Two cylinders .. 25 in. hore Maximum ht 15 ft. 9 in. 
by 28 in. Total weight .. 664,780 Ib. 
stroke Tractive effort.. 42,950 Ib. 
Boiler pressure 228 Ib. per Factor of adhe- 
sq. in, sion .. o> OMS 





being 26-7 per cent. The corresponding steam- 
pressure fluctuations in the cylinders were simul- 
taneously measured by means of magnetic gauges 
recording on oscillographs, whence it was possible 
to compare the calculated and measured values of the 
forces exerted through the connecting rod during a 








typical cycle of operations at a speed of 94 m.p.h. 
The two curves were in substantial agreement and 
exhibited characteristic shapes recognisably the 
same as thoseexemplified in Fig. 5, on page 173, an.z, 
In the case of the 4-6-4 locomotive, however, the 
cyclic variation was much more closely sinusoidal 
in shape, the “horizontal” portion, in the region 
of 200 deg. right crank angle, being much less marked 
than for either the 4-8-2 or 4-6-2 engines. It may 
be remarked, also, that the force in the connecting 
rod of the 4-6-4 engine varied over the range 
+ 85,000 lb., as compared with + 60,000 for the 
4-8-2, and 70,000 lb. tension to 60,000 lb. com- 
pression in the case of the 4-6-2. Part of this 
disparity is attributable, no doubt, to the higher 
speed (94 m.p.h.) of the 4-6-4 locomotive, since its 
tractive power was considerably less than that of 
the 4-8-2. 

The records of longitudinal (that is, fore-and-aft) 











Trailers 





Froré } | Dring Rear 


Test Series1 


“ENGINEERING” 


accelerations of the 4-6-4 locomotive revealed con- 
clusive evidence of severe impact accelerations, not 
related to the longitudinal shaking forces. In 
most other respects, however, the observations were 
generally similar to those made on the engines 
tested earlier, and call for little comment. The 
severest accelerations were in the vertical direction, 
with a maximum range of 4g at the front of the 
engine, and over 2g at the rear. Both lateral and 
vertical accelerations reached maximum values in 
test series 5, under the condition of minimum recipro- 
cating compensation, and while the riding was 
acjudged to be conspicuously bad in series -4, it 
wau so rough in series 5 that it was tiring merely to 
stand in the cab at speeds above 50 m.p.h., while 
pipe clamps, brackets, and bolts were loosened ; 
and, before the high-speed runs were completed, 
the top row of bricks in the burner wall in the firebox 
was shaken down and two studs holding the fire 
pan to the mud ring were broken. The inertia 
effects on drawbar pull were considerable and 
showed more difference due to reduction of recipro- 
cating compensation than had been expected from 
calculation. The magnitude of the roll of the engine, 
as shown by change of sprung load (amounting to 
over’21,000 Ib. at the equaliser of the main driving 
wheels), was from three to four times as great as 
that for the Soo Line 4-6-2 engine. 
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These and other effects of sprung-load variation 
accounted for some 5,000 Ib. per square inch fluctu- 
ation in the magnitude of the stresses measured in 
the base of the rail. Additional scatter of the 
observations was ascribed to rail vibrations, which 
were notably large under the left-hand rear coupled 
wheels. It was apparent that these vibrational 
stresses were not related to the counterbalancing 
of the engine wheels, although their frequency and 
amplitude was observed to be consistently greater 
during the first half-revolution of the left-hand rear 
coupled wheels than auring the second half. Only a 
few peak rail stresses exceeded 30,000 Ib. per square 
inch, and the mean maximum and minimum stresses 
under the trailing wheels were less than half the 
peak values measured under the driving wheels. 
As regards the latter, there was a progressive 
reduction in range of stress as the amount of revolv- 
ing out-of-balance was reduced. This was to be 
expected from theory; what was not predicted, 
however, was that the peaks of stress measured in 
the rails were out of phase with the maximum vertical 
component of the out-of-balance forces by about 
30 deg., lagging. In order to investigate the proba- 
bility that this lag arose from the elastic properties 
of the track itself, a scale model was made, represent- 
ing the main driving-axle assembly, incorporating 
the sprung and unsprung masses, the revolving 
unbalance and driving-wheel springs being pro- 
portioned to correspond with those of a 4-6-4 
locomotive. The assembly was mounted in a 
frame capable of vertical oscillation, resting on 
rollers attached to laminated springs designed to 
simulate an elastic track. The model axle was 
rotated at 6 to 8 revolutions per second, equivalent 
to a speed exceeding 100 m.p.h. of the full-scale 
engine. Slow-motion cinematograph pictures 
showed clearly that the maximum deflection of the 
“track” spring occurred later than the vertically 
down position of the resultant out-of-balance force 
in the wheels. 

As regards lateral forces on the track, those due 
to the wheels of the leading and trailing bogies were 
directed predominantly to the left-hand side, the 
same tendency, though to a less marked extent, 
being true of the lateral forces from the leading and 
trailing coupled wheels. In this respect, the 4-6-4 
engine behaved similarly to the 4-8-2 and the 4-6-2 
engines, and the existence of a two-cycle variation 
of lateral force due to the main driving wheels 
related to the vertical component of force in the 
connecting rod and to the skew-riding tendency 
of the driving wheels, was again noticed. For all, 
conditions of reciprocating compensation, the 
greatest lateral forces on the track were measured 
at the position of the main driving wheels, the 
maximum values being about 7,600 lb. to the right- 
hand side and 11,700 Ib. to the left, when the engine 
was in condition 2 or 3, with a good deal of un- 
balanced revolving mass. As the reciprocating 
compensation was progressively reduced, the 
lateral blows due to all the engine wheels, but 
notably those due to the main drivers, diminished ; 
without, however, any marked change in the main 
relationship between lateral force and wheel 
position. The lateral-force characteristics for the 
4-6-4 engine were in some respects so similar, while, 
in certain significant aspects, so dissimilar, to those 
of the 4-6-2 engine, that Fig. 12, on page 409, has 
been thought worth reproduction for comparison 
with Fig. 11, as well as for the intrinsic value of 
the information it presents. By contrast with both 
the 4-6-2 and the 4-6-4 engines, it may be recalled 
that, in the case of the 4-8-2 engine, the greatest 
lateral forces to right and left, respectively, were 
due to the driving and rear—that is, the second and 
fourth—coupled wheels. The four-wheeled trailing 
truck of the Santa Fe 4-6-4 engine was considered 
to have exerted an important influence on lateral 
force, as compared with the two-wheeled trailing 
trucks of the other two locomotives. 

When regard is paid to the major differences 
among the three locomotives hitherto under dis- 
cussion, the results obtained are consistent enough 
to permit several important conclusions to be 
drawn ; and, since the supplementary programme 
of tests upon twelve other locomotives was dictated 
to a considerable extent by the results and conclu- 
sions derived from the first programme, it is useful 
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at this point briefly to review the findings relevant 
to the main objectives of determining the method 
of counterbalancing and the amount of reciprocating 
compensation to give the best performance in service 
as regards both the locomotive and the track. In 
this connection, it is important to bear in mind that 
the optimum compensation is a compromise. The 
greater the extent to which reciprocating parts are 
balanced, the smaller are the longitudinal un- 
balanced forces and the smaller the disturbing 
forces tending to make the engine ride roughly and 
pull unevenly. The accelerations produced by 
these disturbances depend upon the inertias of the 
engine, in the fore-and-aft direction, and about 
axes through the instantaneous centres of rotation 
when the engine is pitching and nosing. Hence, 
for engines of broadly similar form, such that the 
manner in which the mass is distributed is substan- 
tially the same, the disturbing accelerations depend 
to a first approximation upon the mass of the 
engine, and the maximum amount of reciprocating 
unbalance that can be tolerated should be related to 
the weight of the engine in wofking order. Since 
the balancing on the two sides of the engine is, in 
general, different, the practice of the American 
investigations has been to set an upper limit to the 
weight of the unbalanced reciprocating parts, 
expressed as so many pounds per ton of weight of 
the engine in working order. 

This maximum amount of unbalance is equivalent 
to a minimum extent of reciprocating balance. On 
the other hand, a maximum extent of reciprocating 
balance is imposed by the hammer-blow, arising from 
the fact that the inertia of the reciprocating parts 
is sensibly horizontal ; and, if that inertia is balanced 
by rotating masses in the coupled wheels, the vertical 
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components of the balancing masses are unbalanced 
and tend to force the wheels up and down at every 
revolution. Since the axles are not sprung, and the 
inertia of the wheel-axle assemblies is relatively 
small, the hammer-blow, or dynamic augment, is 
not significantly affected by the mass of the engine, 
but depends primarily upon the inertia of the 
reciprocating counterbalance weight in the coupled 
wheels. The maximum amount that can be tolerated 
is limited by the additional stress which the rails 
can safely carry. Hence the practice recommended 
by the investigators has been to specify an over- 
balance force, at the maximum service speed of the 
locomotive, as great as would ensure that the track 
would not be damaged by downward forces, and 
certainly not so great as would cause the wheels to 
leave the rails during the upward part of the cyclic 
fluctuation. It may be emphasised that this per- 
missible out-of-balance or dynamic augment is 
e as a force, not as a percentage of the 
weight of the reciprocating parts. Thus, from the 
standpoint of good riding and horizontal disturbance, 
the reciprocating parts must be balanced to at least 
@ minimum extent; but, from the standpoint of 
hammer-blow and consequent track stress, the 
reciprocating parts must not be balanced (by 
rotating masses) above a maximum extent. 

The numerical limits actually recommended, and 
the reasons underlying them, are brought out in 
the following comparison summary of the experi- 
mental results. With regard, first, to the effect of 
the unbalanced portion of the reciprocating mass in 
disturbing the sprung mass of the engine, Fig. 13, on 
this page, presents the collected results for the three 
locomotives, running at high speed, in the form of 
graphs, numbered according to the test series, and 
showing the maximum range of horizontal and ver- 
tical acceleration at the front and rear end of the 
engine, plotted with respect to the reciprocating un- 
balance expressed as the ratio between the mean of 
the unbalance on the two sides of the engine and the 
weight in “short ” tons (2,000 lb.) of engine weight 
(not including the tender) in working order. Lateral 
accelerations at the front end are about equal in 
range for all three engines, are moderate in magi 
tude, and generally show only slight increases a 
the reciprocating unbalance increases. Later 
accelerations at the rear end show a slight increase 
with reciprocating unbalance in the case of the 
4-6-4 A.T. & S.F. locomotive, but not enough to 
make the range of acceleration more than moderate, 
the maximum being 1-4g. The much greater rear 
transverse accelerations, ranging from 3g to 4, 
suffered by the 4-6-2 Soo Line locomotive wer 
evidently not associated with increase of recipr- 
cating unbalance, and were attributed to the low 
lateral resistance of the trailer truck, which 
from 6 per cent. initial, up to 17 per cent. of the 
load upon the trailer wheels. The investigator 
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remarked that characteristics of the locomotive 
design Other than reciprocating counterbalance 
were predominantly influential as regards rear 
lateral accelerations. For all three engines, nosing 
couple was only moderately affected by large 
changes in reciprocating unbalance, and, even when 
the reciprocating compensation was zero, appro- 

iate design of engine and trailer trucks could 
restrict lateral accelerations within moderate limits. 
It was concluded generally, therefore, that compen- 
sation for nosing moment is of secondary importance 
in deciding the proper amount of reciprocating 
compensation. 

The ranges of vertical acceleration, shown in the 
jower portion of Fig. 13, all tend to increase with 

ter reciprocating unbalance, though not signi- 
ficantly so for the 4-8-2 and 4-6-2 engines, neither 
of which suffered severe accelerations exceeding a 
range of about 2g. The rear vertical accelerations 
for the Soo Line 4-6-2, however, were regarded as 
unreliable and are not plotted. The most striking 
graph is that for the rear end of the A.T. & 8.F. 
4.6-4, where the acceleration ranges of about 4g, 
with 9 lb. to 11 Ib. of unbalance per ton of engine 
weight, were thought to be primarily due to the 
influence of the buffing and drawgear characteristics. 
Thus, for one réason or another, the investigators 
concluded that, in the arrangement of counter- 
balancing, primary consideration should be given 
to the fore-and-aft disturbing forces, which pro- 
duced measured accelerations of moderate magni- 
tudes, but’ increasing in range with the amount of 
reciprocating unbalance; which affected longi- 
tudinal accelerations directly and vertical accelera- 
tions indirectly; and for which the measured 
accelerations corresponded closely with those based 
upon the mass of the engine and the calculated 
disturbing forces. 

The relation of unbalanced ‘reciprocating weight 
to engine weight is again the basis of comparison 
for the values, collected in Fig. 14, opposite, of 
the mean maximum range of stress in the vertical 
pedestals supporting the axlebox guides of the main 
oriving wheels. As in Fig. 13, the engines were 
travelling at high speed ; and the numbers refer to 
the test series. With one exception—the Soo Line 
4-6-2 in the sixth series of tests—the highest range 
of stress was measured in the left rear pedestal ; 
while, without exception, all the locomotives showed 
simultaneous peak values of stress in diagonally 
opposite pedestals, indicating horizontal twist of the 
driving axle, at crank angles corresponding closely 
to those for the maximum calculated nosing couple 
due to inertia of the reciprocating masses. Another 
important feature was that, on the whole, pedestal 
stresses were not excessive, regardless of counter- 
balancing, and no higher during high-speed runs 
than when the locomotives were accelerating at 
low speeds. Hence it was inferred that the stresses 
were influenced by conditions other than the magni- 
tude of reciprocating unbalance and piston thrust, 
such as clearances between the axleboxes and 
guides, and between the connecting-rod big-end 
bushes and the crankpins. 

Changes in sprung load were held partly respon- 
sible for the scatter in measured values of rail 
stress, but were deemed to have little significance 
in dictating the optimum amount of reciprocating 
compensation. As regards the quite large fluctua- 
tion of drawbar pull, observed to occur during each 
revolution of the coupled wheels, it was conceded 
that this variation was aggravated by increased 
reciprocating unbalance; but it was considered 
that the greater range of fluctuation could be largely 
offset by appropriate design of the buffing- and 
draw-gear at each end of the tender, and that, in 
consequence, the amount of reciprocating unbalance 
na have little influence on the shuttling of the 

It will be noticed, from the graphs in Figs. 13 and 
14, that the range of reciprocating unbalance 
covered by the tests on all three locomotives extends 
from 4-6 to 12-8 mean Ib. per side per 2,000 Ib. of 
engine weight. In the judgment of observers riding 
im the cab, the Illinois Central 4-8-2 engine rode 
Toughly with an unbalance of 10-4 Ib. per ton; the 
800 Line 4-6-2 was somewhat rough with 8-8 lb. 
per ton, definitely rough with 9-9 lb. per ton, and 
eriously unsatisfactory with 12-8 lb. per ton; 


while the A.T. & 8.F. 4-6-4 was rough with 9-1 lb. 
per ton and unsatisfactory with 10-9 lb. per ton. 
Further, the A.T. & S.F. 4-6-4 suffered excessive 
vertical accelerations at the rear end when the 
unbalance ratio was 9-1 and 10-9 lb. per ton. In 
no engine, however, was the riding or oscillation 
immoderate with 8 lb. per ton; and evidently the 
effect of that amount of unbalance was commensu- 
rate with the effects of inevitable irregularities in 
the track, since no significant improvement with 
still less unbalance was detectable by either instru- 
ments or cab observers. Hence the important 
general rule was formulated that the weight of 
reciprocating parts not balanced should not amount 
to more than 8 lb. per side of the engine per short 
ton of engine weight in working order. 

(To be continued.) 
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The Science and Engineering of Nuclear Power. Vol. 1. 
By CHARLES D. CORYELL and others. Edited by 
CLARK GoopMAN. Addison-Wesley Press, Incorpora- 
ted, Kendall Square Building, Cambridge 42, Massa- 
chusetts, U.S.A. [Price 7.50 dols.] e 

THE material contained in this volume and to be 
included in Vol. II, which is in course of preparation, 
was given im a series of seminars initiated at the 
Massachusetts Institute of Technology, in October, 
1946. The primary object was to present the essen- 
tials of chain-reacting systems, and to emphasise and 
explore their industrial possibilities. An admirable 
account of the fundamentals of nuclear physics 
serves as a general introduction. The size and 
properties of nuclei are discussed, including their 
cross-sections for various types of interaction 
(scattering, absorption, fission, etc.), nuclear reac- 
tions induced by neutrons, photons and charged 
particles, radioactivity and the interaction of 
radiation with matter. The extent of the data 
now available is remarkable and its accuracy, in 
many cases, is even more remarkable. Many 
computations depend on differences between the 
masses of nuclei and are only possible because 
individual nuclear masses are known to five or six 
decimal places. 

In the brief review of the fundamental fission 

process that follows, the methods of providing 

the necessary excitation energy are considered 
and information concerning the fission products 
is given. Uranium 235 is the primary nuclear fuel 
since, of all the isotopes occurring in nature, it alone 
undergoes fission with slow neutrons and, in the 
process, liberates more than one secondary neutron. 

In a chain reaction, uranium nuclei undergo 
fission and liberate neutrons. These neutrons, 
originally fast, are slowed down by a moderator 
such as carbon. The majority are absorbed by 
fresh uranium nuclei which, in their turn, undergo 
fission and emit the neutrons of the succeeding 
generation. The ratio of the number of neutrons 
in one generation to the number in the preceding 
generation defines what is termed the multiplication 
constant. In a finite pile, some neutrons are lost 
by leakage through the boundary. For a pile in 
steady state operation this multiplication constant 
is unity and this condition can be secured by the 
introduction or withdrawal of control rods of a 
material such as cadmium, which is an efficient 
absorber of low-energy neutrons. These topics are 
dealt with in chapters on neutron diffusion and 
nuclear chain reactions, which also include an 
example of the calculation of the critical size of a 
sphere of fissionable material to maintain a chain 
reaction based on certain simplifying assumptions 
and the use of reflectors to cut down this critical 
size. 

Two long and important chapters cover elementary 
pile theory, its application, and its experimental 
basis. They summarise the vast amount of work 
carried out by the enormous staffs concentrated 
on the war-time Atomic Energy Project that cul- 
minated in the successful operation of self-sustaining 
piles and the production of the atomic bomb. 
A full account is given of the developments in the 
design of ionisation chambers and counters enabling 
both fast and slow neutrons to be detected and 





measured. From neutron density measurements 





at a point in a pile the power developed by the pile 
can be inferred. Other experimental techniques 
described are those for determining the number of 
neutrons released per fission, measuring neutron 
cross sections and calibrating neutron sources. 

It was as a result of radiochemical studies that 
the fission of uranium was discovered and the 
first part of the book, which is chiefly concerned 
with the scientific aspects of nuclear power, closes 
with a chapter on the chemistry of the fission process 
and the determination of fission yields. A major 
difficulty is that chemical operations on material 
that has undergone fission in a pile must be carried 
out by remote control to avoid exposure of the 
personnel to the intense y-activity developed. 

The second part of the book, which is devoted 
mainly to the engineeri of nuclear power, 
contains four chapters on the control and operation 
of a pile, the construction of nuclear reactors, keat 
transfer, and heavy elements and nuclear fuels. 
In principle, a pile is simple to operate since the 
only variable needed to control the power developed 
by it is the neutron flux, methods for the automatic 
control of which are described. Moreover, in 
relation to the heat energy developed, its fuel 
consumption is small and requires no oxygen, while 
there is no practical limit to the temperature attain- 
able in the fission On the other hand, the 
isolation of these nuclear fuels, whether accomplished 
by physical or chemical means, requires immense 
amounts of power. The main engineering problems 
are to make efficient use of the energy released and 
to improve the shielding so as to ensure effective 
protection and at the same time reduce its weight. 
The reacting system may be homogeneous, with 
the fissionable material uniformly distributed, or 
heterogeneous, with the fissionable material localised 
in lumps in a lattice array within the moderator. 
Either fast, resonance or thermal neutrons may 
be employed. The respective features of these 
alternatives are discussed, while both impracticable 
and practical methods of designing nuclear-power 
installations are analysed and critically appraised. 
The latest available quantitative data on atomic 
masses, binding ies and cross sections are 
assembled in the form of tables and graphs in 
appendices. 

This is an absorbing and an important work con- 
taining a mass of information not hitherto available 
except in scientific periodicals and special reports. 
It fills out the details and supplies the technical 
background to the famous Smyth Report. The 
possibility of harnessing nuclear energy for 
purposes would appear to be largely dependent 
upon engineering progress. The scientific founda- 
tions have been well and truly laid in a remarkably 
short time. 





Symposium on Searchlights. The Illuminating Engineer- 
ing Society, 32, Victoria-street, London, S.W.1. 
[Price 17s. 6d. net.] 

Tue first World War brought about radical changes 

in the design of searchlights. One of these was the 

production of mirrors of ever-increasing size without 

a corresponding sacrifice of optical performance. 

Another, even more fundamental, was the intro- 

duction of the high-intensity arc lamp, in which the 

carbons were cored with a mixture containing a high 
percentage of cerium fluoride and were operated at 
current densities far higher than those customary 
with the old plain carbons. Between the wars, 
progress was less spectacular, but nevertheless 
steady, so that, in 1939, this country had available 
searchlights which were by no mean: inferior to those 
possessed by any of the other belligerents. Then 
came radar, and it was not long before many of the 
prophets were saying that searchlights would shortly 
be obsolete and that any efforts put into their 
improvement were so much waste of manpower. 

They were wrong; searchlights still have a vital 

part to play in the tactics of defence and attack, 

both on land and at sea, and to abandon any 
attempts to improve their performance or to adapt 
them to modern conditions of warfare would be 
extremely foolish. 

The present publication contains six papers in 
which various authors describe the work done 
during the recent war by a number of research 





establishments, both Service and civilian, working 
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in close liaison and each taking its part in what 
was, in effect, an extensive programme of work on 
all aspects of searchlight design and application. 
These papers, which, with one exception, were read 
and discussed at a meeting of the Iluminating Engi- 
neering Society last year, make interesting reading 
and contain a great deal of information which is 
not available elsewhere except to the few who have 
been intimately associated with the work. No 
doubt, the two papers of most general interest are 
those in which the authors describe the super-high- 
power searchlight, equipped with a 10-ft. mirror and 
a lamp taking 600 kW ; and the different forms of 
searchlight which were mounted in aircraft and used 
both in aerial combat and for the anti-submarine 
campaign. The mammoth searchlight, intended for 
use on the ground for anti-aircraft defence, was 
designed to give a beam of wider divergence than 
that of the ordinary searchlight, namely, some 
4 deg. to 5 deg. instead of about 2 deg., with a 
peak intensity approaching 300 million candles 
instead of the 200 million candles obtainable with 
the pre-war 150-ampere lamp in a 90-cm. projector. 
This enormous increase in the total light output 
was achieved by using a 64-mm. positive carbon 
and a 300-cm. mirror. The mirror could not be 
made in glass, and anodised aluminium was the 
only practicable material ; even so, the mirror had 
to be built up from a number of sections bolted 
together. 

In the case of the searchlights to be carried on 
aircraft the dominant problem was weight, for not 
only the lamp, but also the power supply for it, 
had to be airborne. For aerial combat, a very 
wide-angle light was required. The accuracy of 
location by airborne radar was about +15 deg., so 
that the light beam was designed to be fan-shaped 
with a 30-deg. divergence in the horizontal plane. 
In this case, the light was used only for a few 
minutes in each flight, so that the power problem 
was saved by using a much over-run arc and supply- 
ing it from lead-acid accumulators, discharged at a 
rate which may be described as approaching short- 
circuit. The searchlights used by aircraft engaged 
in anti-submarine warfare were rather more ortho- 
dox in design. The prototype was the Leigh Light, 
introduced in June, 1942, with immediate results. 
Before it came into use, “the night sighting ratio 
was one U-boat per 180 flying hours, which was 
estimated to be only about 15 per cent. of what 
should reasonably be expected from the air efforts, 
whereas the searchlight made it possible for one 
squadron to sight seven U-boats in 205 flying 
hours.” Again, in the case of these lights, the 
power problem was solved by over-running a battery 
rated at 40 ampere-hours to give 150 amperes, 
half a minute at a time, for a total period of about 
seven minutes. 

The other four papers describe exhaustive re- 
search into matters which, although in a sense 
subsidiary to those just mentioned, were none the 
less vital. Two of them were concerned with prob- 
lems of the visibility of targets in a searchlight 
beam, while a third is an outstanding contribution 
to the photometry of projection apparatus, a 
branch of the subject in which the literature is all 
too scanty. Determining the candle-power distri- 
bution in a beam of very small divergence, like that 
of a searchlight, is difficult even under ordinary 
conditions, as the measurements have to be made 
over a long outdoor range, but, owing to war con- 
ditions, the work had to be aone in full daylight. 
The account of how it was done, with remarkable 
accuracy, makes interesting i 





Tables of Coefficients for Obtaining the First Derivative 
Without Differences. By HERBERT E. SALZER. 
National Bureau of Standards. Applied Mathematics 
Series 2. United States Government Printing Office, 
Washington 25, D.C., U.S.A. [Price 15 cents.] 

WueEn a function f(z) is known for nm equally 

spaced arguments at interval h (that is, at abscissa 
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[3] h, where [m] denotes the integral part of m, so 


that, for instance, if n=4 the corresponding 
abscissa values will be x, — h, 2%, % + h, 2% + 2h, 


while if n = 5 they will be 2 — 2h, a —h, 2%, 
% +h, x -+ 2h, then an approximate value of 
the function at z = 2 + ph, i.e., the corresponding 
ordinate f(z + ph), can be expressed by means 
of Lagrange’s interpolation formula as the sum of 
a number of terms consisting of the mn known values 
of the function each multiplied by a polynomial in 
p of the (n — 1)th degree. The expression obtained 
by the differentiation of this formula affords an 
approximation to the derivative of the function at 
the point of abscissa r= 2+ ph, that is, to 
f’ (% + ph), and presents itself as the sum of the 
same number of terms consisting of the n known 
values of the function each multiplied by a poly- 
nomial in p of the (nm — 2)th degree. Mr. Salzer 
writes this expression in the form 

1 n . 

KG) ZA” (PIS (me + 5), 

the summation extending over integral values of ¢ 
from — = "| to [=]. where C (n) is a number 
introduced to avoid fractional multipliers in the 
C\") (p) polynomials and where, in fact, C (4) = 6, 
C (5) = 12, C (6) = 120 and C (7) = 720. A know- 
ledge of the values of these coefficients for the value 
of p in question will clearly enable the corresponding 
derivative to be computed without differencing the 
function. When n= 3 and C (3) = 2, the coeffi- 
cients are C*, (p) = 2p — 1, Cp (p) = —4p, C} (p) 
= 2p + 1, expressions so simple that they can be 
evaluated at sight. When n exceeds 3, much time 
can be saved if the various coefficients are tabulated 
for appropriate values of p. This table gives the 
exact values of () (p) for n = 4, 5, 6 and 7, the 
range of p extending from —1 (0-01) to +2 for 
n= 4, from —2(0-01) to +2 for n=5, from 
—2 (0-01) to +3 for n = 6 and from —3 (0+) to 
+3 for n =7. The tables are compactly arranged 
and well printed, and there are many problems to 
which they can be applied with advantage. 
Packaging Methods and Equipment. (Mimeographed). 

O. W. Roskill and Company (Reports), Limited, 14, 

Great College Street, London, S.W.1. [Price 11. 10s. 

net.] 

Tue word “‘ packaging ”’ is of comparatively recent 
introduction. Assembling materials in cases and 
boxes for transport from the point of manufacture 
to the user was at one time commonly known as 
‘packing’ and the term is still widely used ; 
packing shops, or packing departments, will be 
found in many factories. The preparation of goods 
for shipment, however, may involve many opera- 
tions which can hardly be said to be covered by 
this word ; filling milk bottles would not normally 
be called ‘‘ packing.”” The more modern and useful 
term “‘ packaging ’’ may be held to cover all opera- 
tions and processes employed in the final preparation 
of goods for the market, and it is in that sense that 
it is used in this valuable compilation. All packag- 
ing operations, many of which are complicated and 
ingenious, are of a mechanical nature and this 
report will be of interest to many engineers who are 
not professionally concerned with the application 
of any of the many processes it describes. Its 
main purpose, however, is hardly that of instructing 
and entertaining those who have a general interest 
in mechanical operations ; its aim is more immedi- 
ately practical—that of supplying information about 
the methods and machinery available for preparing 
almost any type of material for shipment, from 
tooth-paste for the home market to machine tools 
destined for a far country. It will be valuable to 
the manufacturer of anything. 

The extent of the modern packaging industry is 
indicated by the fact that this report has an appendix 
containing the names and addresses of 272 firms 
engaged in the manufacture of machines, plant or 
materials used in one or other industry; the list 
ranges from conveyors and elevators to stencilling 
equipment. It is possible that this section of the 
report may be that most frequently referred to, 
although a manufacturer who wishes to install a new 
packaging plant, or modernise an old one, will 
certainly study the descriptive matter dealing with 
the particular packaging problem with which he is 





concerned. The report is conveniently arranged in 


a series of main sections, which, in turn, are divided 
into sub-sections each dealing with some particular 
aspect or item of the main division. The main 
sections are Shipping Containers, Liquid Packages, 
Solid Packages, Finishing and Handling Equipment 
and Special Forms of Packaging. 

A general idea of the nature of the treatment 
may be given by reference to the section on Ship. 
ping Containers which is the one most likely to be 
referred to by machinery manufacturers. The first 
sub-section deals with Tensional Steel Strapping, 
It has become the practice to prepare heavy machin. 
ery for shipping by bolting it down to substantia] 
wooden skids and then fitting wooden covers over 
all vulnerable parts. The covers are then secured 
in place by means of steel wire or flat stec! strip, 
The method and machines used in applying the 
strapping are described and in this matter, and in 
connection with many other processes, the report to 
some extent serves as an instruction manual. Later 
sub-sections deal with fibreboard and - corrugated 
boxes which are used for the packaging of smaller 
and lighter articles, the machines and methods for 
sealing by adhesives, gummed tape, wire stitching 
or strapping being described. An interesting system 
designed to prevent damage, during rail transport, 
to fragile materials packed in fibreboard boxes, 
has been introduced by the National Adhesives 
Company, of New York, in conjunction with the 
Azsociation of American Railroads, of Chicago, 
Travelling down a loading conveyor to the railway 
wagons, the boxes pass over a glue trough and 
receive two strips of glue on their bottom surfaces, 
The glue secures them to the base of the wagon and 
tiers may be built up, the second row being secured 
to the top of the first. The glue sets in approxi- 
mately five minutes ; it has a high shear strength 
but is somewhat brittle in tension. For unloading, 
a sharp push by hand at the upper edge frees a 
box without undue damage to the face of the 
fibreboard. 

This example is but one out of the large number 
of modern packaging methods which are dealt with 
in the report. It is not possible even to mention a 
tithe of them. Exercising arbitrary selection, 
bottle-washing plant may be referred to. It is 
pointed out that the war gave this matter a new 
importance as shortage greatly extended the prac- 
tice of re-using old bottles. The bottle-washing 
machines now available extend from the one-man 
dairy unit to automatic plants capable of cleaning 
1,000 dozen bottles per hour. The most advanced 
machines are those of the fully-automatic hydro- 
type. These utilise a high-pressure detergent spray 
in place of a brushing unit. The bottles are carried 
in perforated holders on chain conveyors and the 
spray is applied both to the internal and external 
surfaces. The economic and practical aspects, 
which have to be kept in mind in connection with 
the installation of a machine of this type, are dealt 
with, and valuable advice is given about the relation 
between the full-load capacity of the plant and the 
input of bottles to be cleaned. The importance of 
the economic factor is implicit throughout the 
report which is likely to be of equal value to those 
concerned with the operation of a small works as to 
those in charge of the packaging arrangements of a 
large factory. 





ENGINEERING LECTURES FOR SCHOOL CHILDREN.— 
The first of a series of lectures arranged by the Institu- 
tions of Civil, Electrical and Municipal Engineers, for 
children of London County Council Schools, was delivered 
by Mr. C. J. Allen, M.Inst.T., at the Institution of Civil 
Engineers on October 20. This was entitled “ One 
Hundred Miles an Hour by Train.” The second lecture 
will be given on November 17 and will deal with “ The 
Wonders of Bridge Building,” the lecturer being Mr. H. 
Shirley Smith, M.I.C.E. The third will take place 02 
December 8, when Captain C. F. Booth, O.B.E., M.LE.E., 
will speak on “ Tel ications, Telephone, Tele 
graph and Radio.” The lectures have been organised 
in co-operation with Sir Graham Savage, Education 
Officer, L.C.C., and form part of a general scheme whereby 
lectures on engineering subjects, combined with visits 
to works whenever practicable, can be made available 
to the older boys and girls in schools so that they may 
have a better appreciation of the contribution which 
engineering science makes in everyday life. The first 
lecture was attended by about 400 boys and girls from 








20 schools in the L.C.C. area. 
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THE SECOND INTER- 
NATIONAL CONFERENCE ON 
SOIL MECHANICS. 


(Concluded from page 403.) 


Tux proceedings on the afternoon of June 25 
began with a lecture by Ir. T. K. Huizinga, Director 
of the Soil Mechanics Laboratory at Delft and secre- 
tary of the Conference, on the geology of the Nether- 
lands with special reference to soil mechanics. A 
report of the lecture is given below. 


Tue GroLocy anp Som, MECHANICS OF THE 
NETHERLANDS. 


About 38 per cent. of the total area of the Nether- 
lands would be flooded at high tide, said Ir. Huizinga, 
but for the protecting dunes along the sea and 
dikes along the rivers; the western parts, in 
particular, are in places several metres below sea 
level. The organisation of this water defence, and 
its management in the past and the present, required 
continuous care and struggle, and thus left its mark 
upon the character of the people. The Dutch 
character was a queer mixture of obstinacy, tem- 
pered by common sense: a man liying behind 
dikes on a rather small piece of soil, with little or 
no useful minerals available, needed plenty of 
common sense to make both ends meet. The water 
was also his friend, however, in the exchange of 
merchandise and ideas. In no European country 
had the character of the territory exercised co great 
an influence on its inhabitants ; on the other hand, 
no people had so extensively modified the condition 
of their territory as the Dutch. They turned sea 
into land, land into canals, unruly streams into 
normalised rivers, inland lakes and impenetrable 
marshes into fertile meadows. This required an 
extensive organisation by Government and pro- 
vincial agencies. Three-quarters of the area was 
divided up in water or polder districts, their boards 
being responsible for the maintenance of dikes and 
hydraulic structures, and the regulation of the 
water levels. They numbered 2,600 in all, whereas 
the municipalities numbered only 1,100. 


Boreal period, the climate changed again into a 
sea climate (the Atlantic period). On the coast, 
dunes developed (the ‘‘ old dunes ”) on sandbanks, 
and behind them, the old blue sea-clay was deposited 
in the shallow inland sea, which was gradually 
transformed imto a fresh-water swamp, where 
extensive peat growth occurred. 

The first inhabitants settled on the strip of 
dunes. Some hundreds of years later, the climate 
changed again to its present moist and cool condi- 
tion. The sea attacked the dunes, and, about 
A.D. 1300, the Zuiderzee and the wide estuaries 
were created. A vast stretch of land along the rivers 
of South Holland was flooded during a heavy storm 
in November, 1421; part of this Biesbosch region 
was afterwards reclaimed. Another form of land 
loss occurred in the province of Zeeland, where 
coastal flow slides in the loosely packed sand layer 
caused extensive damage and even total loss of the 
dikes. The Romans, on their arrival, found the 
inhabitants living on artificial hills or mounds to 
protect themselves against the water, as described 
by Pliny. Another method of defence became 
necessary, however, namely, the building of dikes, 
which started before the Eighth Century. This 
was the beginning of the period, of a protective 
and defensive nature, which had lasted until the 
present day; but gradually the offensive was 
started, with the reclamation of new land. 

The groundwater table inside the dikes could be 
regulated at will: at first, with primitive means, 
but later, in the Fifteenth Century, by windmills ; 
at present, often by means of pumping plants 
driven by steam, oil or electricity. The lowering of 
the water table in dry summers, and by the increased 
demands of modern agriculture, initiated a long 
process of settlement. In this way, the surface of 
the peat regions settled 1m. to 2m.; and, since the 
water level in the canals and rivers did not alter 
greatly, the land subsided much below sea and river 
level in the western part of Holland. Another 
example of this low-lying surface might be found in 
the reclaimed polders, which formerly were inland 
lakes. These were either formed by erosion by the 
sea, or by man when digging for peat. A final 
example of the struggle against the Sea arose from 


Ir. Huizinga then gave a summary of the geological | the upward percolation of salty water, through the 


history of the western parts of Holland. The bottom 
of the North Sea had been involved in a process of 
subsidence over thousands of centuries. It pivoted 
round an axis situated just over the border in 
Germany and Belgium, so that the layers of loose 
marine and fluvial deposits increased in thickness 
from south-east to north-west to several hundreds 
of feet. About a thonsand centuries ago, Holland 
was partly covered by glaciers up to a line roughly 
running from Amsterdam to Arnhem. The glaciers 
deposited large sand and stone masses from the 
Scandinavian countries and also the renowned 
boulder clay, which later became so useful in 
constructing the Zuiderzee dikes. At the end of 
the next glacial period, about 20,000 years ago, the 
sea level was 60 m. lower than at present, the 
coastline extending much farther to the north. 
The country had a tundra character, consisting of 
sand of fluvial and glacial origin, some hills being 
left from the earlier glacial period (among them 
the present islands of Texel, Wieringen and Urk, 
and the Muyderberg). The sloping sand surface— 
the so-called “‘low terrace”’—now served as a 
support for foundation piles underneath heavy 
structures in the western provinces. Its position, 
at a depth of not more than 20 m., was well known 
from a great number of borings, soundings and deep 
excavations. 

After this period, the sea level rose continuously, 
the level being about 20 m. below its present height 
at about 8,000 years B.c.; then reed marshes came 
into existence in the lower parts of the country. 
A thick peat layer developed, its thickness keeping 
pace with the gradual rise of the ground-water 
table. It was still to be found as a thin strongly- 
compressed layer, the compression being caused 
by the weight of soil deposited on its top in later 
times. By 5000 B.c., the western part was flooded 
completely, as a result of the sustained rise of the 
water table. The sand layers then deposited were 
very loosely packed as a rule, with a relatively 


Pleistocene subsoil. The present and future aim 
must be to keep the sea from entering upon the 
land through all the outlets and openings in the 
lower reaches of the rivers, the sluices and locks, 
etc., by building a continuous rampart along the 
coast-line. 

Ir. Huizinga showed a number of slides illus- 
trating his remarks and connected with the excur- 
sions which were to follow the Conference. He 
stressed particularly the difficulties of nourishment 
resulting from the extremely high density of the 
population in the western part of Holland—44 per 
cent. of the entire Dutch population was living on 
only 18 per cent. of the total area ; the population 
density was 740 inhabitants per square kilometre, 
or about 1,900 per square mile, as against 300 
inhabitants per square kilometre over the whole of 
the Netherlands. 

The final Sectional discussion, which followed 
immediately on the conclusion of Ir. Huizinga’s 
lecture, was devoted to ‘‘ Theories, Hypotheses and 
Considerations of a General Character,” bearing 
upon the science and practice of soil mechanics. 
This category of papers, although the last to be 
considered, constituted Section I of the syllabus on 
which the programme of the Conference was framed, 
and was reported upon by Dr. Ing. Robert Rucki, of 
the Inspection Fédéral des Travaux Publics, Switzer- 
land. 


Turory oF Som MECHANICS. 


The first paper in Section I, which might be 
regarded also as an introduction to the whole 
programme of papers, was a historical and biblio- 
graphical review of soil mechanics, contributed by 
Dr. Jacob Feld (United States), who cited a number 
of interesting early examples of engineering and 
constructional works which might be regarded as 
evidences of the study of soil mechanics; among 
them, the extensive earth tunnels in Persia, of about 





small penetration resistance. After this so-called 


800 B.c., constructed for purposes of water supply 
and the drainage of subsoil. Another instance was 


the collapse of the walls of Jericho when, about 

1400 3.0., Joshua captured the city; a critical 

examination of the walls in 1931 indicated that the 

foundation tier of stones had been displaced laterally 

and had tipped forward, as though a trench had 

been dug along the bottom of the wall to undermine 

the base. As independent investigations, however, 

earth and soil studies dated from the latter part 

of the Seventeenth Century; the French military 

engineers made a number of empirical and analytical 

studies of earth pressure and earth slopes, while 

English students of the subject appeared to be 

more interested in soil control and in the classifica- 

tion of soils for agricultural purposes. Dr. Feld 

gave a bibliography of 50 references, the earliest 
being to John Evelyn’s Terra: A Philosophical 
Essay of Earth, published in 1679. 

Dr. A. von Moos and Mr. L. Bjerrum (Switzerland) 

gave a historical survey of the more recent develop- 

ment of the subject, showing that it was character- 

ised for a long time by the existence of two main 
tendencies, almost independent of each other, one 
being purely theoretical and the other experimental 
and practical. An important paper was presented 
by Mr. R. E. Grim (United States) entitled “‘ Some 
Fundamental Factors Influencing the Properties of 
Soil Materials,” in which he gave a theory of the 
structure of soil materials in the plastic state, based 
on the oriented configuration of the water molecules 
initially adsorbed by the clay mineral components 
of such materials. It was shown that the plastic 
properties, particularly the liquid and plastie 
limits, might vary greatly because of the presence 
in small amounts of certain chemical compounds : 
this was explained by the influence that such com- 
ponents would have on the orientation of the 
adsorbed water molecules. It was also shown that 
relatively small amounts of the clay mineral mont- 
morillonite might cause a relatively great increase 
in the plastic properties of soil materials. This, it 
was stated, was due to the fact that, when mont- 
morillonite is interlayered with other clay minerals, 
it forms planes of weakness which permit it to break 
down into exceedingly small flake-shaped units, with 
a consequent immense increase in surface having 
particular ability to adsorb water. 

Many highly mathematical papers were presented 
and, in the discussion, Dr. P. A. Coenen (Nether- 
lands) particularly criticised one of these, entitled 
‘* A Fundamental Theory of Plastic Deformation 
and Breakage of Soil,” by Mr. K. Hoshino (Japan). 
In this paper, the authcr assumed the deformation 
and breakage to have close relations to the volume 
of strain energy stored in the soil mass ; it was this 
fundamental assumption of using Hooke’s Law for 
differential elements in the plastic range which Mr. 
Coenen declared to be invalid for soils. In recent 
years, Professor Sir Richard Southwell’s Method of 
Relaxation has been applied to solve a wide variety 
of problems in the fields of engineering and physics. 
Mr. D. N. de G. Allen (Great Britain), in his paper 
on ‘‘ Relaxation Methods,” explained the form of 
solutions obtained by this method and illustrated 
the basic ideas by a framework problem. Two 
types of problem in soil mechanics which, it was 
stated, have been solved by this means are the 
development of flow-nets and the evaluation of 
stresses in embankments and dams. Professor 
R. Haefeli and Mr. G. Amberg (Switzerland), in 
their ‘‘ Contribution to the Theory of Shrinking,” 
described an investigation into the shrinkage of 
clays, Showing that the process could be represented 
mathematically in the form of a few fundamental 
equations which were found to give good agreement 
with experimental tests. They concluded that the 
degree of three-dimensional shrinkage at a certain 
moment in the shrinkage depended not only 
on the water content existing at that moment, but 
also on the water content at which the sample was 
initially moulded. Dr. E. N. Fox (Great Britain), 
in his paper entitled “The Mathematical Solution 
for the Early Stages of Consolidation,” showed that 
the form of the Fourier expansion widely used for 
calculating settlements did not converge well in the 
early stage, and he suggested an alternative form 
of the solution, better suited for practical work. 
One of the difficulties when evaluating consolidation 
tests is to determine from the time-settlement curve 








the exact point at which the primary consolidation 
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ends. The importance of this problem lies in the 
determination of the coefficient of consolidation. 
Professor A. H. Naylor and Mr. I. G. Doran (Ireland) 
presented a paper, entitled ‘‘ Precise Determination 
of Primary Consolidation,” in which they treated 
the problem mathematically and developed an 
analytical method of determining from consolidation 
tests the theoretically correct initial and final dial 

ings. Professor Haefeli and Mr. W. Schaad 
(Switzerland) treated the same problem from the 
soil-mechanics viewpoint in their paper on ‘‘ Time 
Effect in Connection with Consolidation Tests ” 
and showed that the primary settlement could be 
determined from tests lasting only a few hours, even 
with a heavy clay. 

In view of the considerable amount of misunder- 
standing which exists on the subject of the shearing 
strength of soils, the paper by Professor A. W. 
Skempton (Great Britain) entitled ““The ¢=0 
Analysis of Stability and its Theoretical Basis,” 
was particularly welcome. When tested with no 
change of water content, a saturated clay behaves 
as if it were a purely cohesive material with an 
angle of shearing resistance ¢ equal to zero. Con- 
sequently, an analysis of stability based on this 
fact will give correct results for earth pressure, 
bearing capacity, or factor of safety of a clay slope 
for the period when water-content changes are 
negligible. This is often the case immediately 
after construction, since the rate of consolidation 
of clays is so small that little change in water 
content can have taken place. Professor Skempton 
pointed out that, although this method gave a 
correct estimate of the factor of safety, experience 
had shown that the most critical circle in the analysis 
was not necessarily the actual slip circle, the dis- 
crepancy being due to the slight angle of friction 
exhibited by most clays. In a paper entitled 
‘Minimum Value of Earth Pressure,” Professor 
J. Jéky (Hungary) stated the analytical principle 
of earth pressure based on Professor Terzaghi’s 
investigations and showed that, in addition to 
the well-known Coulomb principle, according to 
which the sliding plane sets itself at an angle at 
which the earth pressure becomes a maximum, it 
must also be considered that, with this critical 
wedge, the earth pressure acts at such an angle as 
to be a minimum. A simple graphical solution was 
given in the paper for determining the earth pressure 
by this theory, and also its direction of action. 

The evening of June 25 was devoted to an official 
reception of the members by the Netherlands 
Government at Oud Wassenaar and the morning 
of the following day to a visit to the tunnel under 
the River Maas at Rotterdam; this tunnel, as 
previously mentioned, was described in the 150th 
volume of ENGINEERING (1940). In the afternoon, 
the final technical meeting was held, at which 
Professor Terzaghi invited the rapporteurs to sum- 
marise the conclusions reached. 

In response to this invitation, Mr. F. C. de Nie, 
speaking on behalf of Professor Bretting and 
himself, observed that, while much had been done 
to develop the science of soil mechanics, the applica- 
tion of the knowledge gained became more and more 
complicated ; the qualitative information available 
was of considerable value, but quantitative data 
were still lacking in many cases. On some points 
there were still marked differences of opinion ; for 
example, on the question of shearing resistance. 
English practice was to take the value of shearing 
resistance as being half the unconfined compression 
strength. English members had expressed them- 
selves as dissatisfied with the quick triaxial test 
used in Holland, arguing that the results varied 
with the condition of the sample during the test ; 
in Holland, they doubted whether any such constant 
as the shearing resistance existed at all, holding that 
increase of shear stress was accompanied by a 
corresponding deformation, until rupture occurred. 

Following Professor Terzaghi’s announcement 
that the articles of association of the International 
Association on Soil Mechanics, which had been 
discussed at the morning session on June 24, 
would be printed in Vol. VI of the Conference 
Proceedings, Professor J. L. Escario (Spain) proposed 
the circulation of a list of all members of the Associa- 
tion, for reference purposes; a suggestion which 
was referred to the Executive Committee. Ir. 








Huizinga mentioned, in the same connection, that 
he had prepared a dictionary, in English and Dutch, 
of the technical terms in soil mechanics, for dis- 
tribution to the members of the Netherlands 
Committee. Professor Terzaghi suggested that it 
should be circulated also to the other national 
committees and proposed that consideration should 
be given to the formation of a Committee on 
Terminology, in the hope of securing some measure 
of international agreement on the technical terms. 

The formal closing session of the Conference, 
held in the Palace Theatre of Rotterdam, followed 
the precedent of the opening session in being a 
joint meeting with the Conference on Underground 
Town Planning, the proceedings of which were 
summarised briefly by Professor Lavedan. Professor 
Terzaghi, in reviewing the work of the Soil Mechanics 
Conference, urged the desirability of a close colla- 
boration with municipal engineers, who had excep- 
tional opportunities to provide precisely the kind 
of factual information that was needed in the 
study of the behaviour and properties of soils. At 
the previous Conference, in America, an attempt 
had been made to co-ordinate experience; the 
Rotterdam Corference had been .an outstanding 
success in that respect. It had been decided, he 
added, to adopt both English and. French as official 
languages in future conferences, and to produce 
annual national reports to maintain. the links 
forged at the Conferences. 

The chairman (Ir. J. P. van Bruggen) having 
formally thanked the various committees for their 
work, and Professor Terzaghi for his presidency 
and for his own contributions to the study of soil 
mechanics, declared the Conference closed. At the 
farewell dinner, held at Scheveningen in the evening 
of the same day, Professor Terzaghi mentioned that 
he had applied the technique of soil mechanics 
first in Turkey and subsequently in the Balkans 
and in Austria, the United States, Alaska, Costa 
Rica, Brazil and North Africa. What had impressed 
him most was the extraordinary variety of the soil 
conditions with which engineers had to contend. 
During his own lifetime, the scope and magnitude 
of earthworks problems had increased enormously, 
so that a radical revision of soil mechanics know- 
ledge had become essential ; thus arose the various 
national committees who had worked together so 
satisfactorily in organising the Rotterdam Con- 
ference, which, he thought, would be generally 
regarded as an event of primary importance. 

The succeeding three days, June 27 to 29, were 
spent in visiting various civil engineering works in 
which the study of soil mechanics was directly 
applied ; on June 27 to North Holland, to see the 
old polders, the new Wieringermeer Polder and the 
20-mile dike closing the Zuiderzee, on June 28 to 
Amsterdam (including the extensions to the main 
runways at Schiphol airport), and on June 29 round 
the harbour and docks of Rotterdam, more especially 
to see the repairs to the wharves, etc., demolished 
by the German occupation forces before they 
retreated, as described in the lecture by Ir. de 
Herder, summarised on page 208, ante. Schiphol 
airport also suffered severely, the whole of the 
buildings being destroyed and some 220 craters 
left in the runways and apron. The buildings are 
being rapidly replaced, the runways have been 
repaired, and considerable extensions are in hand 
to accommodate the largest transatlantic aircraft 
likely to be used in regular traffic for many years 
to come; one section visited is 60 m. wide with 
10 m. additional width on each side for much of 
its length, making a width of 80 m. in all, and is 
1,800 m. long: Another portion visited had the 
several layers of sand, concrete, broken stone and 
asphalt exposed for inspection, the total thickness 
of the made surface being 1 m. and the width 60 m. 
The total length of the principal runway (which is 
provided with equipment for landing aircraft by 
instruments) is 2,325 m. The airport being situated 
in the Haarlemmermeer Polder, good drainage 
facilities were available already; but these have 
been improved greatly by the provision of two 
pumping stations and over 185 miles of drains. 
In effect, the airport forms a polder within the 
Haarlemmermeer Polder, the water in the boundary 
ditches being kept at a level 1 m. lower than that 
of the Haarlemmermeer system. 





Oct. 29, 1948. 


THE FOUNTAINS IN TRAFALGAR 
SQUARE. 


THE reconstruction of Trafalgar-square, London, to 
incorporate memorials to Admirals-of-the-Fleet Lord 
Jellicoe and Lord Beatty has recently been completed 
by the Ministry of Works, and the memorials were 
unveiled by H.R.H. The Duke of Gloucester at g 
ceremony on Trafalgar Day, Thursday, October 2], 
The original scheme, to the design of the late Sir Edwin 
Lutyens, was started in 1939, but was suspended 
owing to the war. When work was resumed last year, 
the original scheme was altered, the bronze busts of 
the two admirals being placed on new Cornish-granite 
pedestals on the north wall cf the Square, instead of 
in the fountain basins. The west fountain is dedicated 
to Lord Jellicoe, to whose bust it is nearest ; simila rly 
the east fountain is dedicated to Lord Beatty. The 
fountains are illustrated in Fig. 2, opposite, but it will 
be obvious that the main jets are not rising to the 
maximum height of 120 ft. Three flower beds have 
also been made near the north wall. 

The walls of the two original main outer basins 
in the Square, each of which now holds about 40,000 
gallons of water, have been retained. They are 95 f+ 
across at the widest part, and the granite walls are 
the only remaining feature of the fountains originally 
erected in 1845. The floors of the basins have been 
lined with blue tiles. The new Portland stone inner 
basins, which had been erected before work was 
suspended, consist of two superimposed circular basins, 
the upper smaller than the lower, set on a hexagonal 
base of granite 19 ft. across. A half vertical cross. 
section through one set of inner basins is shown in Fig. 1, 
opposite. The upper basin contains the principal 
fountain jets and below it there is an umbrella-shaped 
stone over which water flows in a cascade into 
the lower basin. When the main jets are working a 
eascade is also formed from the edge of the upper basin. 
In each main outer basin there are two sculptured 
bronze groups, diametrically opposite each other; 
the groups in the Jellicoe fountain were modelled by 
Mr. Charles Wheeler, R.A., and those in the Beatty 
fountain by Mr. William McMillan, R.A. The groups 
are fitted with several water jets. 

The pumps and associated apparatus are housed in 
a vie cam, ylramaalire chamber 38 ft. in length and 
13 ft. 6 in. wide, which has been constructed below the 
pavement of the square in the south-east subway. It is 
entered from a London hms gai subway. The 
chamber also contains the control gear for the flood- 
lighting system which illuminates the jets, cascades 
and bronze groups. It is shown in cross-sections and 
plan in Figs. 3, 4 and 5, respectively, on page 416. 

The basins are filled initially from the Metropolitan 
Water Board’s mains ; thereafter the water is circulated 
by the pumps, the main 16-in. return pipe from the 
fountains to the pumps being provided with a Royles 
Twin strainer to prevent damage to the pumps by 
forei bodies. There are, however, mist sprays 
blowing from dolphins’ heads in the sculptured groups 
which are supplied continuously with fresh water 
from the mains. ‘These sprays are intended to keep 
the bronze surfaces wet and glistening, and to preserve 
the patina and avoid the uneven staining to which 
bronze work in London is subject. A cross-section 
through one of these spray jets is shown in Fig. 6, on 

416. The square “ needle ” inside the jet, and the 
io eel outlet cause the water to issue in spray form. 

There are three main centrifugal pumps supplied by 
Messrs. Mather and Platt, Limited, in the chamber. 
Pump a (Fig. 3) supplies water to the sculptured bronze 
groups. It is capable of delivering 1,200 gallons of 
water per minute against a head of 140 ft., and is 
directly coupled to a 71-h.p. squirrel-cage electric 
motor. Pump 5b supplies water to the main fountain 
jets and to the cascades. It has a capacity of 1,400 
gallons of water per minute against a head of 165 ft., 
and is driven by a 100-h.p. motor. The third pump, c, 
supplies water for the cascades when pump 6 is not 
in use. It will deliver 1,400 gallons per minute against 
a head of 140 ft., and is driven by an 82-h.p.: motor. 
The 16-in. suction pipe is laid in a trough in the founda- 
tion, under the pumps, and is fitted with the strainer 
and valve at the inlet end. Each pump draws water 
through a 9-in. pipe, fitted with a valve, from the suc- 
tion pipe, and delivers through a 7-in. pipe to a T-piece, 
from which two 6-in. pipes with valves provide water 
to the west and east basins, respectively. On the 
outlet sides of the pumps there are also 3-in. by-pass 
pipes with valves, which return water to the 16-in. 
suction pipe. The four 2-in. pipes and valves shown 
in the top right-hand corner of Fig. 5 are connected 
directly to the Metropolitan Water Board’s mains and 
supply water to the two sets of spray jets, and to each 
basin for initial filling. There is also a pipe running 
down the wall of the chamber to supply water for 
domestic use. Electrical and mechanical interlocks 
have been provided between pumps 6 and c to prevent 
them being run simultaneously. ‘i his arrangement was 
required because when the main fountain jets are 
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working the same supply of water feeds the cascades ; 
when, however, owing to the weather, it is not desirable 
to use the main jets, pump ¢ supplies water to the 
cascades and maintains the circulation of water through- 

out the system. A small centrifugal pump driven 

by a 3-h.p. motor is provided in the chamber to drain 

the sump, particularly when cleaning one of the 

strainers. It is capable of delivering 60 gallons of 
water per minute against a head of 25 ft. 

It will be appreciated that there are two controls 

affecting the supply of water through each 6-in. pipe 

leaving the chamber; the 8 of the pump and 

the opening of the outlet valve. Thus, the pressure 

and rate of flow of the water to each fountain, cascade 

or spray group can be varied. This is particularly 

important in the case of the main jets, as it is only 

practicable to utilise them to their full height when the 

airis quite still. The main electrical control board con- 

sists of triple-pole and neutral, and double-pole ironclad 

switch-fuses connected to a *bus-bar assembly, the 

whole being mounted on an iron frame against the west 

wall of the chamber. The unit is divided into power 

and lighting sections, separately metered, and is pro- 

vided with power-factor meters, voltmeters and am- 

meters. The wiring between the starters and motors is 

rotected by a flexible metallic conduit ; earth bonding 

is by copper tape. The starters are of the straight-on- 

line type, and are equipped with no-volt and overload 

release and push-button contacts for emergency 

operation. 

The arrangement of the main fountains and cascades 

is shown in Fig. 1, which is a half cross-section of the 

upper and lower basins. The water level in the 

main basin is indicated on the right-hand side. The 

main jet head is of gunmetal, with a central vertical 

jet 14 in. in diameter, and six surrounding jets ? in. 

in diameter, the axes of the smaller jets being at an 

angle of 7 deg. to the vertical; their centres are on 

a pitch circle 3} in. in diameter on the top face of 
the head. This arrangement of jets is intended to 

give a Prince of Wales feather effect. The bore of 
the central jet is parallel for a depth of 1-85 in. 

and below that, for a depth of 0-9 in., it is slightly 

bell-mouthed. The bore of each of the six surrounding 

jets is parallel for a depth of 0-95 in., and below that 
for a depth of 1-8 in., it is bell-mouthed. All the jets 

are chamfered to a depth of 0-05 in. at the upper 
edges. The form of these jets was based on the results 

of experiments which were undertaken before the war 
in connection with the design of fire-hose jets which 
were required to give a “solid ’’ stream of water to the 
greatest possible height. The central jets have been 
designed to provide a fountain to a height of 120 ft., 
and although this height has not yet been quite 
reached, no difficulty is anticipated in attaining it when 
certain adjustments have been made. The capacity of 
the 100-h.p. pump will be sufficient to provide water for 
the two 120-ft. fountains and the associated cascades 
simultaneously. The height of the pre-war fountain 
jets was 25 ft. 

The main jets are supplied with water through @ 
stainless-steel tube, 4 in. inside diameter and 9 ft. 1 in. 
in length. The upper end of the tube is screwed into 
a gunmetal nut d (Fig. 1), which has a flange formed 
on its upperend. A dished baffle plate e is clamped 
between this flanged nut and the main jet head by 
eight studs and nuts. The nut has four tapped radial 
3-in. holes, in line with four holes in the top end of the 
tube, and fitted with four }-in. heavy-gauge copper 
tubes, which project radially below the baffle plate 
and terminate in plug-cocks. These copper tubes 
supply water to the cascade over the edge of the upper 
basin and, by means of vertical holes f in the stone, 
water falls on to the “umbrella” cascade. Under 
these conditions, water from the pump enters through 
a branch pipe (Fig. 1) into a stainless-steel tube, 
of 64, in. inside diameter, which encases the 4in. 
tube. The water is discharged through four ports in a 
gunmetal head g, which is screwed to the end of the 
64,-in. tube, thence through corresponding ports in a 
gunmetal washer h which is clamped between the 
head g and the nut d. Lead sheeting is laid over the 
sutface of the upper basin and is clamped between 
the head g and the washerh. A bronze retaining ring ¢ 
surrounds the head, and the 6y,-in. tube is grouted 
into the stone with lime mortar. This arrangement of 
concentric tubes for supplying water to the jets and 
cascades was designed to ensure an even flow of water. 
Flanged connections are provided at the lower-end 
of the 4-in. tube and at the 4-in. branch piece on the 
64,-in. tube. They are bolted to the flanges of 4-in. 
cast-iron pipes which, in turn, are connected through 
tapered pipes to the 6-in: pipes emanating from the 
pump chamber. 

As already explained, water cascades over the edge 
of the upper basin (Fig. 1) and over the “ umbrella” 
stone into the lower inner basin. Thence it passes 
through the bronze overflow stand-pipe j into the main 
basin. A manhole in the floor of the lower inner basin 





provides access to the annular chamber beneath. 
Water also falls into the main basin from several 
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jets and mist sprays on each sculptured group. There 
are three drains in each main basin, disposed at 120 deg. 
(in plan) around the inner basin. Each drain is 
fitted with a vertical wire-mesh cylinder on the end of a 
6-in. pipe. The connections from all six drains are 
brought together at various T-pieces, culminating in 


the 16-in. suction pipe leading to the pump chamber. 
harging 


There is also an overflow in each basin, disc 
excess water into the ordinary main drainage. It is 
not often flowing because the small quantity of water 
which is continually being added to the system through 
the mist sprays is more or less balanced by losses due 
to water from the fountains and cascades being blown 

the wind beyond the main basins. There are some 
eleven pipes between the basins and the pump chamber ; 
they were laid in a trench, tested to a hydraulic pressure 
of 500-ft; head, and covered with soil. 

The floodlighting system that was installed for the 
opening ceremony is fairly complex. Some of the lights 
are concealed in the inner upper and lower basins, 
others can be seen half-submerged in the water in the 
main basin. Unfortunately, not all the materials 
considered desirable for an appropriate floodlighting 
system were available, but it is hoped to improve the 
arrangement in due course. The upper basin contains 
a hexagonal layout, around the main jets, of six lights : 
three blue and three red, placed alternately. The 
red lamps can be faded out while the blue lamps are 
faded in, or vice versa. The upper basin also contains 
two amber lamps which project fixed beams upwards, 
and are intended to reach up the main jets to a greater 
height than the blue and red lights. The lower inner 
basin contains a number of white lights omens inside 
the parapet at about the waterlevel. They illuminate 
the under side of the upper basin, the “ umbrella” 
stone, the cascades and the interior of the inner basin. 
The lights in the main basin are alternately red and 
blue to illuminate the walls of the inner basin. Each 
py HPN group is illuminated by a semicircle of 
six lights at water level, alternatively bronze (“old 
gold”’) and mn. 

The lights in the main basin are of the marine heavy- 
duty type, with a beam angle of 34 deg., using 200-watt 
general-service lamps. The lights in the top bowl 
had to be shallow and provide a 30 to 40 deg. beam of 
high intensity. They were designed and made in the 
form of t by the Ministry of Works. The 
windows are of Perspex, plate glass not being obtainable, 
and a short S-bend entry at each end is used for the 
cable and for ventilation. The fittings take 500-watt or 
1,000-watt general-service lamps, orline-filament lamps. 
Two standard-type voltage-regulator transformers, suit- 
ably modified, have been used for the colour-changing 
mechanism. The rs have a maximum designed 
output of 12 kW at 230 volts; in addition, 12 kW can 
be provided through the directly connected side, making 
a total working load of 24 kW. The voltage can be 





regulated between 50 and 230, and the output is con- 
nected to two-pole selector switches, the whole being 
operated by an electric motor. The selector switches 
control the operation of four single-pole contactors and 
their ancillary relays. 

The cycle of colour changing is as follows: the 
voltage of the current which is being supplied to one 
particular set of lights increases from 50 to 230 in 
10 seconds, when the main current is applied directly 
through the contactors ; the regulator returns to the 
low-voltage position in 10 seconds, when the second 
colour is brought in, increasing to full brilliance in 
10 seconds. The full brilliance of each colour is main- 
tained for alternate periods of 20 seconds. The whole 
mechanism is mounted in two compartments of @ 
welded-steel chamber. One compartment contains the 
voltage-regulator transformers, the two selector 
switches and the motor, all immersed in transformer 
oil. The other compartment contains a contactor 
panel with the studs projecting into the oil-filled com- 

rtment. An external terminal box with provision 

or incoming and outgoing cables is provided; the 
total weight of the complete unit with oil is 8 cwt. 

The contactors are divided into two banks of two, 
each bank being operated from a separate two-way 
selector. The first k is in series with the voltage 
regulator, and the selector switch controlling it is 
arranged so that each of the two ways is connected to a 
separate contactor coil. In addition, by mechanical 
gearing, the selector is arranged to rotate one revolu- 
tion, taking 60 seconds (each way being connected in 
succession to the mains for a period of 10 seconds 
with ten-second intervals), while the regulator com- 
pletes two cycles of operation. In one complete cycle 
of operation of the vol regulator the output 
increases from 50 to 230 volts and th reases to 
50 volts again in a period of 20 seconds. us, while 
the regulator voltage is increasing, one way of the 
selector switch is in circuit with the mains supply, 
closing one contactor of the first bank. This is in 
series with the output of the voltage regulator and 
connects it to one: outgoing circuit. By a slight 
Te-a! tad the contactors and ee ooneee 
tions, three colour changes can be arranged for future 
occasions. The flower beds are illuminated oan be 
lighting of 60 watts pet foot run, with spot, lights for 
the shrubbery. The statue of Nelson at the top of 
the ——- illuminated — fi igh — on 
n , using 20-in. ic reflectors 
and 180-volt 1,000-watt quantal denviee; lamps. 

While wiring ,was being laid unde d' in steel 
conduits, the opportunity was taken to 
cables for 


and television and for amplifying sound throughout the 





square. In order to obviate the possibility of “feed 


ting | Mr. R. V. Leedham, of Leeds. 





back” from loudspeakers to microphones in such an 
enclosed area, non-directional hornless loudspeakers 
are intended to be used. A large number of loud- 
— would be used, each operating at a low sound 
evel. 

Electricity for the whole system is obtained at 
11 kV from the St. Martin’s-lane sub-station of the 
London Electricity Board. The high-voltage switch- 
gear consists of one ring-main unit provided with 
overload and earth-leak protection to the trans- 
former. The capacity of the step-down transformer is 
300 kVA, with a secondary voltage of 410/236. It is 
naturally cooled and is connected by a triple-pole 
circuit- breaker to the low-voltage ’ bus-bars in the intake 
chamber. A supplementary supply at low voltage is 
provided as an alternative means of lighting the pump 
chamber. The operator in charge of the water displays, 
lighting effects and loudspeakers works in the pump 
chamber, and he can, if necessary, take his instructions 
over a special telephone from a colleague stationed in 
Trafalgar-square. The pump chamber is ventilated by 
means of two axial-flow fans, each driven by a }-h.p. 
motor. Lighting and power plugs have been provided 
for inspection lamps and small tools. Tubular electric 
heaters have been installed. 

The general contractors for the work were Messrs. 
Holloway Brothers (London), Limited, Millbank, 
London, 8.W.1, at whose works the Portland stone was 
prepared. Messrs. G. N. Hadens and Sons, Limited, 
19, Woburn-place, London, W.C.1, carried out the 
pumping and water-mains work. 





DESIGN AT WORK EXHIBITION.—This exhibition, which 
was opened by the Duchess of Kent at Burlington House, 
Piccadilly, London, W.1, on Tuesday, October 26, has 
been sponsored by The Royal Society of Arte and The 
Council of Industrial Design, It inclides exhibits, photo- 
grapbs and diagrams, which illustrate various points 
influencing the design and finish of well-known products. 
The exhibition is open to the public between 10 a.m. 
and 7 p.m. on weekdays and between 2 p.m. and 6 p.m. 
on Sundays until Sunday, November 28, 1948. 


Sir Water Preston SCHOLARSHIPS.—Textile Machi- 
nery Makers, Limited, 60, Huddersfield-road, Oldham, 
inform us that a Sir Walter Preston Scholarship, tenable 
for three years and valued at 2501. per annum, rising by 
251. a year to 3001., lias been awarded, this year, to Mr. 
Jack Shepherd, of Shaw, vear Oldham. Other Sir Walter 
Preston Scholarships for 1948, tenable for three years 
and worth 2001. per annum, rising by 251. a year to 2501., 


| bave .been awarded to Mr. Barry Shaw, of Bramley, 


Leeds; Mr. F. K. Hall, of Roundhay, Leeds; and 
All the scholarships are 
tenable at the Faculty of Technology in the University 
of Manchester. 
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1,600-H.P. MAIN-LINE DIESEL-ELECTRIC LOCOMOTIVE. 


Fic. 8. Two 1,600-H.P. Locomotives Startinc on Triat Run From Evstron To CaBLisLE. 


1,600-H.P. MAIN-LINE DIESEL- 
ELECTRIC LOCOMOTIVE. 


(Concluded from page 394.) 


THE photograph reproduced in Fig. 8, on this page, 
shows two 1,600-h.p. Diesel-electric locomotives, Nos. 
10000 and 10001, leaving Euston on Tuesday, October 5, 
on a preliminary trial run to Carlisle. The principal 
dimensions were given in last week’s issue, on page 392, 
and to them the following particulars may be added : 
the reduction-gear ratio for the traction motors to 
the axles, 55:18; the factor of adhesion, 6-91; 
and the minimum radius of curve which the locomotive 
can negotiate, 44 chains. 

The arrangement of the six-wheeled bogies is shown 
by the drawings reproduced in Figs. 10 to 14, on 
ne 420, and a photograph of one is reproduced in 

- 15, on the same page. The frames were fabri- 
cated, and equalising spring beams, resting on the 
tops of the axleboxes, are arranged between the inner 
and outer frame plates, with tension bolts connected 
to nests of helical bearing springs. The bogies are of 
novel design. It was considered essential for good 
riding to adopt the bolster type; in the usual layout 
the two bolsters are coupled together by a stiff mem- 
ber which transfers the full weight of the main frame 
and body from the centre pivot to the bolsters. With 
this design, however, there is not sufficient room 
for a traction motor on the centre axles. As it was 
necessary to have a motor on each axle, a design was 
adopted in which the weight is carried on the axes of 
the bolsters themselves, at four points through sliding 
surfaces; thus the centre pivot resists only location 
and traction forces. The member joining the centre 
Pivot to the bolsters could thus be made of much 
lighter section, and it was possible to obtain sufficient 
clearance for mounting a motor on the middle axle. 


The double bolster rests on bolster springs of the 
4 Booked | Actual 
laminated type. The axleboxes and the horn faces are Section of Run. Time, | Time, Remarks. 
provided with manganese-steel liners, the axleboxes Minutes.) Minutes.) 
—— broad flanges or lugs which press against spring- 
pads on the bogie frames. These cushion any | perby-Leiceste: 35 35 | Signal 

erceanive side blows transmitted from the wheels Leloester Bedford | 59 55 oe 

rough the axleboxes to the main bogie frame. The ~~ ~~ ir ie S| Senet hate. 
axleboxes are of the Timken taper-roller type. Sand- Peifend tee $2 os ow an 
my ——— into each corner of the bogie frame, and oe ‘striction. 
sand is fed to the leading and trailing wheels by com- | L@!cester-Derby .. —..|_ 87 S64. || Monel hana. 

; : Derby-Miller’s Dale. . ignal checks, 

pressed-air sand ejectors. \ Miller's Dale-Manchester ‘5 rid . —_— 

_ Dynamometer-car trials were carried out on engine | Manchester-Miller’s Dale 56 50 P.W. speed re- 
No. 10000 on January 14 and 15, 1948. The train con- Miller's Dale-Derh: aay 
sisted of 12 vehicles, including the dynamometer car; ever wee aed es 3 
the tare weight was 393 tons, this being equivalent to Shr. | 7 hr. . 
the scheduled maximum load which can be worked Sam. | Soames, 
to the same timings by a standard three-cylinder 4-6-0 


express passenger steam locomotive of power class 5X. 
No attempt was made to set up an exceptional perform- 
ance, the object being to adhere as closely as possible to 
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normal service conditions. The booked times and the 
actual running times (excluding the duration of station 
stops) are given in Table I, from which it will be seen 


TABLE I.—Test Runs of Diesel-Electric Locomotive. 























that the locomotive kept to the scheduled timings and, 





indeed, did slightly better. 


test train from Derby to London (St. Pancras), with 
intermediate stops at Leicester and Bedford;. for 
the total distance of 128-6 miles the average speed 
was 53-3 miles an hour. The minimum speed at 
Sharnbrook Summit was 42 m.p.h. On the second 
day, a run was made from St. Pancras to Manchester 
(Central)—which included the severely-graded Peak 
section—with stops at Bedford, Leicester, Derby and 
Miller’s Dale. The severe ient, 44 miles long, 
between Miller’s Dale and Peak Forest, including 3 miles 
at 1 in 90, was climbed in 8 minutes, start to pass, 
compared with the booked allowance of 10 minutes, 
The summit was pa: at 29 m.p.h. The average 
speed for the 128-6 miles from St. Pancras to Derby 
was 50-7 m.p.h., with a maximum speed of 75-0 m.p.h. ; 
and the average speed for the Derby-Manchester run 
(61-5 miles) was 40-5 m.p.h., the maximum speed 
again being 75-0 m.p.h. Finally, the test train 
returned from Manchester to Derby with a stop at 
Miller’s Dale. The distance of 61-5 miles was covered 
at an,average speed of 41-5 m.p.h., with a maximum 
speed of 73-5 m.p.h. Taking the runs as a whole, the 
maximum speeds on gradients and on the level were 
29 m.p.h. on 1 in 90 ; 41 m.p.h. on 1 in 120; 48 m.p.h. 
on 1 in 202; 65 m.p.h. on 1 in 500; and 69 m.p.h. on 
the level. The fuel consumption, including that used 
for light running when changing ends at a terminus, 
ete., was 442 gallons for 380-2 miles ; which is equiva- 
lent to 1-15 gallons per mile, or 10-07 lb. per mile, or 
0-0194 Ib. per gross ton-mile. A curve of tractive 
effort in lb., against speed in miles per hour, is given in 
Fig. 9, on this page. 

On February 23, No. 10000 went into regular 
passenger service, hauling the 8.55 a.m. express from 
Derby to St. Pancras, and returning to Derby with the 
2.15 p.m. train from St. Pancras. Running six days 
a week, this represented a weekly mi of about 
1,550. For a short time subsequently, the daily week- 
day working included a round trip between Derby and 
Manchester, which gave a total weekly mileage of 
2,268. From April 6, the locomotive was scheduled 
to do two round trips daily between Derby and 
London, hauling the 8.55 am. and 7.37 p.m. up 
trains, and the 2.15 p.m. and 11.50 p.m. down trains 
each week-day. This amounted to approximately 
3,100 miles per week of six days. The trains hauled 
on these runs consisted of between 9 and 12 coaches, 
and the fuel consumption averaged 1-03 gallons per 
train mile. On July 21, the London Midland Regi 
stated that No. 10000, having completed 51,300 miles, 
had gone into Derby Works for examination. The 
second 1,600-h.p. Diesel-electric locomotive, No. 10001, 
had already begun ite trials on July 5, and took the 
place of No. 10000 on regular passenger work. Since 
then, the preliminary trials have been made with the 
two locomotives coupled together on Euston-Carlisle 
expresses, as shown in Fig. 8. 





EXTENSIONS TO WITTON ELECTRICAL ENGINEERING 
Works.—The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, are to under- 
take the extension of their electrical-engineering works at 
Birmingbam and their mechauical-engineering works at 
Erith. The extensions will include a turbo-alternator 
shop which will enable the output of the company in 
this field to be almost doubled. It is hoped that the new 
works, the construction of which is to begin immediately, 
will be in production witbin 18 months or two years. 





EXHIBITION OF PLASTIC AND BONDED MATERIAIS.— 
An exhibition of new synthetic boards, plastic laminates, 
and resin-bonded materials was opened by Mr. Leslie 
Gamage, M.C., on Monday, October 18, at Murray House, 
Petty France, London, 8.W.1. The exhibition has been 
organised by the Council of Industrial Design, Tilbury 
House, Petty France, London, S.W.1, and will remain 
open until Saturday, November 13, between 10 a.m. and 
5 p.m. on Mondays to Fridays, and between 10 a.m. and 
12 noon on Saturdays. The purpose of the exhibition is 
to show some of the many uses to which synthetic 
boards and plastic materials and resins may be put, and 
to stimulate new designs and fresh applications. 





Rattway WAREHOUSE AT BIRMINGHAM.—A new 
warehouse used for storing non-ferrous metals and cement 
has been completed and brought into use recently at the 
Birmingham (Lawley-street) Goods Station on the 
London Midland Region. It is a steel-framed single- 
storey structure, 420 ft. in length, with an overall span 
of 84 ft. The storing deck provides a space of 2,000 sq. 
yards for metal and 1,000 sq. yards for cement; on one 
side of it there is accommodation for 20 wagons, and on 
the other side there are three cart bays, each 18 ft. wide. 
The warehouse is equipped with a wagon traverser, and a 
one-ton mono-Fail jib crane, running on an elliptical track 
and serving 10 wagons on one side of the deck and two 
of the cart bays on the other side, the metal-storage 





On the first day of the trials, No. 10000 worked the 


space being between the sides. 
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CONTRACTS. 


THE SAUNDERS ENGINEERING AND SHIPYARD, LIMITED, 
Beaumaris, Anglesey, North Wales, have received an 
order for 91 single-deck omnibus bodies from the Com- 
panhia de Transportes Coletivos, S& Paulo, Brazil. 
The Aclo Regal chassis to which the bodies are to be 
fitted are made by the AssocIATED EQUIPMENT COMPANY, 
LIMirEp, Southall, Middlesex. The ’buses each provide 
accommodation for 37 passengers. 

THE GENERAL ELECTRIC COMPANY, LIMITED, Magnet 
House, Kingsway, London, W.C.2, announce that 
PIRELLI-GENERAL CABLE WORKS LIMITED, Southampton, 
have been awarded a contract for 66-kV oil-filled cable 
to link East Perth power station with South Fremantle 
power station, via the Swan River railway bridge, 
Australia. Another contract for the supply of cables to 
the new South Fremantle power station has been secured 
by the same company. 

BRITISH TIMKEN LIMITED, Cheston-road, Aston, Bir- 
mingham, 7, are to supply all the axleboxes for the 
40 main-line electric locomotives to be built by the 
NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, Glas- 
gow, and the GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, for the South 
African Railways and Harbours. Brief particulars of 
the contracts appeared on page 322, ante. 

Messrs. CHANCE BROTHERS, LIMITED, Smethwick, 
Staffordshire, have received orders for lighthouse equip- 
ment in the Far East. They are to supply a prismatic 
glass optical apparatus and rotating mechanism giving 
@ flashing light of nearly half-a-million candlepower, 
and Diesel-engine driven electricity-generating plants in 
triplicate for the lighthouse on Corregidor Island, Manila 
Bay, Phillipine Islands. Similar equipment is to be 
supplied for a lighthouse in Kuraman Island, off Labuan, 
Br ish North Borneo. Other equipment recently ordered 
includes new large oil-burning optical apparatus for 
Tanjong Trang and Batu Tinagat lighthouses, North 
Borneo, and an electric installation for the Miri light- 
house, Sarawak. b 

During the past month, the British Electricity 
Authority, Great Portland-street, London, W.1, have 
placed orders for generating station and other equipment 
valued, in the aggregate, at 2,283,1081. ‘These include 
the supply and laying of 3-3-kV and lower-voltage 
cables for Agecroft power station, with ABERDARE 
CaBLES Liwrrep ; structural steelwork for main and 
ancillary buildings for Clarence Dock (Liverpool) power 
station, with FRANCIS MORTON AND CoMPANY ; founda- 
tions for Hufcoat (Accrington) power station, with 
Messrs. J. JARVIS AND SON, LIMITED ; superstructure 
for Croydon “ B ” power station, with Messrs. Sm R. 
MCALPINE AND Sons, Limtrep ; steelwork for Bankside 
power station, with Messrs. SiR WM. ARROL AND COM- 
PANY, LimITreD; coal-handling plant for Braehead 
(Glasgow) power station, with MESSRS. MAVOR AND 
CouLsOoN, LIMITED; coal-handling plant for Skelton 
Grange (Leeds) power station, with INTERNATIONAL 
COMBUSTION LIMITED ; 132 kV 2,500 MVA switchgear 
for Brighton substation, with ENGLISH ELECTRIC Com- 
PANY, LIMITED ; and 132-kV cables and pilot cables for 
Braehead, with PIRELLI-GENERAL CABLE WORKS 
LiwiTrep. ® 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ AMBRIZETE.”—Single-screw cargo liner, carry- 
ing 12 passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for the Sociedade Geral de Com- 
mercio, Industria e Transportes, Ltda., Lisbon. Main 
dimensions: 444 ft, by 58 ft. 9 in. by 37 ft. 8 in. to upper 
deck ; deadweight capacity, 9,100 tons on a draught of 
26 ft.1in. Four-cylinder North Eastern Marine-Doxford 
opposed-piston reversible oil engine, of 4,250 b.h.p., 
constructed by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne, to give a 
service speed of about 133 knots. Launch, October 4. 


M.S. “‘ ARRAIOLOS.”—Single-screw cargo liner, carry- 
ing 12 passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for the Sociedade Geral de Com- 
mercio, Industria e Transportes, Ltda., Lisbon. Main 
dimensions: 444 ft. by 58 ft. 9 in. by 37 ft. 8 in. to upper 
deck ; deadweight capacity, 9,500 tons on a draught of 
26ft.1in. Four-cylinder North Eastern Marine-Doxford 
opposed -piston reversible oil engine, of 4,250 b.h.p., con- 
structed by the North Eastern Marine Engineering Com- 
Pany (1938), Limited, Wallsend-on-Tyne, developing a 
speed on trial of 15-2 knots. Trial trip, October 5. 


8.8. “ SonsTDYK.”’—Single-screw vessel carrying latex, 
refrigerated and general cargoes, together with 12 passen- 
gers, built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the New York/Java service of the 
Holland-America Line, Rotterdam. Main dimensions: 
495 ft. by 65 ft. 6 in. by 41 ft. 6 in.; loaded draught, 
29 ft. 6 in.; gross tonnage, about 10,100. Parsons 
triple-expansion double-reduction geared turbines of 
10,500 s.h.p. giving a speed of about 16 knots, Trial 
trip, October 12 and 13. 


BOOKS RECEIVED. 


Ministry of Fuel and Power. Report of H.M. Chief Inspector 
of Mines for Years 1939-46. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 9d. net.] 

United States Department of the Interior. The Columbia 
River. A Comprehensive Report on the Development of 
The Water Resources of the Columbia River Basin for 
Irrigation, Power Production, and Other Beneficial Uses 
in Idaho, Montana, Nevada, Oregon, Utah, Washington 
and Wyoming. Being the Proposed Report of the 
Secretary of the Interior to the Congress. Sponsored 
and Prepared under the Supervision of the Bureau of 
Reclamation. The Commissioner, B of Rech 
tion, United States Department of the Interior, 
Washington 25, D.C., U.S.A. [Free.] 

Centrifugal and Azial Flow Pumps. Theory, Design and 
Application. By Dr. A. J. STEPANOFF. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 7-50 dols.) Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 45s. net.] a 

Non-Ferrous Castings. By R. F. Hupson. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 22s. net.] 

Essential Metallurgy for Engineers. The Causes and 
Control of Metallic Properties. By Dr. ARCHIRALD 
CoMLEY VIVIAN. Third edition. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 12s. 6d. net.] 

Magnesium. Its Production and Use. By ERNEST V. 
PANNELL. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 25s. net.] 

Television Explained. Aerial Technique, Circuits Analysed, 
Receiver Operation. By W. E. MILLER. Second edition. 
Published by The Trader Publishing Company, 
Limited. Distributed by Iliffe and Sons, Limited, 
Dorset House, Stamford-street, London, S8.E.1. 
[Price 3s. 6d. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Derailment Which Occurred on 18th May, 1948, 
near Wath Road Junction (London Midland Region, 
British Railways). H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.] 

The British Electrical and Allied Industries Research Asso- 
ciation. Technical Reports. No. W/T17. Barn Hay Dry- 
ing. By C. A. CAMERON Brown and F. G. Finn-KELcey. 
[Price 9s. 6d. net.) No. W/T17A. Barn Hay Drying. 
Recommendations for the Construction and Operation of 
Farm Installations. By C. A. CAMERON BROWN and 

} F. G. Finn-Kewcey. ([Price 9d. net.) Offices of the 
Association, 15, Savoy street, London, W.C.2. 

Department of Scientific and Industrial Research. National 
Building Studies. Bulletin No. 3. Concreting and 
Bricklaying in Cold Weather. By A. J. NEWMAN. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 6d. net.] 

Notes on Soldering. By W. R. LEwis. The Tin Research 
Institute, Fraser-road, Greenford, Middlesex. [Free.] 

Trigonometry Made Plain. By G. P, RAwWLINGs. 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, Kingsway, London, W.C.2. [Price 
7s. 6d. net.) 

Marking-Out Practice for Mechanics. By IAN BRADLEY 
and NORMAN HatLtLows. Percival Marshall and 
Company, Limited, 23, Great Queen-street, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.] 

Production Engineering. Practical Methods of Production 
Planning and Control. By J. S. MurpPHy. Published 
for the Machine Shop Magazine. IUliffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
S.E.1. [Price 12s. 6d. net.] 

Photographing Machinery. A Fotojob Book. By 
BERNARD ALFIERI. The Focal Press, 31, Fitzroy- 
square, London, W.1. [Price 7s. 6d. net.) 

University of Minnesota. Engineering Experiment 
Station. Bulletin No. 27. Water Permeability of 
Structural Clay Tile Walls. By PROFESSOR JOSEPH A. 
WIisE. The Director, Engineering Experiment Station, 
University of Minnesota, Minneapolis 14, Minnesota, 
U.S.A. 

Power Laundry Directory and Year Book, 1948. Compiled 
by the staff of Power Laundry. The Trader Publishing 
Company, Limited, Dorset House, Stamford-street, 
London, 8.E.1. [Price 15s. net.] 

Civil Engineering for the Clerk of Works. By VERNON 
C. WuHiTInGc and K. Muis. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 12s. 6d. net.] 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 12. Properties of Road 
Tars and Asphaltic Bitumens in Relation to Road 
Construction. By DR. A. R. LEE. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 9d. net.] 

Statistical Year-Book of the World Power Conference. 
No. 4. Data on Resources and Annual Statistics for 
1936 to 1946. Edited, with introductory and explana- 
tory texts, by FREDERICK Brown. The Central 
Office, World Power Conference 201-2, Grand Buildings, 











Trafalgar-square, London, W.C.2. [Price 45s. net.] 





PERSONAL. 


Sm JoHN DUNCANSON, who has been commercia! and 
technical director ef the British Iron and Steel Fe:lera- 
tion since vacating the position of Controller of Iron and 
Steel, Ministry of Supply, on June 30, 1945, has resigned 
to return to Scotland to become associated with com- 
panies: administered by Sir James Lithgow. Sir John 
will be succeeded at the Federation by Mr. E. W. SEnior, 
the immediate past Master Cutler of Sheffield. 


The Hon. J. KENNETH WEIR, C.B.E., has been elected 
a director of the Dunlop Rubber Company, Limited. 
Mr, J. M. BULLANE has been appointed the firm’s overseas 
sales manager. 


Mr. J. A. C. Manson, B.Sc., F.R.Ae.S., has relin- 
quished the position of Director of Aircraft Production, 
Ministry of Supply, held by him since 1943, to join the 
staff of the Fairey Aviation Company Limited, Hayes, 
Middlesex, as personal assistant to the general manager 
at Hayes, as from December 1. 


LIEUT.-COLONEL R. W. BurTuer, C.B.E., M.1.C.E., 
Divisional Road Engineer, Eastern Division, Ministry of 
Transport, is retiring on October 31. He is to be suc- 
ceeded by Mr. T. G. NEWCOMEN, M.1.C.E., who has been 
an Assistant Chief Engineer at headquarters since 1945. 
Mr. OC. E. HoLuinenurst, M.Eng., A.M.I.C.E., bas been 
appointed an Assistant Chief Engineer at headquarters 
in succession to Mr. Newcomen. 


Mr. J. M. OsBoRNE, A.M.I.C.E., managing director of 
Messrs. Dorman, Long (Africa), Limited, and a director 
of the parent company, Messrs. Dorman, Long and 
Company, Limited, Middlesbrough, has been appointed 
chairman of Messrs. Dorman, Long (Africa), Limited, in 
succession to the late ViscouUNT GREENWOOD. 


Mr. A. H. A. WYNN, M.A. (Cantab.), formerly research 
engineer to Messrs. A. C. Cossor Limited, has been 
appointed director of the Safety in Mines Research and 
Testing Stations of the Ministry of Fuel and Power, at 
Sheffield and Buxton, in succession to Dr. H. F. Cowarn, 
F.R.I.C., who is about to retire from the Public Service. 


Mr. A. J. WHITE has been appointed assistant chief 
regional officer, Eastern Region, British Railways, in 
succession to Mr. A. E. H. Brown, who was recently 
made chief docks manager for South Wales, Docks and 
Inland Waterways Executive. 


Mr. C. G. REDDINGTON, assistant district engineer, 
British Railways, Eastern Region, Stratford, has been 
appointed district engineer, Ipswich, in succession to 
Mr. J. R. DALLMEYER. 


Mr. J. W. Larne has been appointed, as from October 1, 
chief engineer of the Witton Engineering Works, Bir- 
mingham, of the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2. 


Mr. BRINLEY JonES, M.Met. (Sheffield), F.I.M., has 
resigned his position as senior metallurgist, Metallurgical 
and Research Department, English Steel Corporation, 
Limited, Vickers Works, Sheffield, to join the Climax 
Molybdenum Company of Europe, Limited as manager. 


Mr. G. A. Corrett, A.M.I.H.V.E., bas been awarded 
the degree of M.Sc. (Manch.) for his work on the measure- 
ment of the damping capacity of metals in torsional 
vibration, carried out in collaboration with Dr. K. M. 
Entwistle and Professor F. C. Thompson, of the Depart- 
ment of Metallurgy, the University of Manchester. A 
paper recording the results of the investigation was 
submitted at the recent Cambridge autumn meeting of 
the Institute of Metals and a report of the proceedings 
is on page 330, ante. Mr. Cottell has also received from 
the University the Cort Silver Medal in Metallurgy. 


Mr. S. B. HAINSWORTH, managing director of Messrs. 
J. H. Fenner and Company, Limited, has moved his 
headquarters from the company’s factory at Winewall 
Mill, Colne, Lancashire, to the new factory at Marfleet, 
Hull. 


Messrs. BURTON, GRIFFITHS AND COMPANY, LIMITED, 
announce that their Small Tool Division has been 
removed from Mackadown-lane, Marston Green, Bir- 
mingham, to Montgomery-street, Sparkbrook, Bir- 
mingham, 11. 

The Disposals Section of the MINISTRY OF SUPPLY 
Non-FERROUS. METALS DIRECTORATE has been moved 
from 2, Hyde Park-street, London, W.2, to 66-72, Gower- 
street, London, W.C.1. The new telephone number is 
Museum 8044, and the telegrapbic address: Metro} 
Westcent London. 


The Board of Trade announce that the DIRECTORATE 
oF PAINT MATERIALS has moved from Terminal House, 
52, Grosvenor-gardens, London, 8.W.1, to Horseferry 
House (Fourth Floor), Horseferry-road, London, 8.W.1. 
(Telephone : VIiCtoria 6800.) 

Messrs. AVELING-BARFORD, LIMITED, Invicta Works, 
Grantham, are removing their London office from 31, 
Sloane-street, to Morris House, 1-5, Jermyn-street, S.W.1, 
on November 15. Mr. C. G. Miller, M.I.Mech.E., remains 
London manager. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel—The steelworks continue to operate 
at near the maximum rated capacity, and plant generally 
ig standing up to the strain. Heavy steel scrap is coming 
forward regularly in adequate supply, and stocks are 
increasing slowly. Pig-iron outputs are’ also being 
maintained at a high level, with iron ore in good supply 
and supplementary coke deliveries from the North of 
England giving good support to the attenuated local 
supply position. Scottish makers are looking forward 
to further consolidation of pig-iron supplies when the 
Dutch and French quotas, agreed under recent trade 
arrangements, begin to arrive. Foreign business con- 
tinues to occupy a prominent place in the Scottish steel 
trade. The need to safeguard home industrial produc- 
tion, however, cannot be overlooked, and the extent to 
which makers and re-rollers can participate in overseas 
business is necessarily limited. The raw-material 
position of the re-rollers has eased slightly following 
the arrival of shipments of Belgian sheet bars. 

Scottish Coal.—Deep-mine outputs in the week ended 
October 16 were 472,100 tons, nearly 25,000 tons higher 
than the average of the four preceding weeks. With no 
holidays to interfere with production until the end of 
December, an improved standard of outputs is expected 
during the next two months. Deliveries to consumers 
have improved in most directions as a result of the 
higher outputs, but the shortage of graded fuel remains 
acute, particularly in Lanarkshire. General industrial 
users are being incommoded by the scarcity. Round 
coal is fairly adequate for house-coal merchants’ needs ; 
domestic sales are below last year’s level, and stocks are 
up by about one-fifth. Current deliveries to the railways 
are slightly short of programme, but stocks are satis- 
factory. Coke-oven supplies have been reduced owing 
to a strike at Kinnell Colliery, which produces about 
700 tons of coking coal daily. Export trade is on the 
usual lines, allocation tonnages being regularly stemmed 
for Eire, Sweden, Finland, and Denmark. A little 
unscreened coal was moving to France from Methil, but 
the traffic has ceased owing to the political situation. 
A cargo of 4,000 tons of bituminous gum was loaded at 
Methil last week for Lisbon. Gas coke is plentiful. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

Welsh Coal Trade.—The danger that coal production 
in South Wales during the coming winter might be 
adversely affected as a result of a breakdown in the ’bus 
services which convey the miners to and from the pits 
has been referred to during the past week by Mr. C. E. 
Ayres who, during the war, was Deputy Regional Trans- 
port Controller for South Wales. He is now operating 
superintendent of London Transport "buses and coaches, 
and has been visiting South Wales at the request of the 
operators engaged in the colliery services who have 
asked him to report on the position. He described it as 
chaotic, and said operators were not being paid mileage 
rates sufficient to cover running costs. Unless immediate 
steps were taken to remedy it, South Wales faced a 
Position as serious as it did in the early part of the war 
when, at One time, 50 per cent. of the vehicles were 
unserviceable. Although the output from the South 
Wales mines has continued to expand, the latest figures 
showing that, in the week ended October 16, the amount 
of saleable coal raised was 454,600 tons, compared with 
436,300 tons in the same period of last year, there was 
still insufficient coal to meet all the requirements of the 
Welsh steam-coal market. The iron and steel industries, 
as well as the public-utility undertakings and the railways 
accounted for very substantial quantities, while other 
industrial users were calling for heavy supplies and 
domestic requirements were larger. As a consequence, 
all large descriptions were well Placed with forward 
orders, and the washed small and sized classes were 
difficult to arrange for delivery over some months to 
come. Some of the inferior dry steam smalls, however, 
were obtainable without much difficulty. On export 
account, deliveries proceeded along steady lines to South 
America, while a sustained trade was available from 
Portugal. Deliveries to France were held in check by 
the labour troubles in that country. Cokes and patent 
fuel were in good demand and were very firm. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was good and 
that the business transacted was on a satisfactory scale. 
That being the case, makers’ order books were being 
Tapidly filled, In the export market sales were less 
numerous, although the demand was good. Steel sheets 
continue to be in very strong request from all quarters 
and makers are unable to accept much of the business 
Offered. Iron and, steel scrap, more particularly the 
heavier and better qualities, is also in urgent demand, as 
has been the case for some months past. Steel pro- 
ducers are eager to replenish their stocks. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The first evidences of a falling-off in 
business are in the crucible-steel trades which, owing 
to high costs of production, including dearer coal, gas 
and electricity and higher wages, as well as high purchase 
tax, find the demand has declined to such an extent that 
makers have ceased to operate some of their furnaces 
and have dispensed with the services of some men. 
Not all makers are affected, however. Export business 
has fallen off as American competition has increased. 
Some crucible-steel firms are suggesting that Government 
help shovld be sought in overcoming the difficulties. 
Siemens-acid steel is still in strong demand and production 
tends to increase. More high-carbon steel is reaching the 
rolling mills and forges, which are able to provide slightly 
fuller supplies of sheets and bars for the makers of steel 
products of various kinds. There is a sustained demand 
for edge tools. Colliery-engineering firms are very 
actively employed. Railway-material makers have well- 
filled order books and are reducing some old arrears. 
Railway-wagon building and repair shops are making 
headway with numerous orders especially high-capacity 
wagons for coal and coke transport 

South Yorkshire Coal Trade—The demand continues 
very strong, and production has increased at several 
pits until the week-end. Satisfactory allocations of 
large coal for export have been made, and the Humber 
dock facilities are working at full capacity. Locomotive 
hards continue in strong demand, and all industrial 
steams are in full request. Coking coal is moving 
satisfactorily to the coke works, which are trying to build 
up reserves of hard coke. Gas coal is in demand and 
the make of gas coke is being well maintained. Retail 
merchants are trying to attract buyers of unscreened 
coal and open cast slack, which are offered “ off the 


’ ration.”’ . 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Conditions in the North of England 
iron and allied trades continue to occasion anxiety, 
although they are regarded as less unsatisfactory than 
of late and are still improving. Many works are operating 
at or near the capacity limit and the process of modern- 
ising machinery and Buildings is unavoidably slow. At 
the same time, appreciable enlargement of the tonnage 
output is anticipated in the near future. Fortunately, 
raw materials are in ample supply and large deliveries 
of iron and steel scrap can be reported. The tonnage of 
scrap coming forward from home sources is on a much 
improved scale and further heavy cargoes of Continental 
battlefield metal have been unloaded on Tees-side. 


Foundry and Basic Iron.—The acute shortage of 
foundry pig iron covtinues to hamper the production of 
commodities wanted for home purposes and for shipment 
overseas. There seems uo likelihood of much increase 
in the small intermittent make of speciel Cleveland pig, 
and foundry owners between Tees and Tyne have to 
draw the bulk of their iron from distant producing areas. 
This, of course, involves expense, long railway haulage 
and irregularity in delivery. The production of basic 
iron is barely sufficient for the urgent needs of the makers’ 
adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
demand for East Coast hematite is greater than manu- 
facturers can meet, and the consumers’ stocks are 
therefore at a low ebb. Similar conditions exist in 
regard to low- and medium-phosphorus grades of iron, 
orders for which have had to be diverted to refined-iron 
works, where full activity of plant over the remainder of 
the year is now assured. é 

Manufactured Iron and — Steel.—Semi-finished and 
finished iron producers are busily occupied and have 
orders in hand that will keep the works in full activity 
until the next tonnage allocation period. Steelmakers 
are faced with embarrassingly heavy delivery obligations. 
There is a continued demand for the maximum supplies 
of steel semies. Home producers’ commitments prohibit 
the acceptance of new business and the small increase 
in the delivery of Continental commodities contributes 
but little to the large requirements of the users. Billets 
continue in strong request and sheetmakers are still keen 
buyers of bars. The big supplies of various descriptions 
of finished steel are far from adequate for customers’ 
urgent requirements. So extensive is the demand that 
even shipbuilders and engineers are on a limited fixed 
quota, and satisfactory parcels of material for railway 
requisites and colliery equipment are not easily obtained. 
An outstanding feature of the present situation is the 
enormous call for sheets for export, 





“IpEAL HomME ” EXHIBITION.—The 28th Daily Mail 
“‘Tdeal Home ” Exhibition will be held at Olympia, 
London, W.14, from March 1 to 26, 1949. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF TRANSPORT.—Metropolitan Section: 
Monday, November 1, 6 p.m., Livingstone House, 
Broadway, S.W.1. ‘‘ Railways and the Transport Act, 
1947,” by Mr. D. Blee. Midland Section: Tuesday, 
November 2, 6.30 p.m., Imperial Hotel, Birmingham. 
“A Transport Department; its Value to Industry,” 
by Mr. W. Ingleson. South Wales Section: Thursday, 
November 4, 7 p.m., Institute of Engineers, Park-place, 
Cardiff. ‘‘ Port of Cardiff,” by Mr. D. G. Hoppins. 

Society OF ENGINEERS.—Monday, November 1, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. ‘‘Soil Mechanics and the Practical Engi- 
neer,”’ by Mr. Charles B. Brown. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, November 1, 6 p.m., James 
Watt Institute, Birmingham. * Analysis-Synthesis 
Telephony and the Vocoder,” by Mr. R. J. Halsey and 
Dr. J. Swaffield. Measurements and Radio Sections: 
Tuesday, November 2, 5.30 p.m., Victoria-embankment, 
W.C.2. ‘Storage System for Use with Binary Digital 
Computing Machines,”’ by Professor F. C. Williams and 
Mr. T. Kilburn. North-Western Centre : Tuesday, Novem- 
ber 2, 6.15 p.m., Engineers’ Club, Manchester. ‘“‘ Appli- 
cation of Electricity to Horticulture,” by Messrs. C. A. 
Cameron Brown and E. W. Golding. East Midland Centre : 
Tuesday, November 2, 6.30 p.m., Loughborough College, 
Loughborough. ‘“‘ Design of High-Voltage Air-Blast 
Circuit Breakers,” by Messrs. C. H. Flurscheim and E. L. 
L’Estrange. North Midland Centre: Tuesday, Novem- 
ber 2, 7 p.m., Royal Station Hotel, York. ‘“‘ Electric 
Traction on the Southern Railway,” by Mr. C. M. Cock. 
Radio Section: Wednesday, November 3, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Design of Radar Syn- 
thetic Training Devices for the R.A.F.,” by Mr. G. W. A. 
Dummer. Southern Centre: Wednesday, November 3, 
6.30 p.m., City Council Chambers, Portsmouth. “‘ Load 
Dispatching and the British Grid System,” by Mr. A. R. 
Cooper. Institution: Thursday, November 4, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Projects Favourable 
to Direct-Current Transmission,” by Mr. F. J. Erroll and 
Lord Forrester. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 2, 5.30 p.m., Great George-street, S.W.1. Presidential 
Address, by Sir Jonathan Davidson. South Wales 
Association: Tuesday, November 2, 6 p.m., Mackworth 
Hotel, Swansea. “‘ Civil Engineering Work at the Abbey 
Works, Port Talbot,” by Mr. C. G. Sexton. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 2, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Mild Steel in Ship Con- 
struction,” by Messrs. W. Barr and A. J. K. Honeyman. 

INSTITUTION OF MECHANICAL ENGINEERS.—Storey’s- 
gate, St. James’s Park, S.W.1. Wednesday, November 3, 
11 a.m., “ Prospects of Land, Marine and Gas Turbines,” 
by Mr. Hayne Constant, F.R.S. 2 p.m., “ Part-Load 
Performance of Various Gas Turbine Engine Schemes,” by 
Messrs. D. H. Mallinson and W. G. E. Lewis. 4.30 p.m., 
“The Fuel Problem in the Gas Turbine,” by Mr. P. 
Lloyd. Thursday, November 4, 11 a.m., “ Axial-Flow 
Turbines,” by Mr. D. G. Ainley. 2 p.m., “Heat Flow 
in the Gas Turbine,” by Mr. A. G. Smith. 4.30 p.m., 
«< Three-Dimensional Flow Theories for Axial Com- 
pressors and Turbines,” by Mr. A. D. S. Carter. Friday, 
November 5, 6 p.m., “‘ On the Accuracy of Gear-Hobbing 
Machine Tables,” by Mr. J. M. Newton. 


NEWCOMEN SocreTy.—Wednesday, November 3, 
5.30 p.m., 4, Grosvenor-gardens, $.W.1. Annual 
Meeting. ‘‘ Locked-Coil and Flattened-Strand Wire 
Ropes,” by Mr. T. H. Davies. 

INSTITUTION OF ENGINEERS-IN-CHARGE.— Wednesday * 
November 3, 6.30 p.m., St. Bride Institute, Fleet-street» 
E.C.4. Presidential Address on ‘‘ The Steel Age,” by 
Sir William J. Larke. 


JUNIOR INSTITUTION OF ENGINEERS.— Midland Section : 
Wednesday, November 3, 7 p.m., James Watt Institute, 
Birmingham. “ Scientific Facts and Atomic Energy,” 
by Dr. R. D. Gifford. Institution: Friday, November 5, 
6.30 p.m., 39, Victoria-street, S.W.1. “ What is Nuclear 
Force ? ” by Dr. Herbert Chatley. 

INCORPORATED PLANT ENGINEERS.—Wednesdays 
November 3, 7 p.m., Royal Society of Arts, John Adam- 
street, Adelphi, W.C.2. ‘“‘ Electric Aro Welding,” by 
Mr. S. M. Reisser. 

INSTITUTION OF PRODUCTION ENGINEERS.—Glasgow 
Section : Thursday, November 4, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘‘ The Education of the Production 
Engineer,”’ by Mr. T. B. Worth. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 5, 6.45 p.m., Engineers’ Club, Manchester. 
“‘ Engineering Equipment of Factory Buildings,” by 
Messrs. C. Gordon Huntley and F. Buckingham. 
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SIX-WHEELED BOGIE FOR 1,600-H.P. DIESEL-ELECTRIC LOCOMOTIVE. 
(For Description, see Page 417.) 
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UNDERGROUND MINING MACHINERY EXHIBITION.— 
The Council of Underground Mining Machinery Manu- 
facturers are holding an Exhibition, illustrating the new 
trends in underground mining developed during the past 
few years, at Earl’s Court, London, S.W.5, from July 7 
to 16. 






LECTURES ON THE INTERNAL-COMBUSTION TURBINE.-— 
A course of three lectures on “‘ The Internal-Combustion 
Turbive ” will be delivered by Mr. W. Tipler at 6.30 p.m. 
on Thursday evenings, commencing on November 4, 
at the Sir John Cass Technical Institute, Jewry-stceet, 
Aldgate, London, E.C.3. The fee for the course is 5s., 
and application for enrolment should be made to the 
Principal prior to the opening date of the course, if 
possible. 






LLoypD’s REGISTER WRECK RETURNS.—<According to 
returns issued recently by Lloyd’s Register of Shipping, 
200 merchant steamers and motorships, making together 
388,423 gross tons, and nine sailing ships and barges, 
aggregating 7,512 tons, were totally lost or condemned 
in consequence of casualty or stress of weather during 
1947. Of these, 32 steamers and motorships, comprising 
50,983 tons, flew the British flag. Merchant ships 
otherwise broken up in 1947 totalled 191, aggregating 
759,300 tons. Fifty of these, totalling 119,465 tons, 
were from ports in Great Britain and Northern Ireland. Fie. 15. Boar UNDER ConsTRUCTION IN DeRpy Works. 
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WEAR AND LUBRICATION. 


Procress towards a fuller understanding of the 
mechanism of metallic wear in the presence of 
lubricants seems to have slowed up when Hardy 
and Beilby laid down their work, and the period 
between 1925 and 1935 is singular for the lack of 
any outstanding contribution to the subject. It 
is true that a great deal of theoretical water has 
flowed under the bridges since the first World War, 
and where experimental work has attracted attention 
it has usually offered somewhat narrow conclusions. 
Significant information, of an indirect nature as 
far as metallic wear is concerned, has come from 
mainly physical chemists ; names that come to mind 
are those of Dr. Irving Langmuir, W. D. Harkins, 
K.B. Blodgett, P. Woog and P. A. Rehbinder. A new 
impetus was given to the study of the subject, in 
1935, by Dr. F. P. Bowden, working at Cambridge, 
and since then a series of his papers, sometimes 
written in association with others, has enriched the 
knowledge of the subject, and, if the expression 
might be allowed, lifted it out of the doldrums 
of the period between the wars. 

Commencing with his announcement, in that year, 
of the “‘ stick-slip ’ nature of friction, Dr. Bowden’s 
work has carried the subject of wear and lubrication 
into a new field of speculation, and, like that of 
Hardy, has widened the horizon. The Bowden- 
Leben apparatus, used for much of the earlier work, 
consists essentially of a sliding base which supports a 
hemispherical friction member, carried on a bifilar 
suspension. The recording system is so designed 
that there is a minimum inertia, and the “ stick-slip ” 
components of what is called friction can be observed 
as a rapid fluctuation of ». Additional equipment has 
been designed and a Research Group on the Physics 
and Chemistry of Rubbing Solids has been estab- 
lished at Cambridge, under Dr. Bowden’s direction. 
This Group has already contributed valuable data 
on the process of friction and wear, and its work 
should prove of direct interest to industry. 

At the VIIth International Congress of Applied 





Mechanics, held in London from September 7 to 13, 
1948, several papers on lubrication were presented, 


409| those from the Cambridge Group indicating that 


ideas have moved forward into new fields since the 
last important meeting on lubrication, namely, the 
General Discussion on Lubrication and Lubricants, 
arranged, by the Institution of Mechanical Engineers 
in London in 1937. Indeed, these later contribu- 
tions tend to throw the earlier papers into a rather 
sharp contrast, with their attempts to explain rather 
than to measure. In passing, attention may be 


7 | drawn to the increasing tendency to amass empirical 


data in research work, rather than to undertake 
analytical work. 

In his paper on “Collisions Through Liquid 
Layers,” Dr. D. Tabor, of the Physical Chemistry 
Department at Cambridge, presented evidence 
to show that the high spot on one rubbing face 
can plastically deform that on another face with 
which it collides. This phenomenon had been 
suspected for some years, but adequate data had 
not been supplied previously. Using electrical means, 
he showed the time of impact to be in the region of 


424| 10-* to 10-* sec., depending on the hardness of the 


rubbing surfaces but not closely on the velocity of 
impact. The forces involved are considered to be 
sufficient, in certain instances, to permit plastic 
deformation. Apparently, metal-to-metal contact 
is possible through the liquid film which may be 
interposed between the surfaces, if the viscosity 
is low. On the other hand, if the viscosity is 
sufficiently high to discourage the escape of the 
fluid when the impact load is applied, deformation 
of the impacting surfaces can occur through the 
film. The required forces are transmitted hydro- 
dynamically. Tabor pointed out that there is a 
limitation on the viscosity which can be employed 
in practice, for an unduly high value can lead to 
internal heating of the film, estimated to be several 
hundreds of degrees Centigrade, due to shear. 
Such high temperatures would mean a reduction in 
the viscosity of the film. 

The practical implication of this work will be 
apparent, particularly in new working faces in 
process of being run-in, where there is room for a 
closer examination of the smoothing processes 
involved. Some years ago, a profile examination 
of metallic faces being run-in indicated plastic 
smoothing of high spots under carefully controlled 
operating conditions. In helical and spur gears, 
particularly the latter, there is considerable impact 
between teeth along the pitch line, while Blok has 
estimated, from experiments, the teshperature 
flashes occurring between high spots. . Another 
good example of impulsive loading is the bgll and 
roller bearing, quoted by the author of this paper, 
to which might be added, possibly, the particularly 
severe condition in the banks of roller bearings at the 
root of variable-pitch propellers in aircraft, where 
frettage of the housing, arising from vibration, has 
proved a problem. 

In a sense complementary to the above paper 
were the data presented by Mr. P. H. Thomas, under 
the title “‘ Surface Temperatures Due to Friction 
Between Sliding Solids,” which was not read at the 
Congress. It is to be expected that hot spots 
would accompany the collisions of high spots, and 
Thomas revealed that the area of the former is 
around 10-* sq. cm., under the particular conditions 
of the experiments. They last about 10~* to 10~* sec. 
For many metals, sliding on glass at approximately 
200 cm. per second and with a load of 200 gm., 
temperatures in the region of 500 deg. C. were 
observed. It will be recalled that it was Dr. Bowden 
who originally drew attention to the existence of 
these hot spots on rubbed metal surfaces, and that 
subsequently his investigations were turned to 
good account, by him and co-workers, in the exami- 
nation of the tribophysical origin of combustion in 
explosive powders, for the Australian Common- 
wealth Government. 

If some of the conclusions drawn by Mr. J. 8. 
MacFarlane and Dr. Tabor, in their paper on “ The 
Influence of Liquid Films on Adhesion,” were 
debated by those attending the Congress, the facts 
presented were, nevertheless, of considerable in- 
terest. A simple type of apparatus was used to 
show that the adhesion between chemically clean 
and dry metal faces could be negligible, a liquid film 
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being required between them to produce adhesion. 
It was considered that there is a relation between the 
adhesion due to a liquid and its surface tension, and 
an example was quoted of a force of ten tons being 
required to separate two optically-flat surfaces of 
1 in. in diameter, when interposed by a liquid 
film of 120 centistokes and of thickness 100 milli- 
microns. The probable effect of such adhesion on 
lubrication was pointed out by the authors. 

A nice example of the application of organic 
chemistry and physical chemistry to the phenomena 
of lubrication was offered by the paper entitled 
“Formation of Lubricating Layers on Metal Sur- 
faces,” by Dr. E. D. Tingle. The important fact 
was revealed that a fatty acid cannot provide effec- 
tive lubrication on a freshly exposed copper surface. 
The Bowden-Leben apparatus was used for this 
work, the hemispherical slider being preceded by a 
cutting tool, which exposed a track of fresh and 
unoxidised metal. A dilute solution of lauric acid 
was used, and, whereas this would show a friction 
coefficient of 0-05 at 20 deg. C. on a surface oxidised 
in the presence of moisture, the remarkably high 
value of 0-7 was revealed for the freshly exposed 
track. The. oxide layer usually present on a metal 
face is considered by Tingle to play an important 
part in lubrication, leading to the formation of a 
soap with a fatty acid. If the conclusions from these 
experiments are valid, they should serve to place 
further emphasis on the chemical nature of lubrica- 
tion, in which combination is required between 
lubricant and metal to ensure a low friction. That 
there is a great deal more to be learned of the basic 
mechanism of lubrication is suggested by the work, 
elsewhere, of Professor Lennard-Jones, to name only 
one, where the position of the lattice centres in a 
face is considered with respect to the adsorbed 
atoms of a monolayer lying upon it. Mr. Tingle 
himself has indicated (in Nature of November 22, 
1947) that moisture also is necessary to promote 
lubrication on a face, possibly forming an essential 
inter-facial layer between oil and metal. 

While it is in a somewhat different class, with 
regard to subject, from the above contributions, the 
paper of Dr. R. Schnurmann, of the Physics Depart- 
ment of Messrs. The Manchester Oil Refinery, 
Limited, on “The Mechanism of Friction in the 
Extreme Pressure Region,” proved no less valuable, 
clearing away, as it did, some misunderstandings 
about the four-ball testing machine. The author 
revealed that most of the abrasion in this apparatus 
occurs during the commencement of rubbing. The 
abraded volume of the balls was found not to be pro- 
portional to ing ‘time in the presence of a 
lubricant, although the friction might be sensibly 
constant. Friction torque also was observed to 
increase during the process of slowing to a stop. 
Measurements of the temperature rise in the cup, 
together with a knowledge of the thermal equivalent 
of cup and shaft, indicates that about 88 per cent. of 
the mechanical energy is converted into heat, 
leaving the balance for the separation of the electro- 
static charges. 


Two other papers which made up the section on 
lubrication in the Congress were “ Dimensions of 
Journal Bearings and Friction Losses,” by Mr. 
A. Fogg, and “ Rotational Friction,” by Mr. Z. 
Horak. It was to be expected that such a Congress, 
attempting to cover a very wide field in a mere five 
days of technical sessions, would not allow adequate 
time for the full presentatiou of papers and for dis- 
cussion even though, for the greater part of the time, 
four or five meetings were being held concurrently ; 
and it is to be hoped, therefore, that it may be found 
practicable to arrange for an international meeting 
to deal with lubrication alone, in the not too distant 
future. There is an evident need for a clearing 
house for information on new developments. Eleven 
years have passed since the General Discussion 
organised by the Institution of Mechanical Engineers 
and the volume of research work that has been 
undertaken in that period is impressive, as may be 
seen from a study of the Quarterly Bibliography 
on Lubrication that was compiled by the staff of 
the Science Library at South Kensington. This 
compilation was discontinued some two or three 
years ago, but the output of published work on 
lubrication and its phenomena continues, and the 
time appears opportune for a new stocktaking. 





SAND AND GRAVEL 
SUPPLIES. 


In volume, gravel is second only to coal in the 
mineral output of the country. Owing to its low 
intrinsic value, however, the conditions under which 
it can be worked profitably differ greatly from 
those of the more valuable material. As it is worth 
only about 5s. per ton at the pit, transport charges 
represent a proportionally heavy item in the cost 
at the delivery point and, as a consequence, it is 
generally utilised within a comparatively short 
distance from the point at which it is won. This 
procedure is made possible by the fact that gravel 
deposits are widespread ; there are few large areas 
which are more than 30 miles or so from an active 
or potential source. The site of a gravel pit is 
determined by geological, not by economic, condi- 
tions, and the majority of workings are not situated 
contiguous to railways, so that the laying of a rail 
siding to serve a pit would be an unusual proceeding, 
particularly as gravel workings have a compara- 
tively short life. Apart from this, the value of the 
material in terms of bulk is so low that it could not 
economically carry the charge for double handling 
which rail transport would involve. As a result of 
these considerations, gravel is transported by road, 
which is one of the reasons why it is usually obtained 
from a site not greatly distant from the point at 
which it is used. The only important exception to 
this rule arises in connection -with gravel dredged 
from a river bed, when water transport may be 
employed. 

Sand and gravel are general terms which cover a 
considerable range of materials. For building and 
engineering purposes, sand may be divided into 
“soft”? and “sharp.” The soft sands used in a 
variety of building operations are largely obtained 
from solid sand deposits, such as the Lower Green- 
sand ; sharp sands used as a fine aggregate in con- 
crete, are largely the residuum of gravel deposits. 
There are two main types of gravel which occur in 
workable masses. These are the gravel sheets de- 
posited during glacial times, and occurring locally in 
large masses ; and the valley gravels deposited by 
rivers. Some gravel soils containing a suitable pro- 
portion of sand form valuable agricultural land, par- 
ticularly for market-garden work, and as vegetables 
can be marketed more cheaply and probably in better 
condition if they are not subjected to the double- 
handling involved in rail transport, it is desirable 
that they should be grown sufficiently near to large 
centres of consumption to make road transport 
economically feasible. Much market-garden pro- 
duce is supplied to London by road, but none the 
less, large areas of suitable growing land in the 
London area have been lost to agriculture by the 
extension of other activities. The winning of sand 
and gravel is not a popular trade with those dwelling 
in an area in which a new pit is opened ; the general 
opinion appears to be that gravel working is a 
valuable and necessary activity as long as it is carried 
on somewhere else. One of the criticisms raised 
against the gravel industry is that it sterilises 
valuable agricultural land, but actually in this 
respect its misdeeds are probably small compared 
with similar effects caused by the indiscriminate 
building of houses and factories. 

Gravel is used as the coarse aggregate of concrete 
and as road metal, and demands for both these 
purposes are likely to increase in future years. It 
is accordingly of importance to know if supplies will 
continue to be available at reasonable cost. In Sir 
Patrick Abercrombie’s Report on the Greater London 
Plan, referring to a future increase in the demand 
for “‘ good sand and gravel,” it is stated that gravel 
reserves are abundant and that it will be reasonably 
practicable to meet all requirements by working 
deposits far afield. The Advisory Committee on 
Sand and Gravel, which was appointed by the 
Minister of Town and Country Planning in 1946 
are unable to agree with this statement and consider 
that available supplies in the London area are not 
“abundant ” from the point of view of probable 
future demand and that gravel working in the 
Chiltern Hills, as suggested by Sir Patrick, ‘‘ could 
not be achieved at a cost reasonable in all the 
circumstances.” 


a 

It is probable. that the detail survey of which 
particulars are given in the first report* of the Adyi. 
sory Committee represents the first really exhaustive 
investigation of the gravel position in London, ang 
that any opinions expressed by Sir Patrick Aber. 
crombie were necessarily based on inadequate data, 
Statistics of sand and gravel production which haye 
been collected in the past are incomplete and un. 
satisfactory. Before the year 1938, the Ming 
Department, now part of the Ministry of Fuel ang 
Power, maintained records, but ignored output from 
pits less than 20 ft. deep. - From 1938 to 1939 ful] 
returns are available, but after that time, until 1944, 
output from the smaller pits was disregarded. Ful] 
returns were again kept from 1945 but do not agree 
with similar statistics which have been collected by 
the Ministry of Works since 1942. In 1938, the 
output for England and Wales was about 23 million 
cubic yards, and the Ministry of Works estimates 
that a figure of 34 to 38 million cubic yards will be 
reached in the next few years. The Advisory Com. 
mittee accept these figures and consider that they 
may even be exceeded. 

London is the centre of greatest consumption and 
it is estimated that the demand may rise to 10 mil. 
lion cubic yards perannum. Whether this figure will 
be reached in five or twenty years the report does 
not attempt to say and the point is not of import. 
ance, as the Committee are concerned with long-term 
plans. As indicated by its title, the report, after 
a general consideration of the whole subject, passes 
to a detailed examination of conditions in the 
London area; other parts of the country will be 
dealt with similarly in later reports. London sup- 
plies of sand and gravel are obtained from the 
terrace gravels of the River Thames and its tribu- 
taries; the glacial or plateau gravels in South 
Buckinghamshire and South Hertfordshire; and 
the outcrops of Greensand of the Weald and beyond 
the Chiltern Hills at Leighton Buzzard. The first 
two groups yield gravel and sharp sand and the 
third, soft building sand. The terrace gravels have 
been worked for generations with the result that the 
industry has been driven outwards, increasing 
transport costs. In the western area, where it is 
estimated that, in 1939, there were some 23,000 acres 
potentially workable for gravel, much future supply 
has been lost by such projects as the Heathrow 
Airport, Metropolitan Water Board reservoirs and 
urban development, and only some 16,500 acres of 
potentially workable land remain. The report 
gives these figures and others for the remaining 
gravel fields round London and suggests that the area 
which it terms the Vale of St. Albans contains the 
only considerable reserve within economic range of 
the Greater London market. This “ Vale” runs 
roughly, from Rickmansworth to Hertford, and has 
been considerably less worked than other areas. 
Some of the gravel available is glacial and some 
has been deposited by rivers, as for instance, in the 
basin of the River Colne. It is pointed out, how- 
ever, that the high-level gravels in the Vale are of 
poorer quality than those of the river terraces and 
are more expensive to work, and that the mainten- 
ance of London’s water supplies may introduce 
difficulties in working some of the deposits near 
existing or projected wells. 

Although it is suggested that more attention 
should be paid to this northern area, this does not 
constitute the main point of the report. The 
important recommendation is that part of the 
limited gravel supplies should not be sterilised by 
building or other use of the land ; the gravel should 
first be removed. There has probably been no 
administrative machinery under which a programme 
of this kind could have been carried out in the past, 
but presumably action can now be taken under the 
Town and Country Planning Act. The report con- 
tains valuable information and advice indicating 
that land from which gravel has been won need not 
become derelict and that a project of gravel removal 
could be operated in conjunction with one for urban 
extension. Certain areas carrying particularly 
valuable agricultural soil, it is suggested, should be 
permanently excluded from gravel winning, building 
or any other non-agricultural activity. 





* Report of Advisory Committee on Sand und Gravel. 


Part 1. General Survey. Part 2. Greater London. H.M. 





Stationery Office. [Price 3s. 6d. net.) 
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NOTES. 


THe Stere. Inpvustry. 


TaaT the King’s Speech at the opening of the 
new session of Parliament on Tuesday, October 26, 
would contain some reference to the Government’s 
intention to nationalise the steel industry had 
been expected long before any more positive 
indications were given, but the extent of the pro- 

were still a matter for speculation, especially 
among those who have first-hand knowledge of the 
structure Of the industry and its numerous ramifi- 
cations. The actual wording of the Speech, there- 
fore, brief as the reference was, is of peculiar and 
far-reaching interest. After stating that Parliament 
would be asked to consider further the Bill to 
amend the Parliament Act, 1911—on which, of 
course, the passage of the steel nationalisation 
posals would depend—His Majesty continued : 
“4 measure will be laid before you to bring under 
public ownership those companies extensively 
engaged in the production of iron ore, or of pig iron 
and steel, or in the shaping of steel by a rolling 
s.”” Subsequently, it was announced that 
the full text of the Government’s proposals would 
be published to-day (Friday); the references to 
them in both Houses, therefore, in the opening 
speeches of the debate on the Address from the 
Throne, were couched in general terms only. The 
specific debate on the Bill itself promises to be one 
of the most significant in the history of Parliament, 
for it is no secret that many Members on the 
Government side hold contradictory opinions on 
this crucial measure. 


INSTITUTION OF MECHANICAL ENGINEERS. 


H.R.H. The Duke of Edinburgh was the principal 
guest at the annual dinner of the Institution of 
Mechanical Engineers, held at the Dorchester Hotel, 
Park-lane, London, W.1, on Thursday, October 21, 
with the President, Captain (E) William Gregson, 
R.N.R., M.Se., in the chair. The Duke, in a brief 
but entertaining speech, remarked that engineers 
could not all be inventors, but all could be im- 
provers. The toast of the Institution was proposed 
by Sir Frederick Bain, M.C., President of the 
Federation of British Industries. In paying tribute 
to engineers on behalf of industry he said that the 
nature of their work led them to show humanity 
towards those with whom they worked. It was 
often said, with reference to the early days of the 
Institution, that the great engineers were “ giants 
inthose days.” It should be remembered, however, 
that the number of engineers competing for the 
lading positions was small, and the technical stan- 
dards of the Institution to-day were very much 
higher. The Anglo-American Productivity Council, 
which would shortly be meeting, and of which he 
was @ member, would succeed only if both sides 
showed a willingness to learn from each other. 
The crux of the problem of the recovery of Europe 
was the recovery of Great Britain. It was amazing 
what had been achieved in this country, in spite of 
difficulties, but there was still much to be done. 
Engineers should ask themselves whether they were 
devoting sufficient thought to the problems, and 
saying what was needful to the directors, the man- 
agements and the men. With regard to research, 
Sir Frederick considered that, although it had its 
place in industry, no spectacular discoveries would 
Temove the necessity for individual effort. He 
would like to see more engineers engaged in the 
direction and management of industry. Captain 
Gregson, responding to the toast, referred to the 
Glasgow Summer Meeting, which, he said, had been 
& great success. The new Automobile Division was 
working harmoniously, and the total membership of 
the Institution was now over 30,000, of whom more 
than 17,000 were corporate members. Nevertheless, 
the qualifying standards of the Institution were 

ming stiffer. There had always been a high 
portion of marine engineers in the Institution, 
and they were deeply appreciative of the presence 
of His Royal Highness, especially as it was Trafalgar 
Dey. Dr. H. J. Gough, C.B., M.B.E., F.R.S., vice- 
President, proposed the toast of ‘‘ The Guests,” and, 
Mtesponding, Sir Amos Ayre, K.B.E., D.Sc., chair- 
man of the Shipbuilding Conference, remarked that 


the shipbuilding industry was hampered by restricted 
allocations of steel; he wondered whether those in 
high places realised that we were a maritime nation. 

The following evening, Friday, October 22, Captain 
Gregson delivered his presidential address at the 
Institution. He dealt particularly with the develop- 
ment of marine boilers in the period covered by his 
experience. A vote of thanks was proposed by 
Sir Claude Gibb, C.B.E., F.R.S., seconded by Dr. 
8.F. Dorey, C.B.E., F.R.S., and carried by acclama- 
tion. 

THE ANGLO-AMERICAN PropuctTiIviTy CoUNCIL. 


The Anglo-American Productivity Council, which 
has been appointed to implement the American 
proposal that a general review of production in all 
important British industries should be conducted, 
held its first meeting in London on Monday, Octo- 
ber 25, under the joint chairmanship of Sir Frederick 
Bain, President of the Federation of British Indus- 
tries, and Mr. P. D. Reed, chairman of the Board of 
the General Electric Company of the United States. 
Among the questions which will be considered are 
the delays that arise owing to the lack of raw 
materials, and the best methods of making United 
States productive skill available to British industry. 
Capital equipment, investment, quantity versus 
quality production, the meaning of productivity 
in relation to output, production costs, specialisation, 
standardisation and, perhaps, restrictive practices, 
are also to be discussed. During the present meet- 
ing, which will last about a fortnight, visits will be 
paid to a number of British factories. It is empha- 
sised, however, that these are not investigations 
or inquiries, but will be undertaken mainly to give 
the United States delegates, who are not primarily 
production engineers, information which will 
enable them to work out a programme with the 
British members. In dealing with this point at a 
Press conference, Mr. Reed said that the Americans 
approached the job with humility and recognised 
that they were not familiar with the special problems 
which had no counterpart in their own country. 
There were, moreover, indications that there would 
be areas where they could learn from the British. 
In this connection, it may be pointed out that both 
British and American trade unions are represented 
on the Council and that a useful interchange of 
opinion on research, education and production, 
subjects, which have tended to be neglected by such 
bodies in Great Britain, should therefore be possible. 
On the other hand, there is apparently no intention 
of bringing the nationalised industries within the 
scope of the inquiry, an omission which might well 
be criticised considering the help that might thus be 
given towards increased coal preduction. As a 
corollary, it has been suggested that British work- 
people and supervisors should visit American 
factories and that the next meeting of the Council 
should be held in the United States. 


Wrixp Action on SUSPENSION BRIDGEs. 


In the course of a speech after his inspection of 
a windtunnel and model of a suspension bridge 
with a centre span of 30 ft. and overall length of 
52 ft. at Thurleigh, Bedfordshire, on October 21, 
the Minister of Transport, the Rt. Hon. Alfred 
Barnes, M.P., emphasised the importance of this 
research in the design of the proposed Severn Bridge 
and also the value of the results of such experiments 
as a contribution to existing knowledge of the 
oscillation of suspension bridges of large span due 
to the action of forces of aerodynamic origin. 
Following a request early in 1946 from the Ministry 
of Transport to the Department of Scientific and 
Industrial Research, to investigate the matter, the 
work was initiated in the Aerodynamic Division of 
the National Physical Laboratory, Teddington, 
under the direction of Dr. R. A. Frazer, F.R.S. 
Since then, much time has been spent in investigating 
the characteristics of models of short lengths of deck 
platform in order that types of construction which 
proved to be unsafe in wind conditions of frequent 
occurrence might be rejected. Thus the form of 
construction most likely to be safe was determined ; 
the next step was to build a model of a complete 
bridge, so that the results of the sectional tests could 
be finally checked. Since no wind tunnel large 





enough to accommodate the complete model was 
available in this country, a model of the tunnel 


itself had to be made and tested to discover the 
precise shape and details of construction; this 
having been found, work on the tunnel was started 
shortly afterwards, and completed in the summer of 
1947. In more recent days, measurements of the 
air flow in the tunnel have been made, and manu- 
facture of the present model bridge undertaken. 
The model, which is constructed of light rigid com- 
ponents, with adjustable interconnecting springs to 
give the requisite overall stiffness, is mounted on a 
turntable so that it can be subjected to wind currents 
of varying velocities, up to an equivalent of about 
140 m.p.h. on the full-size structure, from all 
quarters. This is a high wind speed, much higher 
than has been recorded in this country, but it is 
important to study the motion of such structures at 
moderate, as well as high, speeds, since the ill-fated 
Tacoma Narrows Bridge collapsed in a wind of 
only 42 m.p.h., in a manner which was described in 
issue ENGINEERING, Vol. 150, page 481 (1940). 
The programme of tests on the model includes 
observations of the wave-forms and frequencies of 
oscillation, both in still air and in wind, as well as 
a study of the effect of such factors as tower flexi- 
bility, internal damping, and quartering winds. A 
second model, approximating more closely to the 
final design of the Severn Bridge, will be built in 
due course, and the experimental data utilised by 
the consulting engineers, Messrs. Mott, Hay and 
Anderson, with whom are associated Messrs. Free- 
man, Fox and Partners. The final tests with a 
model of the Severn Bridge will be awaited with 
considerable interest by bridge engineers in most 
countries, partly for their intrinsic value and partly 
as an essential step in the comparative study of the 
subject. It is worth noting in this connection that 
the Severn Bridge is to have two side spans of about 
1,000 ft. each and a centre span of 3,300 ft., com- 
pared with a centre span of 2,800 ft. in the case of 
the Tacoma Narrows Bridge ; only two suspension 
bridges, both in the United States of America, have 
longer central spans, namely the Golden Gate, 
4,200 ft., and the George Washington, 3,500 ft. 


THE PropucTIOoN ENGINEERING RESEARCH 
ASSOCIATION. 


The new offices and laboratory of the Production 
Engineering Research Association at Stavely Lodge, 
Melton Mowbray, Leicestershire, were officially 
opened on Tuesday, October 26, by Sir Geoffrey 
Heyworth, chairman of the Advisory Council of 
the Department of Scientific and Industrial Research. 
At.a luncheon in Stavely Lodge, at which the chair 
was taken by the Rt. Hon. Lord Riverdale, G.B.E., 
President of the Association, Sir Geoffrey quoted 
an address by Mr. Herbert Morrison, M.P., Lord 
President of the Council, in which Mr. Morrison 
declared that “‘ the research associations, together 
with the research laboratories maintained by the 
leading industrial firms and by the State, form the 
spearhead of the advance of British industry.” 
He added that while, in 1938, there were 21 such 
associations, having an aggregate expenditure of 
just under 500,000/., the number had increased to 
39 and their expenditure in 1949 would be over 
2,500,0001. The Association was particularly 
fortunate, Sir Geoffrey continued, in that so much 
of its laboratory work could be applied immediately 
in a works without having to pass through any 
tedious process of development, and that, when so 
applied, it provided a direct incentive to improve 
craftsmanship. He suggested that, in due course, 
‘“ P.E.R.A.” might find opportunities, outside of 
the purely technical sphere, to consider also the 
human factors affecting production; in course of 
time, he thought, the Association would be drawn 
more and more in the direction that some of the 
older research associations were finding profitable, 
namely, statistical and operational research involv- 
ing the scientific study of human factors. Related 
to these questions were the educational plans 
already in operation, such as week-end conferences 
attended by supervisors, foremen and leading 
craftsmen, and the arrangements whereby craftsmen 
of promise could be seconded to work in the Asso- 
ciation’s laboratories. He expressed the hope that 
the Association would secure the support of a large 
proportion of the 7,000 engineering firms who might 





expect to derive benefit from the work carried on 
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at Stavely Lodge. Under the guidance of the 
Director, Dr. D. F. Galloway, Wh.Sc., M.I.Mech.E., 
the party then toured the exhibition which had 
been arranged in the main building and in the 
workshops and laboratories. Most of the exhibits 
related to the performance of metal-cutting tools, 
but there were also examples of tests on cutting 
lubricants, wire drawing, the pressure under a 
rubber die, plastic injection-moulding, the vibration 
and temperature of ball and other bearings, optical 
measuring equipment, etc. Metallurgy, heat treat- 
ment and electronic equipment will be studied in 
other departments now in process of completion, 
and space is available for considerable extensions 
to the laboratories as circumstances may require 
and permit. 


Trarninec SCHEME FoR ELEcrrictry Suppiy STaFrF. 


The British Electricity Authority, in conjunction 
with the Area Electricity Boards, has prepared a 
scheme for training men and women graduates with 
& view to fitting them for positions on the technical 
engineering staffs of those bodies. Candidates for 
admission to these training schemes must possess 
either a degree in engineering of a British university, 
a Higher National Diploma or Higher National 
Certificate in engineering, or have passed the 
associate-membership examination of either the 
Institutions of Electrical or Mechanical Engineers. 
There will be a choice of three eourses, which will 
normally last two years. and Will include six months 
in a manufacturer’s works. The first course will 
be concerned with power-station operation and 
maintenance, the second with the construction, 
maintenance and operation of transmission systems, 
and the third with distribution. Generally speaking, 
students will concentrate on the particular subject 


which they have chosen, but will devote a short’ 


period to the work of the other two courses. To 
meet the wishes of selected candidates who desire 
more comprehensive instruction covering the whole 
industry, a three-years course will also be organised. 
On the other hand, shorter courses for ex-Service 
men, who have had practical experience before or 
during national service, are being considered. In 
addition, opportunities for training are being offered 
to ex-Service men who wish to enter the supply 
industry and are taking those intensive courses for 
National Certificates which require six months’ 
practical experience between the Ordinary and 
Higher courses. The rates of pay during training will 
be 2851. and 300/. per annum during the first and 
second year, respectively, with an addition of 25l. 
per annum for those working in the London area. 
Application forms for enrolment can be obtained 
from the Education and Training Department, 
British Electricity House, Great Portland-street, 
London, W.1, and, in the case of the course on 
distribution, from the secretaries of the respective 
Area Boards. 


120-MW Generatine Station at Krxaston- 
on-THAMES. 


The new generating station at Kingston-on- 
Thames, Surrey, which was formally opened by 
Their Majesties the King and Queen on Wednesday, 
October 27, is the first of the 25 stations, with a 
total capacity ef 7,600 MW, which comprise the 
British Electricity Authority’s programme for the 
period ending in the winter of 1952. At present, it 
is equipped with two main 30-MW sets and a 
3,000-kW house set, together with the necessary 
steam-raising and ancillary plant, but in the near 
future two further 30-MW sets will be added, 
bringing the total installed capacity up to 120 MW. 
In the design of the station, full details of which 
will appear in a subsequent issue, care has been 
taken to preserve the existing riverside amenities 
and to eliminate nuisance from grit, dust and noise. 
Steam is supplied at 625 Ib. per square inch and 
850 deg. F. from three boilers, each of 260,000 Ib. 
per hour output. Three-phase current is gener- 
ated at 11-5 kV and is stepped up to 33 kV, at 
which voltage all switching is carried out. The 
greater part of the output of the station will 
be fed into the grid through the Wimbledon 
substation. Their Majesties were received by the 
Lord Lieutenant of Surrey (Sir Malcolm Fraser, 
Bart.) and the Mayor of Kingston-on-Thames 





(Councillor Elspeth H. R. Oldfield), and, after a 
number of presentations had been made the Town 
Clerk (Mr. A. W. Forsdike) read an address of 
welcome, in which it was recalled that Kingston 
was one of the earliest authorities to supply elec- 
tricity to its inhabitants and was particularly proud 
of the part which the workpeople of the Borough 
had played in the production of aircraft. This 
address was handed to the King by the Mayor, 
who asked His Majesty to accept a silver model of 
the N 7-46 jet fighter, the modern successor to the 
“ Battle of Britain” Hurricane, as a memento. 
Lord Citrine, chairman of the British Electricity 
Authority, then asked His Majesty to declare the 
station open and to start up the generating plant. 
Before doing so, the King recalled that electricity 
was used in 1863 as a new form of lighting to 
illuminate London Bridge on the occasion of the 
wedding of his grandparents. During the inter- 
vening 85 years, it had become a vital factor in 
the national well-being and had been increasingly 
used in industry, transport, commerce, agriculture 
and medicine, both in peace and war. The new 
power station would make a real contribution to 
the supply of this commodity and he congratulated 
all who had been responsible for planning its con- 
struction and equipment. After a dedicatory prayer 
had been offered by the Bishop of Kingston (the 
Rt. Rev. F. O. Taylor Hawkes), the Royal party 
inspected the station, in which a tablet com- 
memorating the opening was unveiled and where 
further presentations were made, including repre- 
sentatives of the consulting engineers, contractors 
and workpeople, and the officials who will be 
responsible for the operation of the station. Soon 
after the departure of Their Majesties, the plant was 
put on load. 


ImPERIAL COLLEGE: COMMEMORATION Day 
LECTURE. 

The third Commemoration Day Lecture of Im- 
perial College, London, was delivered in the 
Jehanghir Hall, London, S.W.7, on Monday, Octo- 
ber 25, by Professor Herbert Dingle, D.Sc. The 
chair was taken by the Rector of Imperial College, 
Sir Roderic Hill, K.C.B. Professor Dingle, who is 
chairman of the Society for the Study of the History 
of Science, took as his subject the development of 
the study of heat and thermometry. Many diver- 
gent opinions were held, he said, regarding the 
origin of science, but it would suffice for his immedi- 
ate to commence his survey with Aristotle’s 
formulation of the theory of the four physical 
“* qualities °—hot, cold, moist and dry. Galen 
associated the idea of heat with the temperature 
of the human body and assumed that there could 
be a “ neutral temperature ” which was neither hot 
nor cold. Medical requirements dominated the 
study of thermometry until the Seventeenth Cen- 
tury. The invention of the thermometer was often 
attributed to Galileo ; but there was evidence that 
he was forestalled by Robert Flood, and the practical 
use of the thermometer as a scientific instrument 
might be credited to Morin. Petit regarded cold as 
a separate quality and Mariotte, the originator of 
Boyle’s Law, considered it as an absence of heat. 
The air thermometer, originally used, was super- 
seded by the end of the Seventeenth Century. The 
evolution of Fahrenheit’s thermometer provided a 
good example of the differing courses of development 
of science and logic, its scale being purely arbitrary 
and the final numerical values being quite different 
from the original. The Centigrade scale was intro- 
duced in 1742, but the nature of heat was still not 
understood, and it was not until 1787 that the 
revision of chemical nomenclature, then in progress, 
led Lavoisier to coin the term “ caloric ” to describe 
the supposed physical substance which caused the 
phenomena of heat. The whole course of the 
growth of knowledge of heat and thermometry 
showed, said Professor Dingle, that there was some- 
thing to be learned from history, even by the work- 
ing scientist ; and to predict future developments 
in the study of heat, it would be advisable to follow 
the historical rather than the logical course. It 
might well be that the scientists of the future would 
regard the Twentieth Century ideas of thermometry 
and the nature of heat much as those of the present 
day regarded the ideas of the Seventeenth and 
Eighteenth Centuries. 
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LETTERS TO THE EDITOR, 


LOCOMOTIVE POWER, EFFICIENCy 
AND RATING. 


To THE Eprror oF ENGINEERING. 


Smr,—With reference to Dr. Tuplin’s letter on 
page 376, ante, ‘“‘ what is known to be practicable” 
is the answer to his opening paragraph. He jy 
entirely correct in stating that no efficiency.gain 
could be ascribed solely to higher boiler pressure, 
Steam, in a boiler, has potentialities only— it oust be 
utilised in an engine : and, as stress considerations 
alone demand differences in the means of utilisation 
for appreciably higher pressures, it is impossible 
to gain anything solely by higher boiler pressure, 
If, however, he really means that, in the past, rather 
too much attention has been devoted to raising 
boiler pressures (in new designs) and that too little 
to providing the most effective means of utilising 
the steam expansively and minimising losses, he has 
my substantial agreement. Nevertheless, increased 
steam pressure provides the fundamental potential 
gain in efficiency, Some of Dr, Tuplin’s more dog. 
matic quantitative assertions are belied by pub. 
lished tests. To quote one example only, the 
Pennsylvania Railroad has achieved simultaneously 
gains of over 20 per cent. in both power-for-weight 
and thermal efficiency (at maximum power output) 
by the main fundamental change of a 50 per cent, 
increase in steam pressure ; of course, with essential 
design changes to use it more effectively with 
greater expansion. The concluding paragraph of 
Dr. Tuplin’s last letter suggests that he cannot pro. 
duce a thoroughly-authenticated proof of any British 
locomotive developing 50 drawbar horse-power per 
square foot of grate area, on the level without gravi- 
tational assistance. An extensive random-sampling 
of the several thousands of cases of locomotive 
performance recorded in The Railway Magazin 
(which were recorded there, presumably, because 
they were particularly good, but none of which 
states drawbar horse-power per square foot of grate 
area), reveals, when the calculations are made, only 
scores of power-output maxima below 40 drawbar 
horse-power per square foot of grate en the level; 
no case, even among those which appeared most 
promising, exceeded this figure. 

Yours faithfully, 
R. Opts. 
London. 
October 18, 1948. 





OBITUARY. 


SIR PETER RYLANDS, BT. 


WE note with regret the sudden death of Sir Peter 
Rylands, Bt., J.P., which occurred at his home, 
Massey Hall, Thelwall, near Warrington, om 
October 22. William Peter Rylands, who was for 
many years chairman and ing director of the 
old-established firm of Rylands Brothers, Limited, 
wire manufacturers, Warrington, was the third 
son of the late Mr. Peter Rylands, M.P., of Massey 
Hall, and was born on October 23, 1868. He was 
educated at Charterhouse and afterwards went up 
to Trinity College, Cambridge. He was called to 
the Bar and became a member of the Inner Temple 
in 1894. Soon afterwards, however, he entered 
the family firm and, in 1898, was appointed managing 
director. Subsequently, he was elected chairmal, 
and maintained his interest in the firm until his 
end; in fact he was in his office as usual on the 
morning of the day of his death. Rylands was 
elected President of the Iron and Steel Wire Manv- 
facturers’ Association in 1900 and occupied this 
position for nearly forty years. He served also # 
President of the Federation of British Industries 
from, 1919 until 1921, of the Iron and Steel Institute 
in the 1926-1927 session, and of the National Federa- 
tion of Iron and Steel Manufacturers in 1930. He 
had been a member of the Iron and Steel Institute 
since 1901. Created a Knight in 1921 and a Baronet 
in 1939, Sir Peter served as High Sheriff of Cheshire 
in 1935-36. He also served as a member of the 
Court of Governors of the University of Liverpool. 
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ENGINEERS’ PROBLEMS IN THE 
MEASUREMENT OF STRESS AND 
PRESSURE.* 


By J. G. G. Hempson, A.M.I.Mech.E. 


Tur scope of the title of this talk is obviously very 
wide, so that it is only possible to give an outline. We 
shall confine ourselves to dynamic measurements, as here 
most of the shortcomings lie and the room for improve- 
ment is greatest. Wherever possible, however, the 
measuring system should have a static response, if 
only for convenience of calibration, as well as faithfully 
following transient changes of the quantity being 
measured up to whatever frequency limit is considered 
necessary. Perhaps the best way of dealing with the 
subject is to state the ideal requirements of the engineer 
or physicist in a certain case and contrast them with 
the best that contemporary technique can accomplish. 
A further limitation of range may be given: all the 
methods considered involve the conversion of the 
quantity to be measured directly or indirectly into a 
corresponding electrical quantity, i.e., a current or 
potential. To some this might appear a rather 
sweeping limitation, but requirements of low inertia; 
lack of disturbance to the s under observation, 
and the need for remote indication force this upon us 
in all but a few specialised cases. Following the method 
suggested above, let us consider the ideal requirements 
for recording a changing pressure in a vessel such as 
a chemical-reaction bomb or the combustion chamber 
of an internal-combustion engine. Firstly, the pressure- 
sensitive element should be as small as possible and 
have its sensitive surface or membrane flush with the 
wall of the vessel and not connected to it by a 
which may give rise to spurious pressure waves. Its 
calibration should be unaffected by time and tempera- 
ture. It should be immune to any unwanted excitation 
such as shock and vibration. The electrical output 
should bear a strictly linear relationship to pressure 
over the whole working range, and hysteresis must be 
absent. A given ure cha must produce the 
same electrical output for all frequencies from zero to, 
say, 100 kilocycles per second. The sensitivity must 
be high so that the minimum amount of amplification 
is required to operate a suitable recording or indicating 
device. It must be possible to interpose long lengths 
of cable between the pressure pick-up and tke recorder 
without spoiling any of the above qualities, and an 
rig cer Mem standard of insulation resistance, 
which may impossible to maintain under damp 
conditions, must not be demanded. 

No type of transducer known to the author more 
than partly fulfils even the majority of the above 
conditions. Nearly every physico-electrical effect 
known to science has been pressed into service by some 
ingenious investigator as a means of measuring pressure. 
Among them are the piezo-electric effect, magneto- 
striction, variation of resistance either by the effect 
of pressure on a semi-conductor such as a stick of carbon 
composition, or the deformation of a membrane 
stretching fine wires ; SS either by 
varying the impedance of a coil by altering the air gap 
in the magnetic system, or as a tor; variation 
of capacity by employing a condenser, one plate of 
which is an elastic membrane subjected to the pressure ; 
and lastly modulation by various means of a light 
beam falling on a photo-cell. 

These many methods fall short in different ways and 
the physicist or engineer should maintain an open mind 
and choose the one of which the limitations are least 
vital in his particular problem and not become a 
bigoted devotee of one system. In extreme cases, it 
may be desirable to investigate the same phenomenon 
by two different methods to obtain all the data 
re . 

Considering in greater detail the methods mentioned : 
the piezo-electric effect was one of the earliest to be 
used and reached its greatest development in Germany. 
It is incapable of a true static response unless the 
insulation is perfect and the input resistance of the 
amplifier infinite: obviously impossible conditions. 
The crystals are temperature sensitive and usually 
Tequire protection by a or special coolin; 
means. However, the units can be made compact, o 
high natural frequency and can be operated on long 
cables with suitable autions. Magneto-eteietion 
units are unsuitable for dynamic use on almost all 
counts, being temperature sensitive, non-linear and 
having considerable hysteresis. The variation-of- 
Tesistance class of transducers have many attractions 
and aiso many pit-falls. The first commercial electrical 
pressure indicator (the Metro-Vick Dodds) used this 
system, —_s carbon composition as the resistance 

ment. owever, such elements are temperature 
sensitive, unstable with time, subject to hysteresis, 
and of uncertain performance at high frequencies. 





* Evening lecture delivered to Section G of the 
British Association, at Brighton, on Thursday, Septem- 
ber 9,1948. Abridged. 





Advantages are high sensitivity and simple associated 


electrical circuits. The production of a really stable | lati 


ressure-sensitive resistance material would revive 
interest in this class. The sub-species where a fine-wire 
assem bly similar to a resistance-strain gauge is stretched 
by a deformable membrane is represented ¥ the 
Statham gauge, available commercially in the United 
States, and consisting of a grid forming the complete 
four arms of a bridge circuit, which is connected to a 
membrane, two sections being subjected to increasing 
tension and two to decreasing tension. Such units 
tend to be bulky and of limited frequency response, 
but have good sensitivity and are quite suitable for 
many ee Yet another variant, which has 
been by several British workers, including the 
author, is that where the strain-sensitive winding is 
wound directly on a pipe carrying the fluid the pressure 
of which is to be measured. Temperature compensa- 
tion is difficult with such elements, and the passage 
formed by the pipe is undesirable unless it can be 
made part of the system. 

A short digression is perhaps justified here to refer 
to a class of problem for which such transducers are 

rticularly suitable. This class is the investigation of 

igh-pressure hydraulic systems, such as the injection 
systems of oil engines. Here we are dealing with very 
high rates of pressure change, up to 30,000 lb. per 
square inch per milli-second, the volume of the system 
is small, pad gt stiffness is high. Here it is obviously 
undesirable to interpose extra volume, deformable 
diaphragms and communicating . In extreme 
cases, it has been found that the form of the injection 
has been so upset by the presence of the pressure unit 
as to make any measurements quite useless. If, how- 
ever, pressure can be measured by means of the strain 
produced in some part of the system, such as a fuel 

ipe, no disturbance is caused. this case, the 
eature of lack of disturbance takes precedence over all 
others in the choice of the most suitable transducer, 
which is the circumferential strain gauge. In the 
author’s construction, some slight elaboration of the 
simple conception is used. A short length of bronze 
pipe is interposed im the usual steel pipe, having the 
same bore as the rést of the pipe and making smooth 
flush joints with it. The purpose of this is twofold : 
the avoidance of magneto-striction effects, which might 
be produced by straining a ferro-magnetic material, 
and a lowering of the elastic modulus of the material, 
giving a somewhat larger strain for the same stress 
and thus improving the sensitivity. It may be said 
that the stiffness of the system is altered by the insert, 
but the effect is very small indeed. The strain-gauge 
section is protected against mechanical damage and 
bending by being spanned by a rigid bridge-piece. 
Temperature compensation is of secondary importance, 
as the flow of liquid ensures fairly constant conditions. 
Long-term zero stability is not important, but a true 
static response is desirable to observe any changes in 
mean line between successive injections which 
may occur as the quantity and duration of injection is 
altered. 

Returning to the survey of transducer principles, we 
come to the electromagnetic type, considering first the 
generator type where movements of a ferro-magnetic 
diaphragm induce small voltages in a solenoid having 
a permanent-magnet core, in principle like a telephone 
earpiece working in reverse. This type has had exten- 
sive commercial application in the Standard Sunbury 
indicator and within its limitations has rendered good 
service. The units are compact, cheap and robust, 
but the principle has many disadvantages: the voltage 
output is not proportional to pressure or displacement, 
but to the rate of change of these and thus where a 

ressure or di ent diagram is required, electrical 
integration is needed. Obviously it has no static 
response and the lower limit is set by the performance 
of the integrating circuit, which at low frequencies 
presents many difficulties in regard to accuracy and 
stability. Although the pick-up units can have a 
high natural frequency in the mechanical sense, the 
tee of the coil system as a whole is less satis- 

actory at the top end ; it is temperature sensitive and 

the diaphragm also requires protection from high 
temperatures. Spurious excitation can be’ produced 
by mechanical vibration unless very great care is 
taken in the mechanical construction. In the author’s 
opinion, this principle is best confined to cases where 
the rate-of-change diagram is actually required, where 
it is probably a better solution than the differentiation 
of the output of a transducer giving a direct pressure- 
related voltage, or where a qualitative pressure indi- 
cation is required over a moderate frequency range and 
its compactness and robust construction are of para- 
mount importance. 

In the electromagnetic units where the change of 
impedance of a coil is produced by altering the air gap 
in some part of the magnetic circuit, a high-frequency 
energising supply is required which must have a fre- 
quency at least five times that of the highest frequency 
it is desired to record. This makes it unsuitable for 
rapid phenomena and introduces problems of stability 





of exciti frequency and voltage and accurate demodu- 
ion. However, it is successful in applications such 
as shaft torque meters, where the angle of twist of a 
short length is measured and used to determine the 
ee 
certain t of strain le 

he nent cies of slomtnaer te tins dy ing on 
change of capacity. This principle is one of increasing 
importance and popularity and, in its most refined 
developments, probably most nearly meets our original 
list of requirments, although at the expense of consider- 
able electronic complexity and careful operational pre- 
cautions. To convert a change of capacity into a 
change of voltage or current, various circuit arrange- 
ments may be used. The oldest and simplest consisted 
of merely applying a direct-current potential to the 
pressure-sensitive condenser through a very high 
resistance and applying the potential across it to the 
input of an amplifier. If the feed resistance is high, 
the total charge in the condenser will remain approxi- 
mately constant during the period of any cyclic pheno- 
menon, and thus the potential will vary with the 
capacity of the condenser at any instant. This simple 
scheme, however, has no static response and depends 
on maintaining very high insulation resistance and 
has never been used successfully to any extent. 
Another method used with some success is to make 
the pressure unit one arm of a capacity bridge suppliea 
with a high-frequency _——— of about 100 kilocycles 
per second. Usually the bridge was actually mounted 
on the pick-up unit to avoid lead effects, making it 
rather bulky. However, this method, although giving 
a static response, has given way to methods in which 
the capacity change is used to modulate a radio- 
frequency carrier. This scheme has various exponents 
in this country and in the United States, and was 
subject to development at the Royal Aircraft Estab- 
lishment, Farnborough. In its present form, it com- 
prises a small local oscillator of robust and non-micro- 

honic construction, the frequency of which is modu- 
lated by the pick-up unit connected by a short length 
of non-microphonic cable. Between this oscillator 
and the main electronic equipment, comprising dis- 
criminator, amplifier and oscillograph, long cables may 
be used without trouble or danger of spurious effects. 
A high carrier frequency of two megacycles is used. 
The system has a static res and an upper fre- 
quency limit only set by the mechanical limitations 
of the diaphragm. The units can be made fairly 
small, although sensitivity and consistency are lost 
if this is carried too far. They are affected by tem- 
perature and fairly thorough cooling is necessary, 
adding to the size; also the response fs not funda- 
mentally linear, but is improved by a composite 
dielectric, part air and part mica. The associated 
electrical apparatus is somewhat complex and requires 
careful setting up and standardisation. This system, 
however, is satisfactory for many applications and 
may be the best for some. Further development is 
tndouleedly required, especially of the pick-up units 
themselves, but it should be rewarded. 

Lastly, we come to the class of transducers where 
mechanical action controls the amount of light reaching 
a photo-cell from a lamp. This is also a system of 
some antiquity, possibly the earliest example being 
that of André Labarthe, in France, who provided a 
diaphragm with an outer surface polished as a mirror. 
Alight beam was directed on to the mirror and reflected 
back to a photo-cell. Pressure on the diaphragm 
caused the mirror to become convex and make the 
reflected beam divergent, reducing the light intensity 
on a given area. Attempts were made to place the 
diaphragm mirror flush with the walls of the com- 
bustion chamber, but difficulties of thermal distortion, 
and of maintaining a uniform reflecting surface at 
high temperatures, were encountered. The response 
was non-li and only a small modulation 
was available: about 10 per cent. The optical effi- 
ciency was very low, requiring large light sources 
which were difficult to stabilise adequately. In spite 
of some further work in the United States, this system 
has not attained any great popularity. 

Another rather strange method was evolved, also in 
France: the pressure in a hydraulic system was com- 
municated to a small glass block by a piston. This 
block was situated between two polarising filters, as 
in a photo-elastic investigation, and pressure changes 
caused the position of a fringe, which was partly 
focused on a photo-cell, to move and so control its 
output. Although this system worked, it was too 
complex to have other than a very limited application. 

The final type of photo-electric transducer is one 
with the develooment of which the author has been 
personally concerned, and though, like all others, it 
has its limitations, it has proved versatile and useful 
in many investigations. It has been made possible 
by the development of satisfactory small-emission type 

hoto-cells, both of the vacuum and gas-filled — 
Tt comprises a small photo-cell and lamp mounted close 
together and separated by a partition in which is a 
slot. This slot is closed by two small vanes, one ~ 
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fixed and the other attached to the diap » or 
moving part, the motion of which is being investigated. 
Tn a pressure gauge, the slot formed by the clearance 
between the vanes is usually very small, of the order of 
0-01 mm., and deflection of the dia opens it 
wider, having a normal range of about 0-02 to0-05 mm. 
Such an assembly can be quite small and compact, 
having a diameter of about 35 mm. Suitable designs 
of lamps and cells are little affected by vibration and, 
although the lamp is of only about 1 watt, the sensi- 
tivity is sufficient, in the majority of cases, to operate 
a@ cathode-ray~tube with only one simple — ‘of 
amplification. The light-modulation range is large, 
up to 75 per cent., and the small power required for the 
lamp es good stabilisation of its supply a simple 
matter. The response, both in theory and practice, 
is linear and the mechanism can be easily used for 
varied applications, which is.an important attribute in 
research work. 

Having dealt with pressure transducers, it remains to 
mention those used for the t of hanical 
stress. Many of the principles described can be 
adapted to this end. Strain gauges involving change 
of capacity or inductance have m used by many 
workers, and in some cases commercially produced, 
but by far the most popular is the wire-resistance strain 
gauge, the principle of which has been mentioned 
already in connection with pressure measurement. 
For mechanical strain measurement its form will be 
familiar to many, usually consisting of a zig-zag of 
nichrome wire about 0-02 mm. in diameter between 
two thin layers of paper. This is cemented to the 
structure in the direction of stress, and the degree of 
strain in the structure is measured by the change of 
resistance of the wire grid. Many variants of this as 
regards size and shape exist, including triangular triple 
gauges which allow the direction of an unknown stress 
to be calculated. Prior to the general acceptance of 
the wire gauge, considerable use was made on the 
Continent of gauges using a semi-conducting film 
deposited on paper or other backing, but although high 
sensitivity was obtained, stability was lower than the 
metallic-wire type and, to the best of the author’s 
knowledge, their use has been abandoned. However, 
the wire gauge is by no means an ideal tool and some 
of its shortcomings are serious. Firstly, it averages 
the stress over its active length, and although this 
can be reduced, at the expense of sensitivity, down to 
} in., or even less, it is of little use in determining stress 
concentrations at holes, edges and discontinuities. 
Secondly, compensation for temperature is difficult, 
especially if the stressed material has a widely different 
coefficient of expansion from the gauge wire. Thirdly, 
its output in terms of voltage is low, making it awkward 
for use with direct-coupled valve amplifiers. Finally, 
a universally satisfactory means of cementing it to 
structures has yet to be found. In spite of all these 
points, it is usually the best tool we have so far for 
mechanical stress measurement. 

Leaving the question of transducers we come to the 
next link in any system, the amplifier necessary to 
i the output of the pick-up unit to a level needed 
to operate a suitable recorder or indicator. Having 
chosen the primary conversion method, we usually have 
little choice ; obviously the amplifier must be free from 
distortion and phase shift and be adequately stable in 
operation whatever its type. 

In almost all cases it is a thermionic-valve amplifier 
of some sort, only in a few cases, where a very low fre- 
quency limit is permissible, can use be made of electro- 
mechanical or magnetic amplifiers. However, the 
latter should be capable of greater utility if higher fre- 
quency energising supplies are employed. The com- 

lexity of the amplifier section of the equipment 

hen a simple single stage audio-frequency amplifier 
required for photo-electric transducers, through 
multi-stage audio-frequency amplifier with integration 
for electromagnetic units to the oscillator, discrimina- 
tor, and driver sections required for variable-capacity 
units. The type of amplifier, or at least its output 
stage, is also influenced by the form of indicator or 
recorder which it is desired to use, and this brings us to 
the last link in the chain. It is easy to postulate ideal 
features for this, in the same manner as we have done 
for the transducer. The ideal would comprise a large 
continuously visible representation of two or more 
phenomena in their correct phase relationship, bright 
enougi to be seen easily in normal light and capable 
of being captured as a permanent record by pressing a 
button ; the record being immediately available with- 
out external processing, large enough for measurements 
to be made directly from it, and capable of dealing with 
the highest trace speeds encountered in practice. Asin 
the first link in the chain, we are not yet in sight of a 
universal solution to comply with the conditions stated, 
although in this case we are perhaps nearer, the short- 
comings being rather those of convenience than of 
technical performance. 

Broadly, three types of displaying or recording instru- 
ment are available. Pen recorders for low frequencies, 
up to say 7U cycles per second, mirror oscillographs for 














medium frequencies, and last, but not least, the cathode- 
ray oscillograph for all frequencies. Dealing with these 
in the above order, we will refer to what is probably the 
most modern type of pen recorder—the Hughes high- 
speed type, which meets almost all the requirements 
except that of frequency range, which is only 100 cycles 
per second at the most. Instead of an inked pen, only 
a smooth stylus is employed with a special paper called 
Teledeltos paper, which is of a semi-conducting nature, 
and a small voltage is maintained between the stylus 
and a metal drum over which the “— is passing, re- 
sulting in a very fine black line bemg made on the 
per at the point of contact of the stylus. Up to 
our pens can be used on a single record and this is 
continuously visible and requires no processing. 

Next on the list is the mirror oscillograph, comprising 
various developments of the original Duddell instru- 
ment. These have been made with usable frequency 
limits as high as 10 kilocycles per second, although the 
sensitivity is low under such conditions. They give a 
good fine line, are compact, so that several may record 
on a single strip of film or paper, but are unsuitable for 
visual observation unless an oscillating mirror or other 
device is used to give a second dimension to the 
oscillogram. This, however, is usually impracticable 
and a cathode-ray tube is used for visual monitoring. 
Mechanical damping is usually needed to obtain the 
desired frequency range and this is liable to change and 
so alter the characteristics of the instrument. Together 
with the pen recorder, they are usually of low impedance 
and require considerable driving power, which are incon- 
venient characteristics where direct-coupled valve 
amplifiers are involved. It would appear that most use 
is made of this type in the United States, where some 
very compact multi-channel instruments have been 
—-* for portable and flight testing work. 

Lastly, we come to the most recent and universal 
oscillograph, the cathode-ray tube, perhaps not so 
young as some people think, the modern type of hot- 
cathode tube having had over 20 years of commercial 
application. It has virtually no limit of frequency or 
trace speed, spot velocities running into several thou- 
sand kilometres per second having been successfully 
recorded. It gives a two co-ordinate visual plot of the 

nomenon if required, which can be of considerable 

rilliance, Apart from the capacitative load of the 
i system at high frequencies, it draws no power 

m the amplifier, being purely voltage operated. Itis 
inertialess, at least in the engineer’s conception of 
things. It is ible to display two phenomena 
simultaneously in their correct phase relationship by 
various expedients. Disadvantages, as usual, accom- 

y this list of virtues: for permanent records photo- 
graphy is required, with the usual processing procedure 
and delay, the ratio of spot size to available deflection 
is not always as good as might be wished for accurate 
quantitative work, and its calibration depends on the 
steadiness of the supply voltage, for the sensitivity is a 
direct function of the final anode potential. In the 
majority of cases, however, it will provide a satisfactory 
solution and is undoubtedly the most versatile form of 
display available. One special form of cathode-ray 
tube has many unexplored possibilities, viz., the 
Skiatron, developed during the war for radar applica- 
tions. In this, the electron beam, instead of producing 
a temporary luminescence on the screen lasting from a 
few microseconds to several seconds, according to type, 
causes & a burn or blackening of a white screen, 
which can destroyed and the screen made ready 
for further use merely by raising its temperature. So 
far, cost and certain technical difficulties have delayed 
its exploitation, but the possibilities are obvious. 

The presentation of two or more phenomena on a 
cathode-ray tube screen, previously mentioned, can be 
accomplished in several ways. The earliest method 
employed a normal tube and switched the Y-plates 
from one input to the other on alternate sweeps of 
the time base. This has many disadvantages: it 
cannot be used with continuous film recording, it is 
only applicable to repeatable cyclic phenomena, and 
visual flicker effects are much increased at low fre- 
quencies. A later development involves high-speed 
electronic switching at several times the highest 
frequency which it is required to observe. This 
obviously limits the frequency range of the tube, 
increases circuit complication, is difficult to achieve 
with direct coupling, and unless the switching wave 
form is absolutely rectangular, produces a haze between 
the two curves due to the appreciable, transit time 
from one spot position to the other. Although as many 
as five traces have been shown on one tube, the com- 
plexity of the associated circuits,-low trace brilliance 
and haze effects make it hardly worth while. 

Other solutions are the multi-gun tube and the split- 
beam tube. The former originated in Germany about 
1935 in two-gun form, and really comprises two separate 
tube assemblies in one envelope shooting at the same 
screen. Very good results can be obtained by this 
method, but special measures are needed to phase the 
two beams correctly and equalise the X-axis sensiti- 
vities. It is believed that tubes with more than twoguns 





have been built in the United States, but details ay 
not known. , 

The final form, the split-beam tube, is a Britis! inyep. 
tion developed shortly before the war. In essence, it 
comprises a normal single-gun tube with an ingenious 
device, the ‘splitter plate,” whereby the beam i 
actually divided into two parts which can undergo 
separate Y-axis deflection. It is cheap and ensure 
accurate phasing of the two beams, and elaborate 
associated circuits are not required. Disadvan 
are that only asymmetric Y-axis deflection can be used, 
and focus and brilliance are slightly inferior to those of 
single-beam types. Considerable improvements ar 
being made in these directions, however, and for most 
problems where two displays are required they form 
the best solution. 

Finally, we must mention photographic recording 
arrangements, necessary for permanent records with 
either mirror or cathode-ray oscillographs. These can 
be approximately divided into three classes:  stij] 

hotos, drum recording, and continuous film. The 

rst is normally orily applicable to steady cyolic 
phenomena, a merely involves i @ normal 
snapshot of the cathode-ray tube screen, the time base 
being used as for visual observation. Even here, 
special precautions and emulsions are needed for the 
best results. It may be used for recording transients 
if they can be initiated a‘ will and occur on a single 
sweep of the time base. For irregular or non-cyclic 
wave forms, a drum or continuous-film camera js 
required. Here the oscillograph is required to provide 
one co-ordinate only, the magnitude of the quantity; 
the movement of the film or paper —— the other. 
The drum camera is economical of film and capable of 
very high velocities, but can only record a limited 
length set by the circumference of the drum. The 
continuous-film camera will provide records of almost 
any length, but is wasteful of material, especially at 
high speeds where much is used ineffectively during the 
acceleration and braking periods. 


DIAMOND RESEARCH LABORATORY. 
THE main object of the Diamond Research Laboratory, 
which has recently been erected in Johannesbuy, 
South Africa, is to study industrial diamonds, and, in 
co-operation with producers, consumers, and scientific 
bodies in all parts of the world, to find improved and 
new uses for them in industry. The Laboratory is 
sponsored by Industrial Distributors (1946), Limited, 
44, Main-street, Johannesburg, a company incorporated 
to market industrial diamonds throughout the world. 
Associated with this organisation are eight primary 
roducers, namely, Anglo-American Corporation of 
uth Africa, Limited ; De Beers Consolidated Mines, 
Limited ; ‘Consolidated Diamond Mines of South West 
Africa, Limited ; Sierra Leone Selection Trust, Limited; 
Société Miniére du Bécéka; Société Internationale 
Forestiére et Miniére du Congo; and Companhia de 
Diamantes de Angola. The work of the laboratory 
may be grouped broadly under two headings. In the 
first place it deals with immediate practical problems 
concerned with..methods of diamond recovery and 
extraction, improvements in diamond tools, and the 
application of scientific control and instrumentation to 
the diamond cutting and polishing industry. Secondly, 
the laboratory conducts long-term theoretical investiga- 
tions on the relationships between the structure and 
properties of diamonds, and on how and why stones 
differ in physical properties and characteristics. 

The laboratory consists of a one-storey building 
approximately 147 ft. in length by 52 ft. in width, con- 
structed on open ground in the Booysens Reserve 
suburb of Johannesburg. Provision has been made, 
however, for a complete second-storey extension 
should this be needed at a future date. The sampling 
room, test-drilling section and air-conditioning equip- 
ment are housed in the basement. Chemical, physi- 
cal and engineering laboratories are provided on 
the main floor, while smaller rooms are devoted to 
X-ray work, microscopy and spectrography, and to 
physical testing, the construction of equipment for 
research purposes, diamond cutting and polishing, and 
other work. The staff of the laboratory has been 
drawn from among experienced chemists, physicists 
and engineers of Europe and South Africa, and is 
directed by Dr. R. 8S. Young, who has been associated 
with research organisation in Northern Rhodesia and 
Canada for a number of years. A brochure containing 
an illustrated description of the laboratory, issued 
recently by the Research Committee of Industrial 
Distributors (1946), Limited, also men!ions that an 
Industrial Diamond Information Bureau is main- 
tained in London at St. Andrew’s House, 32-34, 
Holborn Viaduct, E.C.1. The Bureau distributes 
literature and offers technical assistance to manufac: 
turers and users of diamond tools, ete. The Industrial 
Diamond Review, a monthly journal, published by 
N. A. G. Press, Limited, 226, Latymer-court, Hammer: 
smith, London, W.6, also publishes technical articles 
on indus.rial diamonds, 
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RANSBURG ELECTROSTATIC 
SPRAYING AND DE-TEARING 
PROCESSES. 


At the end of 1947, the Harper J. Ransburg Com- 
pany, of Indianapolis, appointed Messrs. Henry W. 
Peabody and Company, of London, Limited, 17, Great 
Suffolk-street, London, S.E.1, as representatives in 
this country for their electrostatic spraying and de- 
tearing processes for finishing coatings. Full-scale 
development is now under way, and a two-storey 
factory building is being equipped with the necessary 
electrostatic plant and with conveyors, automatic 
spraying, dipping and stoving equipment, so that tests 
ona wide range of products can be made under working 
conii ions, tant nate will be invited to submit 
samples of their products for preliminary tests, in order 
that the success of each installation shall be ensured. 

In the electrostatic spraying process the work- 
pieces are carried on an earthed conveyor into a 
coating zone, where they are exposed to the electro- 
static field which is generated between them and an 
electrode system operating at a potential of 13 kV. 
Atomised —— material is sprayed into this field, 
80 that a mist is formed through which the workpieces 
pass. The particles of the coating therefore become 
charged with the same polarity and to the same 
potential as the electrode ; and are thus attracted to and 
deposited on the earthed workpiece. The whole equip- 
ment is enclosed in a booth through which air is drawn 
ata speed of 100 ft. perminute. A view ofsucha booth, 
showing a number of steel drums under treatment, is 
given in Fig. 1, the electrostatic unit being shown on 
the right. 

In contradistinction to normal hand spraying, 
the coating material is not directed on to the work- 
piece, but into the coating zone, and some modification 
in the standard spraying equipment has thus been 
necessary, It has also been essential to modify the 
paint formule, since viscosities of from 18 to 24 seconds 
(No. 4 Ford cup) must be used and slower evaporating 
solvents must be incorporated. This is necessary in 
order that the paint particles may remain wet at a 
distance of 5 ft. in the gun, which is where the work- 
piece enters the zone and deposition begins. It may be 
added that besides synthetic stoving materials, the 
process can be used for depositing oils, emulsions, cellu- 
lose finishes and vitreous énamels, although in the case 
of the last named the results obtained have not yet 
teached commercial standards. Moreover, the process 
18 not limited to articles made of conducting materials ; 
plastics, wood and rubber can be treated in the same 
Way, provided a temporary conducting backing or core 
is fixed to the workpiece or jig. 

The conveyors generally used in the process are 


Sprayine Boora anp ConvEyoRr. 


In most eases the workpieces are arranged to rotate 
two or three times during each foot of travel forward, 
80 as to provide the best conditions for the formation 
of an even film over the entire surface. The normal 
conveyor speed is from 5 to 15 ft. per minute, although 
we are informed that a spee! as high as 260 ft. per 
minute has been successfully used by one firm of 
steel-tube manufacturers. Large objects, however, are 
traversed at lower speeds and to ensure that an even 
coating is deposited on these without having to use an 
excessive number of guns, the latter are of the recipro- 
cating type. A metallic belt or mattress type of con- 
veyor is often used when workpieces, such as large flat 
panels, require coating on one side only. 

The guns and pressure regulators for the air and 
paint incorporates modifications of the normal patterns, 
such have been shown by experience to be necessary. 
The pressure feed paint containers or paint circulating 
pumps, however, are standard. The spray guns are 
operated at an airline pressure of from 60 Ib. to 80 lb. 
per square inch. Atomisation, however, is carried out 
at an air pressure of 20 lb. to 30 lb. per square inch, a 
Separate line supplied through a reducing valve bieng 
used for this purpose. At this pressure the paint 
break-up must be complete, while the particle velocity 
through the coating zone must be as low as possible, in 
order to obtain maximum paint utilisation and the 
minimum of waste. Sensitive paint-pressure regulators 
are fitted closeto each spray gun 80 as to ensure accurate 
control of the amount of paint emitted. It is claimed 
that in this way a film of pre-determined thickness can 
be deposited continuously, thus ensuring uniformity of 
finish and a considerable reduction in the number of 
rejects. Although electrostatic spraying cannot be 
used to obtain complete coverage of internal surfaces, 
or in deep recesses, owing to the shielding effect, of the 
surrounding walls, where only outer surfaces require 
coating masking can often be avoided by correct 
jigging. A satisfactory ‘“ wrap-over” on the edges is 
also obtainable without waste of material. 

The manufacturers claim that by the use of the 
Ransburg electrostatic spraying process the quantity 
of finishing material can be reduced by about 50 per 
cent., owing to the elimination of overspray and the 
deposition of from 90 to 95 per cent. of the total solids 
on the coated surface. It is also claimed that the 
same amount of work can be done with an automatic 
plant of this type and one minder, as with four to ten 
hand-spray operators; that superior finishes can be 
obtained owing to the close control that is possible ; 
that a great saving in space can be effected and that a 
considerable saving in factory heat can be made, 
owing to the replacement of a number of hand-spray 
booths by one electrostatic unit. 

A second electrostatic process, which is also being 





of the overhead mono-rail type, a8 illustrated in Fig. 1. 


developed by Messrs. Henry W. Peabody, is designed 
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to eliminate the “ tears” and “‘ fatty edges ” from the 
drain points of articles to which liquid coatings have 
been applied by the dip and “ flow-coat ’’ method. 
The accumulation of such excess material at the 
drain off points is the most serious drawback of this 
method. When polymerising materials are used it 
often results in a hardening of the tears during stoving, 
with consequent chipping and flaking. On the other 
hand, when non-polymerising materials are employed, 
the stoving time which is correct for the normal paint 
film is insufficient for the heavy accumulations, with the 
result that these are left in a tacky and wri’ kled state. 
To overcome these drawbacks the workpiece, after 
being manually or automatically dipped, is drained 
in the normal way until the last drip has formed and 
is beginning to “ set off.” It is then carried over an 
expanded metal grid, as shown in. Fig. 2. When this 
grid is charged, the strong electrostatic field established 
concentrates an attractive force at the points or areas 
of small radius where “‘ drain-off” normally occurs. As 
a result, the excess paint is removed as a fine spray orin 
threads and a smooth even film remains. At the 
conclusion of this de-tearing process, the coated work- 
piece is passed through the stove. 

It may be pointed out that if the best results are to 
be obtained the workpiece must be hung so that 
de-tearing is effective at the drain points. It must also 
be brought over the charged grid at the correct time, 
since if de-tearing is carried out too soon seconda 
tears will be formed and, if too late, the material wi 
have hardened so that the process will be incomplete. 
The correct preliminary draining period will depend 
on the size and contour of the workpiece, the flow 
characteristics of the coating material, and the evapora- 
tion rate of the solvent. Finally, the work carriers 
must be designed so that the drain points of the various 
articles are all at about the same distance from the 
grid. This distance varies. with the shape of the 
article, but is generally from 6 in. to 10 in. It is stated 
that normal synthetic materials are suitable for 
electrostatic de-tearing, although a modification in 
the evaporation rate of the solvent is sometimes 
desirable. 





THE LaTE Mr. F. A. YOUNGMARK.—We regret to 
record the death of Mr. Frederick Albin Yourgmark, 
which occurred in London on Wednesday, October 13. 
Mr. Youngmark, who was 63 years of age, had been in 
the employment of Messrs. Dick, Kerr and Company and 
the English Electric Company since 1910, during the whole 
of which period he had been concerned with the design 
of alternating-current machinery. For the last twelve 
years he had been chief alternating-current engineer to 
the English Electric Company, and ha. played a con- 
siderable part in the design of steam and water-driven 
turbo-alternators. 
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FUEL FOR DIESEL LOCOMOTIVES 
IN THE UNITED STATES. 


In an article contributed to the Railway Age of 
September 25, 1948, by the electro-motive and research- 
laboratories divisions of General Motors Corporation, 
protests about the use of scarce petroleum products in 
Diesel locomotives, which have apparently been made 
by “‘ many local, state and federal officials and agencies,” 
are answered by referring to the present position and 
trends in oil supply and the advantages of Diesel loco- 
motives to the railroads. It is being suggested in the 
United States that Diesel locomotives are one of the 
principal offenders in causing the national fuel shortage, 
and that the increasing use of Diesel locomotives is 
placing a heavy burden on the refining capacity of the 
country and has accelerated the drain on the diminishing 
oil reserves. 

In 1947, the total consumption of petroleum products 
for all purposes in the United States was about 
5,500,000 barrels a day. Of this total, the railroads 
(Class I, including switching and terminal companies) 
used some 317,000 barrels a day, which was equivalent 
to 6 per cent. The railroad consumption can be 
divided into 265,000 barrels a day of heavy fuel for oil- 
burning steam locomotives, which performed about 
18: per cent. of the work done by the railroads; and 
52,000 barrels of Diesel fuel (representing only 1 per 
cent. of the national total consumption of petroleum 
products) used by Diesel-electric locomotives which 
performed about 19 per cent. of the work. The balance 
of the work done—about 63 per cent.—was performed 
by coal-burning steam locomotives and electric loco- 
motives. It is stated that, if all the work done on 
American railroads in 1947 had been performed by 
Diesel-electric locomotives, the total consumption of 
Diesel fuel would have been about 256,000 barrels a day. 
This would be less than the quantity of heavy fuel 
actually consumed by the oil-burning steam locomotives 
in 1947, and less than 5 per cent. of the national total 
consumption of petroleum products. The increase in 
the consumption of fuel oil by Diesel locomotives, 
between 1941 and 1947, was 633 per cent. Neverthe- 
less, quantitatively the increase was less than increases 
in other fields ; forexample, gasolinein trucks and ’buses, 
in passenger cars, and in farm tractors, and distillate 
fuel in home heaters. The increase in consumption 
of petroleum products between 1941 and 1947, by 
all users other than railroads, was 986,000 barrels a 
day; the corresponding increase for railroads was 
44,900 barrels a day. 

It is claimed that Diesel locomotives have been so 
effective “‘in reducing operating costs and improving 
services that they have literally paid for themselves 
out of direct savings over steam operation, while 
at the same time they have built-upincreased traffic and 
revenue.”” The two principal ways in which Diesel 
locomotives have effected direct economies over steam 
are in fuel consumption and in repair costs. In 1947, 
the total cost of coal and fuel oil for steam locomotives 
was 582,000,000 dols. If the work of these steam 
engines had been performed by Diesel locomotives, the 
fuel bill would have been more than halved by « 
saving of 340,000,000 dols. During the same year, 
527,000,000 dols. were spent on the repair of steam 
locomotives. Basing calculations on the maintenance 
and repair costs of Diesel locomotives then in service, 
40 per cent. of this amount, i.e., 210,000,000 dols., 
would have been saved if all locomotives had been 
Diesels. 

The article mentions several ways in which the 
shortage of petroleum products will be overcome. 
addition to a large expansion of refining capacity, 
research is being undertaken on economy in fuel 
consumption. The General Motors Corporation has 
long been working on the development of high- 
compression engines for motor cars, to use high-octane 
gasoline. ‘‘These developments have progressed to 
the point where engines capable of 40 per cent. fuel 
savings will ultimately become available. Test auto- 
mobiles with engines producing an immediate fuel saving 
of 20 per cent. have been in operation for hundreds 
of thousands of miles.” Regarding the nation’s de- 
pleted oil reserves, it is considered that the economic 
production of synthetic liquid fuels must be developed 
in the near future as a matter of national necessity. 
In the United States there is no question of reverting 
to steam locomotives, which were “‘ recognised as 
obsolete ten years ago,” and even if Diesel engines 
completely replace steam the effect on the diminishing 
oil reserves will be very small. 





LECTURES ON HEAT Pumps.—Four lectures on ‘‘ Heat 
Pumps and Thermal Compressors ” will be delivered at 
5.30 p.m., on Thursdays, November 4, 11, 18 and 25, in 
the Department of Civil, Mechanical and Chemical 
Engineering of King’s College, Strand, London, W.C.2, 
by Professor S. J. Davies, D.Sc. (Eng.), M.I.Mech.E. 
Admission to the lectures will be free, without ticket. 


LABOUR NOTES. 


THE first session of the Anglo-American Joint Council 
on Productivity, which is expected to continue until 
the end of next week, commenced in London on Mon- 
day, when a free and frank exchange of views on the 
British industrial position took place. As was to be ex- 
pected, all the discussions at the first day’s meeting 
were of a general character only. Capital re-equip- 
ment of industry, quantity versus quality production, 
production costs, specialisation, and standardisation 
were, however, some of the subjects which were brought 
before the council. A suggestion was put forward by 
the American side that parties of British workpeople 
should visit representative factories in the United States 
to gain experience of American methods on the spot, 
and it was agreed that this proposal should be con- 
sidered in more detail at later ings. It was 
decided that the Council’s terms of reference should 
be: ‘ To exchange views on the ways in which industry 
in the United States could co-operate, through the 
European Recovery and otherwise, is 
assisting British industry to promote greater produc- 
tivity.” 





The furtherdiscussion meetings of the Council, which 
have been held in London during the remainder of this 
week, have aimed at working out a programme: for 
future action, rather than formulating detailed pro- 
posals. It has been stressed that the visits to British 
industries which members of the Council will make 
next week will not be in the nature of inquiries or 
investigations, but are intended primarily to enable 
the American members to gain a further insight into 
British industry. Mr. Philip D. Reed, the chair- 
man of the American side of the Council, and who is 
also chairman of the General Electric Company of 
America, said that he and his colleagues approached 
the job with humility. They realised that there were 
special problems in industry here which have no 
counterpart in the United States and that they were 
not as familiar as they wished to be with industrial 
conditions in Britain. They recognised that there were 
spheres where they could learn from Britain and where 
British industry could apply something of American 
production technique. 





There are indications that practices by workpeople 
and employers which are considered to restrict output 
will not be barred from the present discussions, which 
are of a very wide character. It is worthy of note that 
no visits are being paid to nationalised industries and 
that no representatives of the employing side of these 
industries .are included on the council. The British 
side of the Council now consists of three members of the 
British Employers’ Confederation and four members of 
the Federation of British Industries, together with six 
representatives appointed by the Trades Union Con- 

. SirFrederick Bain, President of the Federation 
of British Industries, and Mr. Lincoln Evans, of the 
Trades Union Congress, are joint chairmen .of the 
British side. The American side consists of eight 
members, four of whom are trade union officials, under 
the chairmanship of Mr. Reed. It has been suggested 
that the next session of the Council should take place 
in the United States, when the British members would 
have opportunities of studying conditions in American 
industry. 





The Government’s industrial activities in Wales and 
Monmouthshire during the year ending June 30 last 


In| were reviewed in a White Paper issued last Monday 


(Cmd. 7532). Substantial progress has been made at 
Margam, the largest single unit in the reconstruction of 
the steel iadustry, towards the construction of the new 
works for the production of hot-rolled strip. Work is 
well advanced on foundations for the new melting 
shop, ingot-stripping bays, soaking pits and rolling 
mills. The new melting shop should be at work in 
1950, but full production of the complete plant will 
not take place until a later date. 





There has been a slight increase in the number of 
persons employed in blast furnaces, steel melting and 
rolling, and tin-plate manufacture, in Wales, due in 
part to the opening of additional plant ; the number 
so engaged having risen from 54,300 in July, 1947, to 
some 56,780 at the end of May last. During this 
period, the number of tin-plate mills at work has 
increased from 172 to 191. Since June, 1946, 2,142 
persons have been in training in the mills, including 246 
Poles and European volunteers. As a result, more 
than 800 have qualified, and are in regular employment 
as millmen, while 208 are still in training. Some 
Poles and European volunteers are at present engaged 
in the manufacture of steel sheet. 








Unemployment in Wales among insured workpeople, 
which was approximately 45,600 in June, 1947, had 


fallen to 39,159 in June last, a decrease of about 6,599 
in twelve months. The figure in June last represented 
about 5} per cent. of the total insured population 
During the twelve months ending July, 1947, the total] 
number of poe in Wales insured against un; mploy. 
ment rose from 726,400 to 731,000, an overall increase 
of 4,600. The number of men insured had increased 
by approximately 20,000, while the numbers of insured 
women and juveniles had decreased by some 13,400 
and 2,000, respectively. This position was duc largely 
to demobilisation from the Forces and to the with. 
drawal of married women from industry. The esti. 
mated total population of Wales on March 31 last was 
2,512,500, fan increase in nine months of some 
12,400. During the year ending June 30 last, approxi. 
mately 189,006 persons were found employment ip 
Wales ; and 943 persons, mainly men, were placed in 
work outside Wales under the voluntary temporary 
transfer scheme. , 


Last week the National Union of Railwaymen 
received the replies of the three national Executive 
to their claims for an all-round weekly wage increase 
of 128. 6d. for their 460,000 members. Although the 
details of the London Transport Executive's reply, 
which was given to union representatives at a joint 
meeting in London on October 18, have not yet been 
apo it is now reported that the Executive's car. 

ly Teasoned answer contained a complete rejection 
of the claim. The reply of the Railway Executive 
followed on the 20th and of the Hotels Executive on 
the 22nd. It is understood that these bodies adopted 
cer similar to that of the London Transport 
xecutive, but, again, no details have so far been 
made public, beyond the statements that reasoned 
answers had been received and that these would be 
considered immediately by the union executive. This 
committee met at the end of last week and again on 
Monday and Tuesday. It was then announced that it 
had been decided to call a national delegate conference 
of the union to consider the replies of the three 
Executives. 








The railwaymen asked last year for an increase of 
20s. a week, of which 7s. 6d. a week was granted, 
and the National Union of Railwaymen appear to 
consider their present demands to be a resumption of 
their original claim. The Associated Society of Loco- 
motive Engineers and Firemen have not supported 
the present demands and the other railway union, the 
Railway Clerks’ Association, contend that the grading 
settlement made this year was accepted on the under. 
standing that the unions would not press for the balance 
of the old 20s. claim. The National Union of Rail- 
waymen, in putting forward their demand for the 
12s, 6d., argue that it can be met out of railway profits 
and without an increase in fares or freights, but this is 
firmly rejected by the Executives. Any increase in 
railway wages, it is considered, must be met from 
these sources, with the inev*table increase in the cost 
of living to the nation as 9 whole. 





Details of a loan of 310 million dols. (about 
77,000,0001.) by the Economic Co-operation Adminis- 
tration and the Export-Import Bank to the United 
Kingdom were made public on Tuesday. This repre- 
sents the loan portion of the European Recovery 
Programme assistance already allotted to Britain for 
the nine months ending on December 31 next. In 
addition to the loan, Britain will receive grant aid 
during the same period to the value of 925 million dok. 
(about 230,000,000/.). The loan will be used to 
purchase agricultural, mining, and textile machinery; 
plant for the iron and steel industry; together with 
capital equipment and raw materials for industry 
generally. The loan will bear interest at 2} per cent. 

r annum, payable twice yearly from 1952 onwards. 

payments of principal will also be made twice 
yearly, commencing in 1956. The final instalment 
under the loan is due at the end of 1983, and provision 
is made for discussions to take place should adverse 
economic conditions or other reasons necessitate the 
postponement of payments of interest or principal. 





Lord Hyndley, chairman of the National Coal 
Board, said in London last Saturday that the Board 
would publish in due course a full statement giving 
the recommendations of the Burrows Committee and 
the action proposed to be taken by the Board thereon. 
This committee, under the chairmanship of Sir Robert 
Burrows, was appointed by the Board in May to investi- 
gate the Board’s organisation. Lord Hyndley stated 


400 | that the committee had approved the main decisions 


of the Board on organisation, including those on the 
grouping of collieries into areas and the formation 0 
divisional boards to control specified coalfields. From 
the start the Board had adopted and sought to put 
into practice principles which the Burrows Committee 
considered should govern large-scale organisation‘. 
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STATISTICAL METHODS AND 
ENGINEERING PROCESSES.* 


By Bernarp P. Dupprine, M.B.E., Ph.D., and 
W. J. Jennutr, B.Sc. (Eng.), A.M.LE.E. 


(Concluded from page 407.) 


An important, but not consistently recognised, 
aspect of inspection either for process control or for 
acceptance purposes, is the variability of the measure- 
ments involved. Intelligent appreciation of the 
contribution made by the process of measurement 
to variability in the results of observations of product 
quality is essential to the efficient working of control 
systems and to the correct application of specifications. 
In the case of routine measurements undertaken for 
manufacturing control purposes, the magnitude of 
the variability, associated with repeated measure- 
ments of the same article at any one time, and with 
measurements involving the set-up of apparatus 
from time to time, may be estimated by the observer 
making repeat measurements on a few articles or on 
suitably prepared sub-standards and studying the 
results by control chart techniques. By plotting 
on control charts the results of such measurements 
made on sub-standards at regular intervals, the process 
of routine measurement can be maintained at an accu- 
racy adequate to the particular application. In most 
cases it is desirable that measurements on sub-standards 
set aside specially for the purpose should be made 
occasionally under both the routine conditions and 
under conditions where an appreciably higher accurac 
of measurement is possible ; for example, in a stan - 
ising laboratory or specially-equipped tool-room. By 
plotting the differences between these measurements 
on a control chart the absolute level of the routine 
measurements can be scrutinised. 

Where conformity to specification is concerned, it is 
usual for measurements to be made by both producer 
and consumer under what may be termed “ commercial 
conditions”; that is, different pieces of measuring 
ae made for general sale have to be used by 

illed observers rather than by trained technicians. 
In these circumstances, in addition to the variability of 
measurements made by one observer on one instrument, 
account may have to be taken of variations arising 
from one or more of such causes as the following: 
(i) differences between the measuring instruments or 
machines ; (ii) differences between observers; and 
(iii) differences between instruments and/or machines 

m one occasion to another. Estimates of the 
magnitude of these variations can be made by a plying 
the statistical technique known as the “ pe ws 4 oO 
Variance ” to the results of simple planned experiments 
im which a few articles or samples of material are 
measured in a number of establishments on a number 
of different occasions. Where the identical material 
cannot be measured twice, the experiment can be 
planned to minimise the effect of changes, such as 
trends, in the properties of the materials tested. 

The Analysis of Variance technique enables the total 


* Paper read at a joint meeting of Section G and Sub- 
Section A* (Mathematics) of the British Association, at 
Brighton, on Monday, September 13, 1948. Abridged. 





Communication from the staff of the Research Labora- 
tories of the General Electric Company, Limited, Wem- 
bley. Middlesex. 





variation in observations to be analysed into estimates 
of the contributions to variability associated with the 
various factors (this corresponds to the estimate of a 
quality characteristic from small samples) and enables 
tests to be made to distinguish between apparent 
differences which are inevitable in the averages of a 
small number of observations and real differences 
arising from changes in apparatus and/or observers 
(this corresponds to the use of control limits in quality 
control). The following will serve as an example. 
Tensile testing machines in four establishments were 
involved in measurements for elongation of nickel wire, 
and measurements were made on a number of samples 
of wire interchanged between the four establishments 
on a number of occasions. On each occasion, several 
measurements were carried out on each machine. 
Statistical analysis of the results enabled the following 
statements to made: (i) the inherent variability 
corresponding to repeat measurements on any machine 
on one occasion could be represented by a standard 
deviation of 1-2 in units per cent. ; (ii) the variability 
from occasion to occasion for any one machine could 
be represented by a standard deviation of 1-0 unit 
per cent.; (iii) differences existed between the gross 
average levels of the four machines corresponding to 
deviations of + 1-5, — 1-5, + 0-5, and — 0-5 units 
per cent. from the average level of all four machines. 





“ENGINERRIVS” ~~ 
becomes more complex, as other factors, such as 
changes of observer, demand consideration. 

An additional value of the use of quality control 
technique using direct measurement is that it provides 
factual data which are suited to statistical investi- 
gations leading to the modification and improvement 
of processes or to the setting-up of new ones. Such 
Investigations require a general knowledge of statistical 
methods as well as good technical knowledge of the 
processes concerned. The control charts, apart from 
the direct value of the data recorded and their use 
as a basis for investigation, constitute an important 
background for planned experimentation, which, in 
turn, may modify the procedure adopted for the 
purposes of quality control. The statistical tech- 
niques used in such studies will generally involve 
the use of Analysis of Variance which has already 
been referred to, and Regression Analysis which 
seeks to establish the degree of correlation between 
two or more properties of a product or, for instance, 
the efficiency of a plant and the efflux of time. | 
Regression analysis will be of value, for example, 
in studying the relationship between two qualities of a 
product, one of which is more readily measured than 
the other, or between the functional quality of an 
assembly and the quality of one or more of its com- 
ponents. 


TABLE I.—ANALYSIS OF VARIANCE. 


























Significance Levels of F. 
Source of Sum of Deg. of Mean Variance 
Variation. Squares. Freedom. | Variances, Ratio, F. 
0-05 0-01 
Differences between sides. . sive eal 233 1 233 | 233+ 27-1=8-6 3-9 6-9 
Differences between heads within sides .. 392 10 4 39-2 39-2+27-1=1-4 1-9 2-5 
Differences within heads .. oe ee 3,139 116 27-1 | — _ —_ 
Total .. 3,764 127 _ | ed mm | aie 








Such information can be used in a variety of ways. 
Thus, if measurements were being made in one estab- 
lishment, as, for example, at the manufacturing plant, 
solely with the object of maintaining quality at a 
satisfactory level, items (i) and (ii) would be involved, 
but the systematic errors expressed in item (iii) would 
not. Ifthe product had been one in which the same 
article could be measured a number of times, then the 
correction of daily set-up by the use of these as standards 
would remove the influence of item (ii). 

However, this example involves tests to specification 
by both producer and consumer, and checks by an 
independent authority. In these circumstances, system- 
atic differences between testing machines can cause 
serious misunderstanding. Estimates of the magnitude 
of these systematic differences enable adjustments to 
results to be made, but it is important to realise that 
this would not eliminate the of the variations 
from occasion to occasion which will appear as a 
variable difference between machines on any one 
occasion, unaffected by any amount of averaging of 
repeated measurements on that occasion. 

the foregoing example, factors have been consi- 
dered which may arise when considering variability in 
measurements involving a number of instruments, each 
associated with only its own particular observer. 
national specifications it is clear that the problem 





It is difficult to over-emphasise the importance of 
combining statistical knowledge with sound technical 
knowledge, and the following example will serve to 
illustrate the need for this. The data illustrated in 
Fig. 7 are the test results obtained on the product of a 
machine making articles on twelve different ‘‘ heads.” 
An inspection, by the engineer in charge, naturall 
suggested that head No. 5 was producing poor aoe 
and required attention ; and further statistical analysis 
of the results, comparing the variation between the 
means of the twelve heads with the variation within 
the heads, would confirm this. However, knowledge 
of the construction of the machine suggested that 
heads 1 to 6, and 7 to 12, should be grouped as shown 
in the figure, under “left” side and “right” side. 
The question now to be answered is: ‘‘ Does the differ- 
ence between the two side means indicate a fault in 
the associated mechanisms and/or does head No. 5 need 
alteration ?”’ A formal analysis using this knowledge 
of the design of the machine showed, in fact, that head 
No. 5 was not at fault, since all “ head ” means were 
statistically consistent with the particular “side ” 
mean with which they were associated, but that the 
left-hand side was producing work significantly lower 
in average value than the right-hand side. The 


In | essential features of the analysis are given in Table I, 





on page 429. The values of the ratios of the associated 
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estimates of variability (mean variances) given in the 
table have to be compared with corresponding values 
(significance levels) given in published tables* for such 
ratios, which might occur due merely to chance. This 
comparison shows that the variation of the ‘‘ head” 
means from the “‘ side” means is smaller than what 
might be expected, while the difference between the two 
“side” means exceeds that which might be expected 
due to chance. 

The practical interpretation of this result is that 
something common to all heads on,the left-hand side 
should receive attention and that the individual heads 
should not be disturbed. Without the formal analysis 
any technical man would almost certainly have given 
attention to head No. 5, leaving the mewn of the left- 
hand side to produce work at a lower level of quality 
than the right. Unfortunately, because the low 
value for the product for head No. 5 was due to chance, 
it is highly probable that later data would have con- 
vinced him that the attention given had had the desired 
effect. On the other hand, without knowledge of 
the operation of the machine, a statistician could not 
have been expected to have gone farther than the 
one in the analysis in which head No. 5 — 

avourably with the other eleven heads. It is 
perhaps apposite to remark here that if data be grouped 
in a manner inconsistent with the technical features of 
the work, or if data be subdivided arbitrarily and 
conclusions drawn without due reference to statistical 
significance, the conclusions may justify the comment 
that statistics can be made to prove anything. 

The above is a relatively simple example and in prac- 
tice more complex problems will arise involving a multi- 
plicity of variables demanding an appreciation, not 
merely of the effect of each variable considered separ- 
ately, but of the interacting effects of two or more 
variables with one another. The statistical techniques 
can be extended from the simple example discussed 
in the foregoing to the complete analysis of complex 
experiments and will be essential if anything like a 
rational solution devoid of over-simplifications is to be 
obtained. The engineer-statistician, however, would 
be well advised to aim at achieving a reasonable degree 
of statistical stability in the processes with which he is 
concerned before ing on to consider the more 
complex relationships which may exist in manufac- 
turing processes. 

It is fitting, at the risk of repetition, to conclude by 
drawing attention to two important principles which 
must not be overlooked. The paboweeh operation of a 
manufacturing procedure demands considerable experi- 
ence and detailed knowledge of machines and processes. 
If this e ience is associated with specialised know- 
ledge of physics and chemistry, few will dispute that 
the engineer so equipped is better able to fulfil his 
function in industry than one depending solely on 
engineering knowledge and experience. Similarly, if 
to these accomplishments the engineer can add a 
working familiarity with the principles of statistics, 
he will still further enhance his value to industry. 
The use of statistical technique alone cannot solve 
problems demanding a knowledge of physics, chemistry 
and engineering, but it can serve as a powerful aid 
when drawing conclusions from technical data. The 
example discussed above will serve to support this 
argument. Emphasis has been placed in this discussion, 
of course, on the study of manufacturing 9 
but it should be recognised that the principles are of 
general application to problems which arise in diverse 
industrial activities such as research experimentation 
and the interpretation of data derived in the course of ad- 
ministration, such as figures of productivity and sales. 

Finally, a warning should be sounded against any 
inelination to believe that acquisition of the techniques 
discussed can be achieved by merely listening to papers 
on the subject or reading text-books. No one has 
become a skilled exponent of a game by reading books, 
but many have become ski by combining concentra- 
tion of mind with practice, The practice of statistical 
methods, associated with a keen appreciation of the 
principles involved, will alone give the engineer com- 
mand of this valuable tool. 





FAIREY AVIATION COMPANY OF CANADA, LIMITED.— 
A subsidiary company of the Fairey Aviation Company, 
Limited, Hayes, Middlesex, has been registered in 
Canada as The Fairey Aviation Company of Canada, 
Limited. The Clarke Ruse factory at Eastern Passage, 
Nova Scotia, has been purchased from the Canadian 
Government, and it is proposed to use this factory 
initially for the repair and maintenance of Fairey air- 
craft and other types in service in the Royal Canadian 
Navy and elsewhere. The factory will also manufacture 
and service other products of the Fairey Aviation Group 
of Companies. Mr. Charles Hibbert, M.B.E., who joined 
the firm in 1919, has been appointed general manager of 
the new company in Canada. 





* Industrial Experimentation, by K. A. Brownlee 
(H.M.S.0.). 








SINGLE-CYLINDER 


DIESEL ENGINE. 


MESSRS. ARMSTRONG SIDDELEY MOTORS, LIMITED, COVENTRY. 














SINGLE-CYLINDER AIR-COOLED 
DIESEL ENGINE. 


THE single-cylinder stationary Diesel engine, illus- 
trated in Figs. 1 and 2, on this page, is suitable for 
driving contractors’ plant such as pumps, air com- 
pressors, concrete mixers, ete., and auxiliary machinery 
on small vessels, and is manufactured by Messrs. Arm- 
strong Siddeley Motors, Limited, Coventry. It is a 
four-stroke, vertical air-cooled unit having a bore and 
stroke of 4} in. and capable of developing between 5 
and 8 brake horse-power. 

It is of exceptionally robust construction, having 
been designed to operate for long periods with the 
minimum of attention. The crankcase is a single iron 
casting of box form, two of the sides being cut away 
to form inspection doors, and the openings being 
covered by pressed-steel plates bolted in ition. 
The cylinder barrel and head are in the form of a single 
iron casting, a flange being incorporated at the lower 
end for bolting the assembly to the top of the crankcase. 
The cylinder skirt projects into the crankcase and the 
support flange is shaped at one side to clear the valve 
tappets and accept the lower ends of the push-rod 
cover tubes. Overhead valves are fitted, the valves 
being located vertically in the cylinder head and 
operated by push rods and rocking levers. The valves 
are made from Silichrome steel and each is closed by a 
single helical spring. The valvespring retainers are of 
the split-collet type supplemented by a spring Circlip. 

The piston is a light-alloy casting, the combustion 
space being incorporated in the piston crown; it is 
fitted with three compression rings and two slotted oil- 
control rings, one of the latter being located below 
the gudgeon pin. The latter is of the fully floating 
type and it is retained in ition by internally- 
expanding Circlips, one at each end. The connecting 
rod is an I-section heat-treated steel forging; it is 
fitted with a big-end bearing of the white-metal lined 
steel-backed type while the gudgeon-pin bearing consists 
of a phosphor-bronze bush pressed into position. The 
pastel t is a high-tensile steel forging machined all 
over, the diameter of the journals being 2} in. The 
front journal is carried through the cover for the timing 
gears and is provided with a keyway for fitting a 
pulley. The t and rear main bearings consist of 
steel sleeves lined with white metal and each bearing 
housing is spigoted into the crankcase and held by 
six set-bolts. The camshaft is made from hardened 
steel and one end is keyed into the inner extremity of 
an extension shaft located at the front of the engine 
and parallel to the crankshaft journal, while the other 
end is supported by a sleeve-type bearing fitted to the 
back of the crankcase. The extension shaft is carried 
in two white-metal lined bearings, one of which is 

















fitted in the front of the crankcase and the other in the 
timing-gear casing. It is driven from the orankshaft 
through plain spur gears and, like the crankshaft, is 
provided with a keyway for the fitting of a pulley, 
thereby providing an alternative drive which runs at 
half engine speed. The extension shaft is fitted with 
the starting dog which can be seen in Fig. 1 just above 
the crankshaft journal, the distance between the two 
shafts allowing a 7-in. diameter pulley to be fitted. 
If it is required to fit a pulley of larger diameter, the 
engine can be supplied either without the extension 
shaft or without the elongated crankshaft journal; 
alternatively, a flywheel adaptor can be fitted which 
enables the drive to be taken from the flywheel end of 
the crankshaft. This adaptor is designed so that, if 
required, it can be fitted with the starting dog. 

The engine bearings are lubricated by oil supplied 
under pressure from a gear-type pump, the crankshaft 
being drilled for big-end lubrication; the gudgeon- 
= bearing and the cylinder walls are lubricated 

y the oil escaping from the big-end bearing. The 
pump is housed in the timing-gear casing and is driven 
by spur gears from the crankshaft. An external copper 
pipe conducts oil from the rear camshaft bearing to 
the over-head valve rocker bearings, the rocker box 
being provided with a baffle plate to limit the quantity 
of oil reaching the valve stems. The oil returns to the 
sump through the push-rod cover tubes, thereby 
lubricating the tappet mechanism. 

Both the fuel pump and fuel injector are standard 
C.A.V. units, the fuel-pump operating cam being inte- 
gral with the valve rans. Gr The delivery of the 
pump is controlled by a governor. This comprises 
two radial grooves machined in the outer face of the 
camshaft spur gear, each groove being fitted with a 
steel ball which makes contact with an adjacent conical 
disc. The disc is supported by the extension shaft, 
along which it is free to slide, and it is connected to the 
rack of the fuel p by a simple linkage. In opera- 
tion, the two are thrown outwards by centrifugal 
force and move the conical disc along its shaft against 
a calibrated spring which returns the disc as the engine 
speed decreases. The spring is provided with an adjust- 
ing screw which permits the governed speed to be 
altered between 900 r.p.m. and 1,200 r.p.m. 

The fuel is stored in the horizontal cylindrical tank 
visible in the illustrations but, if required, a vertical 
tank can be fitted. The overall height of the engine 28 
illustrated is 40 in., while the width and length ar 
24 in. and 27 in., respectively ; when fitted with ® 
vertical tank, however, the height is increased to 40 In. 
and the length reduced to 27 in. The weight of the 
engine when fitted with all accessories is 535 lb. The 
fuel consumption is 0-38 pint per brake horse-powe! 
per hour. 
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LADLE -DE-SULPHURISING PIG IRON. 


TABLE IJ.—Grovup A. EXPERIMENTS INVOLVING BUBBLING WITH NITROGEN OR AMMONIA. 
Soprum CaRBONATE/CALCIUM SILICATE/FLUORSPAR SLAGS. 



























































Slag Materials. 

Initial Final Percentage Ss 

Expt. No. Scale. Sodiu Calcium Gas. Sulphur. Sulphur. 8. Re- Sn 
- Silicate. | Fluorspar. Percent. | Percent. | moved. “ 

— $:1 Per cent. 
. Per cent. 
Al Lab. 100 _— _— Neo 0-165 0-044 | 73°4 91 
A2 Works 76 15 9 Ne 0-090 0-044 | 51-2 70 
AS Works 42-8 40 17-2 Ne 0-128 0-053 59-0 95 
A4 Works 42-8 40 17-2 No 0-119 0-037 69-0 150 
A5 b. 31-0 | 63 6 Ne 0-142 0-047 67-0 167 
A6 Works 27 56 17 Ne 0-106 0-050 53-2 75 
A7 Works 27 56 17 No 0-081 0-056 30-9 30 
A8 Works 27 56 17 Ne 0-095 0-063 33-9 34 
AD Lab. ll 80 9 Neo 0-156 0-093 40-8 23 
A.10 Lab. 5-6 89 5-5 Ne 0-151 0-101 33-2 17 
A.ll Lab. — 60-5 39-5 Ne 0-164 0-102 37-8 20 
A.12 Lab. -- 60-5 39-5 Ne 0-107 0-085 21-0 9 
A.13 Works — 73 27 No 0-124 0-082 83-9 34 
A.14* Lab. _ 100 —_— NHs 0-184 0-129 29-9 43 
A.15 Lab. _ 100 —_ NH; 0-183 0-164 10-4 12 
Limestone 
A.16 Works 27 56 17 _ | 0-112 0-046 68-0 96 
A.17 Works _ 61-5 38-5 — | 0-116 0-076 34°56 44 
' 
* 1 per cent. slag only. ¢t Blank expt. no gas bubbling. 
TABLE IlI.—Grovup A. Lime/Atumina/SILIca SiaGs. 
Slag Materials. | 
Initial Final Percentage Ss 
Expt. No. Scale. Gas. Sulphur. Sulphur. Sulphur Ty 
CaO. Alo0z. 8102. Per cent. Per cent. | Removed. mM 
Per cent. Per cent. Per cent. 

A.18 Lab. 58-4 33-3 8-3 No 0-184 0-172 6-5 2 
A.19 Lab. 52-0 41-3 6-7 Ne 0-154 0-057 63-2 56 
A.20 Lab. 42-0 14-0 44-0 Ne 0-160 0-129 19-4 7 





























TABLE IV.—Grovup B. DE-SULPHURISING AGENTS 


ADDED TO THE METAL. 


Soprum CARBONATE OR FLUORSPAR. 


BaRIOM CARBONATE WITH 




















































































































e Slag Materials. 
ft Initial Final Percentage Ss 
is Expt. No. Scale. Sulphur. Iphur. Sulphur ix 
BaCOz3 CaFo. Soda Ash. Per cent. Per cent. Removed. M 
- Per cent. Per cent. Per cent. 
’ 
h 
re B.21 Lab. 100 oa — 0-158 0-084 46-9 30 
B.22t Works 84 16 -- 0-111 0-060 46-0 115 
je B.23 Works 50 — 50 0-100 0-047 53-0 76 
i. B.24 Works 50 — 50 “092 0-052 41-2 56 
1e B.25* Works 33 — 67 095 0-037 61-0 105 
n 
L; * Re-poured into a second basic ladle after tapping. t 2 per cent. slag only. 
‘h 
! TABLE V.—Catorom CARBIDE WITH SODA ASH (AND FLUORSPAR). 
d Slag Materials. 
ft Expt. Ni Scal — sulphu PSulph 5s 
xpt. No. cale. Sodi Calci Calct Sulphur. iphur. phur — 
n- um cium jum 
od Carbonate. Carbide. Fluoride. Per cent. Per cent. Removed Su 
- Per cent. Per cent. Per cent. 
en 
er B.26* Works 100 — 0-127 0-032 74°8 197 
to B.27* Works 93 7 _ 0-136 0-025 81-6 204 
B.28* Works 93 7 — 0-100 0-025 75-0 200 
OX B.29* Works 89 1l — 0-114 0-023 79-9 264 
ty B.30* Works 89 1l a 0-144 0-038 87-5 183 
he B.31* Works 82-5 17-5 — 0-117 0-030 74-4 193 
B.32* Works 82-5 17-5 — 0-076 0-030 60-5 102 
by B.33 Works 73-5 26-5 —- 0-110 0-052 52-7 75 
B.34* Works 73°5 26-5 _- 0-106 0-030 71-9 170 
rd B.35 Works 73°5 26-5 — 0-096 0-034 64-6 122 
B.36 Works 61-0 | 31-0 9-0 0-134 0-056 58-2 93 
“4 B.37* Works 61-0 31-0 9-0 0-123 0-052 57°9 91 
e 
. * Re-poured into a second basic ladle after tapping. 
a 
cal TABLE VI.—MISCELLANEOUS RESULTS (CALCIUM NITRIDE, ALUMINIUM, ETC.). 
ft, 
he Slag Materials. 
A Expt. Ni Scal sulphur suiphu rouphae Ss 
xpt. No. e. Sodium Ale- Other phur. phur. ulphur 3 
ast Gio eiteed: ssa Per cent. Per cent. Removed. Sur 
ine Per cent. Per cent. Per cent. 
st- 
be B.38* Lab. — = 40 per cent. 0-236 0-011 95-5 1,500 
limestone, 
nk 60 i. 
2 
cal B.39 Works 95-5 4-5 pi 0-096 0-044 54-0 73 
as B.40 Works 95-5 4°5 a 0-085 0-052 38-9 43 
are B.41 Works 95-5 4°5 —- 0-104 0-045 56-7 88 
8 B.42 Works 86 —_ 14 wn 0-108 0-026 76-0 210 
4 Oy 
in. B.48t Works 86 — 14 Ca/Al +095 0-050 47-4 60 
the aley 
‘he 





t Some acid slag entered ladle during tapping. 





NEW METHODS OF LADLE 
DE-SULPHURISING PIG IRON.* 


By De. W. C. Newz1t, F.R.1.C., A.R.C.8., 
A. J. Lananuzr, B.Sc., asp J. W. Parsons, B.Sc. 
(Concluded from page 211.) 

To increase the experimental flexibility and so as to 
be able to make trials which might have spoilt the 
iron for subsequent commercial purposes, tests were 
made on a small scale in a 20-lb. high-frequency 
laboratory furnace as well as in a 45-cwt. ein a 
works. This expedited the work and made it possible 
to confirm, on a practical level, results previonsly 
indicated on a small scale, while, of course, it was 
ised that a strictly quantitative comparison was 
not possible. As far as was possible, the experimental 
conditions were kept uniform and similar for the two 
series of tests. A basic-lined ladle was used for the 
works’ trials and a basic crucible was used in the 
furnace body for the laboratory trials. Temperatures 
were difficult to measure owing to presence of the 
slag and the complications caused by gas bubbling, 
etc., but the immersion pyrometer was cpa f 
used and the temperature range during the de-sul- 
phurising operation was found to be between 1,360 deg. 
and 1,300 deg. C., there being a temperature decrease 
of about 50 deg. C. The works control of its cupola 
metal was stich that its temperature was very uniform, 
and comparable temperature conditions were striven 
for in the laboratory trials. The small H.F. furnace 
was of 10,000 cycles frequency, and it was found that 
it was necessary to maintain some power on the furnace 
in order to maintain the desired temperature, and there 
was in consequence some swirling movement in the 
bath. 

The works’ cupola metal contained about 3 per cent. 
of carbon, 1 per cent. of silicon, 0-4 per cent. man- 
ganese, 0-04 per cent. Gastown, and 0-1 per cent. 
of sulphur. For the laboratory trials, ‘‘ Warner” 
white iron was melted down, and in consequence the 
silicon content of the melt was only about 0-2 per cent., 
while the sulphur content, which was introduced by an 
iron sulphide addition, was somewhat higher at about 
0-15 per cent. Several of the laboratory trials were 
performed in sequence, i.e., after one de-sulphurisation 
iron sulphide was added to re-establish the initial 
sulphur content and a second de-sulphurisation was 


made. 

For the works’ trials the standard procedure was to 
tap the cupola metal into a ladle containing 1-5 per 
cent. of the metal weight of slag-making materials. 
For the laboratory trials this was too s a quantity 
of slag to manipulate, and these trials were standardised 
on twice this amount, i.e., 3 per cent. of slag-making 
materials. Numerous slag analyses were made from 
which it was found that the final slag normally con- 
tained about 1 per cent. of sulphur. Detailed slag 
analyses are not given in this report for reason of 
space, and the fact that the analyses confirm that the 
slag composition is defined or is deducible from the 
slag-making materials. As would be expected, the slag 
analyses showed that, by reason of silicon oxidation 
from the bath, the slags were rendered less basic than 
the slag-making additions would have indicated. In 
calculating the sulphur distribution between slag and 
mictal it was assumed as a first approximation that the 
weight of the slag was equal to the weight of slag- 
making additions. To prevent oxidation of the metal 
during melting down in the laboratory furnace a 
portion of the slag-making additions was added before 
melting had commenced. 

The experiments can be classified into two types 
namely, Groups A and B. Experiments of Group A, 
comprise those in which nitrogen or ammonia was 
bubbled through the slag, this being maintained fluid 
and basic by the additions to it of various materials, 
such as fluorspar and alumina. The experiments of 
Group B comprise those in which various additions 
were made to the molten metal with the express object 
of revealing any specific de-sulphurising effects. 

Thus between these two groups of experiments it was 
possible to distinguish between the various operative 
factors, such as the agitative and chemical reducing 
effect of gas bubbling. The nitrogen or ammonia was 
blown through a mild-steel pipe at the depth of the 
metal/slag interface, the operation lasting about ten 
minutes, and consuming 25 cub. ft. of gas for the works’ 
experiments, and lasting 20 minutes and consuming 
5 cub. ft. of gas for the laboratory experiments. The 
factor controlling the rate of gas flow was violence of 
the agitation produced, and the duration of the bubbling 
was determined by repeated metal analyses at intervals 
in a few of the initial experiments, until the sulphur 
content was steady. The results from the various 
experiments are presented in Tables II to VI. 

Although many more experiments have been made 
than are reported here, the number of variables which 


* Paper presented at the forty-fifth annual meeting 
of the Institute of British Foundrymen, held in London 








from June 8 to 11, 1948. Abridged. 


were difficult to control was such that a large number 
of experiments were deleted from consideration. 
Even so, the authors are only too conscious that the 
results which have been submitted for consideration 
are far from being conclusive, and much more work 
is indicated as being desirable. From the initial 
experiments with nitrogen bubbling, in which repeated 
samples were taken at intervals of a minutes for 
about three-quarters of an hour, it was found that the 
sulphur contents fairly rapidly settled down to the 
figures reported, thereby showing how the sulphur 
removal was not proportional to the volume of nitrogen 
bubbling. There was, however, a simultaneous tem- 
perature drop which complicated the interpretation of 
this result, and the authors hope that later they may 
be able to make a study of the effect of gas bubbling 
under more uniform conditions. 

While additions of barium carbonate show little 
beneficial action, it should be pointed out that barium 
added in the form of its carbonate is far from being 
the most suitable form for such an addition. Not only 
is the carbonate only partially dissociated at the 
experimental temperature, but the liberation of carbon 
dioxide from it was an unfavourable oxidising influence. 
Unfortunately, the carbonate was the only compound 
available which could be used; such compounds as 
chloride, which were also available, would most likely 
have introduced other objectionable features. The 
outstanding results achieved with calcium nitride 
suggest that other such compounds, likely to lead to 
the ce of nascent and highly active metals, 
should be examined. 

The following conclusions can be drawn from this 
preliminary inquiry, and these will act as a basis for 
future research. It is confirmed that chemically basic 
and reducing conditions are favourable for de-sulphuri- 
sation. It is shown that a highly basic calcium silicate 
slag is effective as a de-sulphurising medium provided 
fluidity is maintained by fluorspar or other additions. 
It would appear that the predominant controlling 
factor is the mechanism of transfer of the sulphur from 
the metal to the slag, and that slag fluidity and inter- 
mixing with the metal are all-important. The role of 
nitrogen when bubbled through the slag appears to 
be solely that of a mixer of slag and metal, and no 
de-sulphurising action proportional to the volume 
bubbled has been observed. The most favourable 
de-sulphurising process so far tried has incorporated 
all the above factors, including chemical basicity and 
state of reduction, together with intermixing, and was 
obtained by the addition of about equal weights of 
limestone and calcium nitride, whereby there was a 
violent liberation of gas in situ. 





CATALOGUES. 


Hydraulic Leathers.—Advice on the design of pistons, 
rams and glands which incorporate leather seals is given 
in a booklet published by Messrs. J. H. Fenner and 
Company, Limited, Leather Sales Division, Marfleet, 
Hull. The firm are makers of U, V, “hat” and cup 
leathers, which are listed in the catalogue. 


Four-Position Rotary Switch.—Particulars of a single- 
pole three-heat series-parallel type rotary switch with a 
current-carrying capacity of 10 amperes at 250 volts, 
have been sent us by Messrs. Crater Products, Limited, 
The Lye, St. John’s, Woking, Surrey. This switch is 
intended for domestic purposes and consists of a 
cup-shaped moulding of insulating material to which 
five contact-terminals are secured. The moulding is 
also fitted with a shaft carrying two sets of moving 
contacts, which can be located in any one of four positions 
by flat springs. 

Paint-Agitating Machine.—A light paint-agitating 
machine, driven by a compressed-air motor, is described 
in a leaflet issued by Messrs. B.E.N. Patents, Limited, 
High Wycombe, Buckinghamshire. The motor is of 
the four-blade rotor type, and drives a shaft at any 
speed up to 300 r.p.m. Two propellers, having opposite 
pitch angles, are mounted on the shaft, the distance 
between them being adjustable, and they are designed to 
ensure maximum turbulence without splashing. The 
machine is normally supplied with a clamp for attaching 
it to the side of the paint drum, but other forms of attach- 
ment can be provided. 


Fertiliser Mixing and Dressing Plant.—The difficulty 
in mixing fertilisers is due to the varying densities of the 
ingredients, which may be between 45 Ib. and 100 Ib. 
per cubic foot, and to the nature of such materials as 
superphosphate, which is often slightly damp and sticky. 
A booklet issued by the Sturtevant Engineering Company, 
Limited, Southern House, Cannon-street, London, E.C.4, 
describes in detail the firm’s types of plant for automatic- 
ally mixing, weighing, bagging and conveying fertilisers. 
The publication also describes machines for excavating 
and bagging superphosphate from a pile, a ‘“‘ den” 
for the production of superphosphate, granulating plant, 
and a plant for the economical grinding of phosphate 
rock. 
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** ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS -OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawi 
is stated in each case ; where none 40 mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 
Capes Cf pine Cay t aeeint et Ge Pato 
fice Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 2s. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is given after the in 
each case, unless the Patent has been sealed, when the 


A , at any ti withi two months the 
‘dale of the advertisement of the acceptance of @ omplete 
pe neem | ve ea fe gh, £ 
opposition grant atent e 
grounds mentioned in the Acts. ’ 








MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 

600,097. Machine-Tool Table. Alfred Bullows and 
Sons, Limited, and G. B. Boyce, both of Walsall, Stafford. 
(3 Figs.) September 27, 1945.—This invention is a 
work-supporting table for use on a mctal-cutting machine 
tool, such as a drilling machine in which the rotary 
spindle carrying a drill or other cutter occupies a fixed 
position necessitating movement of the table for bringing 
different parts of a workpiece under the action of the 
cutter. A hollow base a is placed on the bed or ordinary 
table of a machine tool. On the upper side of the bed 
is mounted a horizontally movable slide b, having at its 
upper side a circular track on which is mounted a rotary 
work support c. Within the slide, and between it and 
the base, is secured a short hollow cylinder d containing 
@ pair of flexible and coaxial diaphragms e, f. The 
diaphragm e is carried by a two-part supporting disc g 
having formed on it a hollow plunger h which extends 
through a gland 7 in the upper side of the cylinder. 
The diaphragm f is carried by another two-part support- 
ing disc j having formed on it a hollow plunger k, which 
extends through a gland m in the lower side of the 
cylinder. The cylinder is provided also with connec- 
tions n for pipes for conveying compressed alr to the 
regions within the cylinder respectively above the upper 
diaphragm and below the lower diaphragm, the supply 
of air being controlled by appropriate valves. Through 
the hollow plunger A is arranged a post z having at ite 








lower end a shoulder o which abuts against the underside 
of the disc g carrying the diaphragm, a head p at the 
upper end of the post being secured to the rotary work 
support c, and the axis of this post being arranged on 
the axis of the support. To the plunger xk is secured also 
another post g, which at its lower end has a collar r, 
the latter extending into a slot sin, and bearing against, 
the underside of the upper part of the hollow base a. 
In the slide b are three equi-spaced cylindrical sockets t 
the upper ends of which intersect the circular track, and in 
each socket is placed a plunger u, which is supported on 
a short stiff spring »v and which carries at its upper end 
a roller w which bears against the under surface of the 
work support c. Similar sockets and spring-supported 
plungers with rollers are arranged in the tracks on the 
base a carrying the slide 6. The latter plungers and 
rollers are located at the corners of the rectangular 
base a. The arrangement is such that when no fluid 
pressure acts on the diaphragms, both the rotary work 
support c and the slide b are supported by the rollers, 
and are ¢ quently capable of being easily moved by 
hand so that any part of a workpiece on the support 
can be brought into the desired position relatively to the 
cutting tool. After the workpiece has been located, 
pressure fiuid is admitted to both parts of the cylinder 
containing the diaphragms, causing the work support ¢ 
to be tightly pressed on to the slide 56 and the latter 
on to the base a, thus securing the parts against undesired 
relative movement. (Sealed.) 
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602,561. Fusible Plug for Boilers. G. H. Mills, of 
Southampton, Hampshire, and S. R. Stone, of Eastleigh, 
Hampshire. (3 Figs.) October 29, 1945.—This inven- 
tion is an improved fusible plug for use as a safety device 
in a boiler to allow boiler steam to discharge in the event 
of the water level in the boiler falling below a safe limit. 
Such plugs, as hitherto employed in locomotive-boiler 
practice, have not proved entirely reliable, failure being 
ascribed to one or more of the following causes: (i) Cor- 
rosion of the fusible metal in contact with the boiler 
water. (ii) Where the plug consisted of a non-fusible 
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core surrounded by an annular fusible layer, the core 
could lodge in a position obstructing the steam passage 
after it had become partly dislodged on melting of the 
fusible layer. (iii) After fusion had commenced, cooling, 
due to the passage of steam caused re-solidification and 
re-sealing of the plug before safe conditions had been 
ensured. The object of the invention is to provide q 
simple fusible plug in which the danger of such failures 
is reduced or eliminated. The plug body 1 is of cylin- 
drical shape with a square flange 2 at the lower or firebox 
end and a tapering wall portion 3 at the other end. ‘The 
intermediate portion has a taper thread 4 for screwing 
into the firebox roof in the usual manner. Extending 





from the lower end nearly to the level of the upper limit 
of the screwthread is a cylindrical bore 5 surmounted by 
an upwardly tapering throat 6 with an apex angle of 
45 deg. The minimum diameter of this throat 6 igs 
rather more than one half the diameter of the bore 5, the 
length of the latter being nearly three times its diameter. 
The throat 6 in turn, is surmounted by a comparatively 
wide and deep recess 7 surrounded by walls 8 of reduced 
thickness, the edge of the throat and the inside of the 
recess being well radiused. The di ter of the recess 7 
is about twice the throat diameter and its depth about 
equal to the: latter. A steel ball 10 of slightly larger 
diameter than the minimum diameter of the throat 6 is 
lightly forced from above through the throat. Pure 
lead 11, 12 is then filled into the throat 6 and recess 7, 
causing the ball to float into position in the throat and 
project slightly into the recess. (Sealed.) 





MISCELLANEOUS. 


600,771. Brick Moulding Machine. Clayton Good- 
fellow and Company, Limited, and J. Harrison, both of 
Blackburn, Lancaster. (3 Figs.) May 11, 1945.—This 
invention concerns brick moulding machines which are 
of the single press type or of the “ repress’ type. With 
machines of these types it sometimes happens that a 
portion of the material may remain in the feed box, 
with the result that the mould is not properly filled and 
imperfectly formed bricks, or bricks that are not uniform 
in size, are produced. The objects of the invention is to 
obviate this defect. A indicates the feed box, B the 
feed hopper, C the first mould, C! the re-pressing mould, 
D, D' a pair of pressing plungers, and E, E! a pair of 
die plates which are raised and lowered together by a 
cam F. G indicates a cam track containing a roller H 
on an arm J suspended at one end by a link K pivoted 
on a stationary pivot L and connected at its other end 
to one arm M of a two-armed lever, the other arm N 
of which is attached by a rod O to the feed box. These 
parts are of the usual type, but hitherto the portion of 
the cam track that moved the feed box A over the 














mould was formed with a single peak. In the example 
shown, in order to subject. the feed box to a shaking 
action while over the mould, it is formed with two peaks 
G}, G*, and between these peaks is a depression G’. 
These two peaks with the depression between them cause 
the feed box to be subjected toa shaking action while it 
is under the hopper to facilitate the passage of the 
material from there to the feed box and also to distribute 
the material and cause it to settle in the feed box so that 
the latter is likely to be filled with a greater amount of 
material. In the position shown in the drawing, the 
flat or depression G* has travelled past the roller H and 
the second peak G? is presented to it. The die plates 
E, E! have fallen to their bottom position and the feed 
box has completed its shake, with the result that the 
mould C has become fully charged with the brickmaking 





material. (Sealed.) 
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FIRE-FIGHTING SYSTEMS 
FOR COLLIERIES. 
By Dr. J. 8. Bram, M.I.Mech.E. 


Some ten years ago, when the matter of fire- 
fighting in collieries was first under consideration, 
high-pressure systems using pipes of 2-in. nominal 
bore were advocated; many such installations 
were then installed and have worked with complete 
success. Since then, however, the suggestion has 
been made that slightly larger pipes should be used 
on some of the high-pressure systems in which the 
available head is not very great; also, while it is 
still considered by many districts that the high- 
pressure system is the most suitable, a few areas 
wish to adopt the low-pressure system, supplying 
considerably more water and, for such a system, 


Fig.1. 





A }-in. nozzle is considered to be of adequate 
size for fighting fires in the confined spaces in the 
road and along the face, and, for the same reason, 
it is generally unnecessary to provide for more than 
one jet at atime. In view, however, of the fact that 
a low-pressure system supplying a greater quantity 
of water is preferred by some people, data for one 
or two §-in. jets are also provided. 

Before dealing with the specific question of fire 
fighting, a few general principles may be con- 
sidered. The amount of water which flows through 
@ nozzle, hose or pipe depends on the available 
pressure, the size of the opening in the nozzle or 
pipe, and, in the case of the hose and pipe, the 
length. The “static head” is the pressure which 
exists at the point under consideration when no 
water is flowing and which drops to some lower 





value, due to losses, as soon as flow takes place. 


Fig. 2. 
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it would be necessary to use considerably larger 
pipes. The following notes, therefore, deal both 
with high-pressure and low-pressure systems. There 
are certain general principles common to both and 
these are dealt with first, followed by a detailed 
description of, and calculations for, the high- 
pressure system and then the low-pressure system. 

The essential requirement for fire fighting is an 
adequate throw of jet. The actual quantity of 
water is less important, since it is useless to have 
a large quantity of water if it merely falls a few feet 
away from the operator. In the past, it has been 
considered that a 30-ft. throw was the minimum 
which should be aimed at. Experience from the 
last few years, particularly with regard to fire 
fighting during the war, indicates that 25 ft. would 
be adequate, and this has been used as a basis for 
the subsequent calculations. This 25-ft. throw must 
be obtained with a rise of not more than 5 ft. above 
the nozzle and, in fact, with such a throw the jet 
would land again at the same level as the nozzle, 
but some 45 ft. to 50 ft. from it. Of course, under 
these minimum conditions, it would not be possible 
to project the water on to the roof at points farther 
than 25 ft. away. 
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Generally speaking, however, if the “static head ” 
and the length, diameter, etc., are known, the 
quantity flowing through the pipe can be determined. 
The usual type of fire nozzle, by constricting the 
outlet at the end of the hose, causes the water 
flowing in the hose to speed up and emerge in the 
form of a jet. There is a pressure drop across the 
nozzle which rises approximately as the square of 
the velocity of the water flowing through the 
nozzle. The relationship between pressure, quantity 
and nozzle diameter is given by G = 24-7 E d**/P, 
where G is the flow in gallons per minute, E is the 
nozzle efficiency, as a decimal, d is the bore of the 
nozzle in inches, and Pis the pressure in Ib. per square 
inch, From this, for a }-in. nozzle, P = 0-0285 G*, 
and, for a §-in. nozzle, P=0-0114 G*. These 
relationships are shown in Fig. 1, herewith. 

The horizontal throw of the jet increases with 
increasing pressure and, as previously pointed out, 
the required throw, in the case of fire fighting, is 
the “ effective throw,” which has been defined as 
half the throw of a jet which rises 5 ft. above the 
nozzle. The effective throws corresponding to 
various rates of flow are given in Fig. 2, herewith, 
for }-in. and §-in. nozzles. The height to which a 
jet rises also increases with increase of pressure, 
and, although naturally the maximum height is 
obtained when the jet is pointed vertically upwards, 


20 
(93920) 





such a jet is not very useful for fire fighting. Fig. 3, 


herewith, gives the relationship between height and 
rate of flow for a projection angle of 60 deg. from 
the horizontal. While these high-angle jets cannot 
be used underground, the values are included here 
because fire-fighting systems of collieries should 
also be capable of attacking fires which may occur 
on the surface, where height is not restricted. 

While }-in. and §-in. nozzles have been dealt 
with here, a very useful type is the adjustable one, 
the outlet diameter of which can be changed, 
while the water is flowing, over a size range of say, 
1 in. down to } in. Such a nozzle enables an ade- 
quate throw to be obtained even if the pressure, 
for some reason, is lower than normal, while, at the 
same time, if it is possible to utilise the greater 
quantity of water by standing nearer to the fire, 
the nozzle can be opened up to the largest size with 
@ corresponding reduction in throw. It is advisable 
for such adjustable nozzles to be provided with a 
stop to prevent them being closed below some value, 
say, } in. or # in., since closing down beyond this 
May cause excessive back pressure and failure of 
the hose. Intelligently used, however, these nozzles 
are much more satisfactory than fixed ones, as they 
always enable the minimum amount of water to be 
used consistent with controlling the fire. The 
throws, pressure and heights, when using an adjust- 
able nozzle, can be obtained approximately from 
Figs. 1, 2 and 3, by estimating by eye the value for 
the particular diameter to which the adjustable 
nozzle is set. 

The usual type of fire hose is the 2}-in. canvas 
type. Custom differs in this respect, however ; 
some collieries use the 2}-in. hose and others prefer 
rubber-lined hoses. Naturally, the resistance to 
flow caused by hoses of different sizes varies appre- 
ciably ; but, as in many cases, the loss in the hose 
does not re t a major proportion of the total, 
variations due to different types of hose will not 
be very significant, and all calculations of flow 
rates here have been based on the assumption that 
825 ft. of 2}-in. canvas hose will be employed. 
The reason for choosing 825 ft. is that, in general, 
it is suggested that hydrants should be placed not 
farther apart than 750 ft.; and, since it may be 
necessary to fight a fire close to a hydrant from the 
hydrant next outbye, at least 750 ft. of hose would 
be required. It is customary to use 75-ft. lengths, 
and it is advisable to consider that there may be 
one additional length more than the hydrant 
spacing, that is, 11 times 75 ft. = 825 ft. of hose. 
Occasionally, the hydrant spacing may be more 
than 750 ft., and, in such cases, more hose may be 
necessary ; but, it greatly complicates matters if 
anything other than one average value is used. 

The loss of pressure in 2}-in. canvas hose for a 
length of 825 ft. is given by P = 0-0162 G15; 
Fig. 4, herewith, shows these values plotted. If 
shorter or longer lengths of hose are in use, the 
appropriate pressure drop can be obtained by direct 
proportion. It should be noted in this connection 
that, ten years ago, calculations were all carried out 
on the assumption that 1,500 ft. of hose might be 
employed in some circumstances. This seems such 
an exceptional length, and would be so difficult to 
handle in the pit, that it is preferable to space the 
hydrants closer together and to use less hose as 
suggested here. The maximum pressure to which 
2}-in. canvas hose should be subjected is 150 Ib. per 
square inch, though the hose is usually tested to 
700 lb. per square inch; means must be taken, 
therefore, by the use of relief valves or other devices, 
to ensure that the pressure built up in the hose does 
not exceed 150 Ib. per square inch. 

The normal type of hydrant consists of a sluice 
valve ending in a suitable hose connector. In cases 
in which only a low pressure is available under 
flow conditions, such a hydrant can be opened 
without the pressure in the hose rising too high. 
In many cases, however, some form of throttling 
must take place at the hydrant to prevent excessive 
quantities passing into the hose ; and, although this 
can be and is done, in many instances, by partly 
opening the valve, there is a danger that it may 
be opened suddenly and fully, with consequent 
bursting of the hose. It is better, therefore, to have 
a pre-set adjustable throttling device, which usually 
consists of a needle valve operating in an orifice, 





placed on the outlet side of the main valve. 
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In addition, of course, there should be a relief 
valve between hydrant and hose, so that the 
pressure in the hose will not rise above 150 Ib. per 
square inch. This relief valve should be capable of 
passing at least as much water as the nozzle attached 
to the hose. With such an arrangement, the normal 
procedure would be to attach to the hydrant the 
maximum hose length and the appropriate nozzle 
and, with the throttling valve almost closed, to 
open the hydrant valve fully. The throttling valve 
would then be opened until the relief valve started 
to discharge, indicating that the pressure in the 
hose was the maximum permissible pressure of 
150 Ib. per square inch. (Some collieries prefer to 
limit their maximum pressure to, say, 100 lb. per 
square inch from the point of view of having an 
additional factor of safety.) The throttling valve 
would then be closed again slightly, to prevent 
water actually flowing out of the relief valve, and 
in this condition it would be set and locked. After 
that, it would not matter whether the main hydrant 
valve were opened fully, rapidly or slowly; the 
throttling valve would prevent an excessive pressure 
rise. Special conditions arise, however, if some- 
times one and sometimes two jets are to be used ; 
these will be dealt with when considering the low- 
pressure system. 

A slight objection to the throttling-valve arrange- 
ment is that, if it were fitted to all hydrants in the 
system, there might be occasions on which the 
throttling valve would be open fully, but, even in 
this condition, it would still present some obstruction 
to the flow. In view of this, it is thought advisable 
to allow a loss of 15 velocity heads for such a com- 
plete hydrant, even in the fully-open position ; 
the corresponding pressure drop for the different 


TABLE I.—Limiting Conditions for }-in. and §-in. Jets. 
(Pressures in lb. per square inch.) 





4-in. Jet. #-in. Jet. 





Max. 





Throw, ft... 
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TABLE II.—Pipe Details. 
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rates of flow through such a hydrant are given in 
Fig. 4. Tn cases in which such a throttling valve 
is not used, the calculations made on the above 
assumptions would not be quite correct ; actually, a 
little more water will be obtained than the calcula- 
tion indicates. 

It will be seen, therefore, that the minimum 
requirements are those for a 25-ft. throw, while the 
maximum are those which give not more than 150 Ib. 
per square inch at the hydrant outlet when using 
825 ft. of hose. The corresponding discharges, etc., 
are given in Table I, herewith, and illustrated in 
Fig. 5, on this page, for the }-in. nozzle. 

Three sizes of steel pipe are suggested. Two of 
them (2 in. and 2} in. nominal bore) for the high- 
pressure system, and 3 in. nominal bore for the low- 
pressure system. Details of sizes, working pressures, 
etc., are given in Table II, on this page. For the 
high-pressure mains, screwed and socketed joints, 
using taper-threaded hydraulic couplers, should be 
used. While, in fact, precisely similar joints are 
quite suitable for the low-pressure mains, those 
who advocate the use of low-pressure mains 
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often prefer the Carlton joint. Experience has 
shown that both types are perfectly satisfactory, 
though the Carlton joint is not suitable for use at 
very high pressures, nor in vertical shafts. Both 
joints naturally cause a slight obstruction to the 
flow, but this has been taken into account by an 
increase of 5 per cent. in the effective length of the 
main, which also covers losses in bends, fittings, etc. 
To allow for deterioration of the surface, which is 
normally bitumen-coated, a further allowance of 
10 per cent. has been made. With these two allow- 
ances, the relationship between pressure and rate 
of flow for 1,000 ft. of these steel pipes can be taken as 
+29 1°86 
== J —, where d is the actual bore in inches. 
The corresponding values for the particular pipes 
under consideration are given in Table II. Pipe 
losses given in that table include 5 per cent. and 
10 per cent. for fittings and deterioration, and are 
based on 


1-22 x 107% Glas], 
ve ro / 


2-82 x 107% q's, 


and h z 





In general, two causes are responsible for a 
diminution of flow as the pipes age. The first is 
corrosion, which causes the surfaces to become 
rougher ; this may occur if the original bituminous 
lining proves inadequate. Eventually, of course, 
such corrosion might cause actual leakage, though 
no instance of this has come to the writer’s notice 
in the past ten years. The other matter which 
may be serious is silting up of the pipes, or the 
pipes becoming coated with a limy deposit. In a 
few cases, this has caused an appreciable reduction 
in flow. The best way to deal with this (and, in 
fact, the best way to deal with the corrosion prob- 
lem) is to treat the water in a suitable manner. 
From the point of view both of corrosion and silting, 
the water pumped from the mine should not be 
used for fire fighting, clean town’s water being 





preferable. 
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Table II, it will be noticed, gives the maximum 
working pressures for these pipes when using a 
fire-fighting main, and with the particular type of 
joint suggested. Since, in many cases, the maximum 
pressures will not be reached even under static 
conditions, it might seem unnecessary to provide 
such thick pipes ; but, in view of the possibility of 
corrosion and the advantage of having some addi- 
tional factor of safety (quite apart from the desira- 
bility of standardising pipe sizes so that no special 
selection will be required for any given pressure 
conditions), it is considered advisable to advocate a 
pipe suitable for considerably higher pressures, 
even though such pressures may not arise in practice. 
Thus, in the case of the high-pressure system, all 
pipes 2 in. bore by } in. thick would be suitable for 
1,500 Ib. per square inch and 2} in. by 5 g. pipes 
for 1,000 lb. per square inch, no matter in what 
mine they are used. Similarly, in low-pressure 
systems, the usual maximum pressure of 400 Ib. per 
square inch would be suitable for the pipe suggested, 
though, in some cases, the mines might be so shallow 
that even this relatively low pressure would not be 
attained. 

In the case of low-pressure systems, and very 
occasionally in high-pressure systems also, where 
the static pressure is over 1,500 lb. per square inch, 
some method of reducing the pressure at intervals 
must be used if the mine is a deep one. Advocates 
of the low-pressure system generally favour the use 
of break-pressure tanks; but these have many 
objectionable features, particularly the provision of 
suitable automatic filling valves, the large amount of 
space taken up, the vulnerability of the tanks, and 
the possibility of corrosion occurring in them. _ 

Reducing valves, on the other hand, may be quite 
suitable and have none of the bad points of break- 

ure tanks, though it is essential that they 
should be of such a type that there is no possibility 
of gradual leakage of the pressure through them, 
with the resulting building up of high static pressure 
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on the low-pressure side of the valve. For this 
reason, spring-loaded diaphragm types are usually 
not considered suitable, though the double-stepped 
piston type is considered by many collieries to be 
adequate. Such valves are certainly satisfactory 
in the few cases in which they would be required 
on high-pressure systems to ensure that the pressure 
did not rise above 1,500 lb. per square inch, since, 
in general, the available total pressure is unlikely 
to be more than about 1,800 lb. per square inch; 
so that, even if they allowed slow leakage and 
built up this pressure on a rare occasion, the factor 
of safety would be sufficient. On the other hand, 
it is questionable whether they would really be 
suitable when attempting to reduce from, say, 
1,500 lb. per square inch to 50 lb. per square inch 
as might be required if they were to replace break- 
pressure tanks in low-pressure systems. The provi- 
sion of a relief valve on the low-pressure side of 
these reducing valves would obviate, in most cases, 
any difficulty due to leakage of this sort and would 
safeguard the low-pressure line. The use of reducing 
valves has a further advantage in that there is no 
overlapping of pipe required to supply suitable 
pressure immediately below a break-pressure tank. 

The following is a description of an ideal layout of 
fire-fighting mains, though such an arrangement is 
not always possible in all collieries. It does, however, 
give the maximum ability to cope with fires in any 
part of the mine and should be the standard to be 
aimed at. 

Since it is not considered necessary to deal with 
fires in the shaft itself, there is no need for hydrants 
in the downcoming main; this main should be 
arranged to draw water from a static tank on the 
surface, supplied with clean water (preferably from 
the town’s mains) treated, if necessary, to prevent 
corrosion or deposition of silt, This vertical pipe 
should have screwed and socketed joints or flanged 
joints, but not Carlton joints. The joining of the 
fire mains to the bottom of the rising main up 
which the mine water is pumped is not considered 
the best practice, even though it does at times 
provide a little extra head arising from the pumping 
losses in the rising main. 

At the foot of the shaft there should be a right- 
angle bend, followed by a stop valve, from which 
the pipe should be branched and led into the 
various roads to the faces. At intervals of about 
every 750 ft., a hydrant should be provided. Where 
screwed and socketed joints are used, an occasional 
flanged joint will facilitate removal or repair, the 
spacing of such joints being a matter for each 
individual colliery. Suitable lengths of hose should 
be kept near the hydrants at appropriate points in 
the roads and near the faces, so that time is not 
lost in connecting up, should a fire occur. 
valves may also be advisable at intervals to isolate 
sections, and particularly to isolate individual 
branches to different faces. 

There are, of course, cases in which a hydrant 
at the face or elsewhere may be higher than the 
supply tank at the pithead. In such a case, no 
increase in the size of the pipe will provide adequate 
water, and pumps must be installed. Such cases 
require special treatment, and the position, capacity 
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and pressure for the pumps must be decided indi- 
vidually. 

Where water is used for dust suppression, wet 
boring, etc., it is usually required in a relatively 
small quantity ; if there is sufficient to supply a 
fire jet, there is sufficient for these other purposes, 
particularly in view of the fact that they would not 
normally be kept in operation when the same main 
is being used for fire fighting. The quantity required 
seldom exceeds 10 g.p.m. at each working face. 
Since, however, the pressure at which water is used 
for dust suppression, etc., is usually quite low 
(about 100 Ib. per sq. in.), some form of reducing 
valve or break-pressure tank is required near the 
face for this purpose, particularly as it is customary 
to turn off the water at the machine itself, which is 
connected to the main by means of flexible hose 
incapable of carrying high static pressures. Thus, 
although while running it would be sufficient to 
“crack” open the hydrant valve to a small extent 
to provide the necessary small quantity of water 
at low pressure, turning off the water at the machine 
would immediately result in full static pressure 
coming on the flexible hose and probably bursting 
it. A reducing valve in this connection is much 
more suitable than a break-pressure tank since, 
even if the reducing valve did not shut off fully, 
the worst that would happen would be the bursting 
of a flexible hose ; if suitable relief valves are pro- 
vided, even this would not occur. 

The force of the water rushing through a fire 
nozzle causes a reaction which must be resisted by 
the person holding the hose. This reaction may be 
quite considerable, particularly with jets of large 
diameter, and is one of the reasons why large jets 
and high pressures are not favoured. The theoretical 
value of this backward force F, in Ib., is given 


by the equation F = 2Pa = 2p d*, where P is 


the pressure drop at the nozzle, a is the cross- 
sectional area of the nozzle, and d is the bore. 
Thus, in the case of the }-in. nozzle discharging 
60 g.p.m., the pressure drop is 98 lb. per square inch, 
and the backward reaction is 38 Ib., which is easy 
to handle ; but a jet 1 in. in diameter, discharging 
at 120 Ib. per square inch, would have a reaction 
of some 189 lb. and would take two or three men to 
hold. it. The above values would not be quite 
realised in ice, because of various losses. 
Surface fires at collieries are not particularly 
different from any other normal surface fire, because, 
in general, the pressure available is insufficient 
without the use of some form of booster pump. 
The same type of mains can be used as below 
ground, though, in general, the pressures would not 
be sufficiently high to warrant the use of the smaller- 
sized thick pipe. The length of piping is commonly 
quite small, so that the 2}-in. pipe, with screwed 
and socketed joints, probably represents a good 
compromise, As a rough guide, the pump pressures 
should be such that a pressure of about 100 lb. 
per square inch should be available at the highest 
hydrant point when the water is flowing ; though, 
as the hose may have to be run uphill a considerable 
distanee from the hydrants, it may be necessary, 
in many cases, to provide greater pressures than 
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this. The nozzle pressures required will be governed 
to some extent by the greatest height that the jet 
may be required to reach (for example, when 
attacking a fire in the pithead gear), and Fig. 3, 
on page 433, may prove useful in this respect. 

In the following consideration of high-pressure 
systems underground, it is assumed for the purpose 
of calculation of the quantity of water available at 
any given hydrant, that only one }-in. jet is in use 
at a time; that a maximum of 825 ft. of hose is 
attached to any hydrant; that the throttling type 
of hydrant is in use, giving a loss of 15 velocity 
heads in the fully-open position ; that the maximum 
permissible pressure in the hose is 150 lb. per square 
inch, governed by relief valves on the hydrant ; 
and that continuous-weld steel pipe, 2 in. nominal 
bore and } in. thick, with taper-taper screwed and 
socketed joints, is used for pressures up to 1,500 lb. 
per square inch, or, if this does not provide sufficient 
water, similar pipe of 24 in. normal bore and 5 g. 
thick, up to 1,000 lb. per square inch. The total 
losses in such a layout are as follows, P being the 
loss in Ib. per square inch and h the corresponding 
loss in feet of head; L is the length of the pipe in 
feet. The loss in the }-in. nozzle, P = 0-0285 G? 
(h = 0-0658 G*); in the 825 ft. of hose, P = 
0-0162 G85 (h = 0-0374 G85); in the hydrant, 
P = 0-00197 G*, (h = 0-00455 G*). In the 2-in. 
pipe, the loss P = 52-9 x 10-* G?"** L (h = 120 x 
10-* G85 L); or in 2}-in. pipe, P = 10-9 x10-* 
G85 L (h=25-2 x 10-*G?"** L). Thus, when using 
2-in. pipe and a }in. nozzle with 825 ft. of hose, 
and making the above deductions, the total available 
static head will be H = 0-0658 G? + 0-0374 G1"85 
+ 0-00455 G? + (120 x 10-* G?"*> L). This cannot 
be solved directly for G, if H and L are known, 
but Fig. 6, on page 434, gives the graphical solution. 

It is sometimes useful to have this in a’ form which 
shows the length at which the discharge just reaches 
the minimum permissible requirement (29 g.p.m.), 
and also the length corresponding to the maximum 
permissible requirement (63 g.p.m.). These are, for 
the minimum discharge of 29 g.p.m., L = 16-4 
(H —78-5); and for maximum discharge of 63 
g.p.m., L = 3-9 (H —360). As an easily memorised 
approximation, the value for 29 g.p.m. can be taken 
as L = 16 (H —80). 

When using a 2}-in.nom. bore pipe, the correspond- 
ing equation will be H = 0-0658 G*+-0-0374 G1"8> + 
0-00455 G? + (25-2 x 10-* GI85L). Fig. 7, on 
this page, gives a graphical solution of this equation. 
The value for the length at which the minimum 
discharge of 29 g.p.m. occurs is given by L = 78-1 
(H — 78-5); and. the value for the maximum dis- 
charge of 63 g.p.m. is given by L = 18-5 (H — 360). 
The approximate value for the minimum discharge 
of 29 g.p.m. can be taken as L = 80 (H — 80). 

In a few instances, the static head may be 
greater than 3,470 ft. (= 1,500 Ib. per sq. in.) and, 
in such cases it will be necessary to provide a break- 
pressure tank or, preferably, a reducing valve, in 
the shaft at such a position that it is not more than 
3,470 ft. above the face. The reference here to the 
“face” applies to the most distant future face 
likely to be served by the fire-fighting system. The 
position of this future face is generally known and 
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should certainly be taken into account when laying 
out a fire-fighting system so that it will be adequate 
for future demands. 

Figs. 8 and 9, on page 435, show two elevations 
of typical collieries. Fig. 8 is a simple mine with 
horizontal roadway. In this and other diagrams, 
the point A represents the position of the present 
face and F the most distant future face; B is the 
bottom of the shaft and other letters refer to inter- 
mediate or other points. In this example, the 
static head is 1,000 ft. at all points in the roadway 
and the only variable is the length of the pipe, 
which includes the length down the shaft. 

Table III, gives examples of the quantity 
which would be discharged from a }-in. nozzle 


TABLE III.—-High-Pressure System with one }-in. Nozzle, 
825 ft. of Hose, and 2-in. or 2}-in. Pipe (Fig. 8). 





Hydrant postion | a | pw | c | » 





--| 1,000 1,000 1,000 

pe length, L, ft. . -| 18,000 1,000 9, ,000 
2 in — bore pipe 
Free flow, g.p.m. ws 31 81 37 
Throttling ..' No Yes No 
Final flow, g.p. m. nil 31 63 37 


Effective throw, ft. .. 27 40 30 
Nozzle pressure, Ib. per 
. in. a ne 28 114 40 


per sq. = 36 148 50 
2}-in. nom. two pipe: 
Free flow, g.p.m. wa 61 69 
Throttling th No Yes Yes 
Final flow, g.p. m. “a 61 63 63 


Effective throw, ft. . 39 40 40 
— pressure, Ib. per 
sq. in. 106 114 114 
Max. _— Pressure, ib. 
per sq. i eae 138 148 148 

















* “ Large’ means greater than 80 g.p.m., which is the maxi- 
mum shown on the graph. 
connected to either the 2-in. pipe or the 2}-in. 
pipe, the values being obtained from Figs. 6 and 
7. It will be noted that, in eases in which the 
unobstructed flow would exceed that which gives 
a pressure of 150 Ib. per sq. in. in the hose at the 
outlet of the hydrant, the hydrant will require to 
be throttled to provide not more than the maximum 
discharge condition of 63 g-p.m. This table shows 
that, at all points except F, the minimum conditions 
are more than met. Even at F the discharge gives 
a throw of 244 ft., so that it might well be con- 
sidered that even this was sufficient. On the 
other hand, if more water is required, the 2}-in. 
pipe gives 57 g.p.m. at F as compared with 28 g.p.m. 
for the 2-in. pipe, but at all other points the hydrants 
would require to be throttled permanently. 

Fig. 9 shows a mine in which the level of the 
roadway changes and, in consequence, the static 
head varies from point to point. Table IV gives 
the discharges, etc., which would be obtained 


TABLE IV.—High-Pressure System with 2-in. Pipe 
(Fig. 9). 





Hydrant position. A B c D E F 





Static head, ft. 1,200 | . 800 | 1, ane 1 ae 400 | 1,500 
Pipe length L, ft. 800 4,800 
2-in pipe: 
Free flow, g.p.m. 41 49 42 30 43 
Throttling --| No | Yes | No No No No 
Final flow, g.p.m. 41 63 49 42 30 43 


Effective throw, 
ft. a 32 40 35 33 26 33 
Nozzle pressure, 


Ib. per sq. in... 49; 114 68 51 26 53 

. hose pres- 
sure, Ib. per sq. 
in. we we 63 148 89 65 34 69 























at the various points in this mine and it will be 
seen that, at all places, the 2-in. pipe gives ample 
water for fire fighting. The worst case occurs, 
of course, at point E, which is considerably above 
the bottom of the shaft and, in consequence, has 
not a very large available head. Throttling is 
only required near the bottom of the shaft. 


(To be continued.) 





PREVENTION OF ICE FORMATION ON OONDUCTOR 
Ratts.—London Transport state that the conductor 
rails on all their railway tracks which are in the open, 
will be equipped, by some date durit g the present month, 
with the anti-freeze liquid distributors which were 
described in ENGINEERING, vol. 164, page 479 (1947). 
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The Royal Society Empire Scientific Conference. Report, 
in Two Volumes. The Royal Society, Burlington 
House, Piccadilly, London, W.1. [Price 42s. net, 
the two volumes.] 

Dvurine the war, the Royal Society was a centre 
for discussion of matters of mutual interest by 
scientific representatives of the Dominions, many 
of whom were acting as liaison officers in London. 
The conversations which took place soon revealed 
a need for wider and deeper consideration of many 
problems affecting the organisation of science 
throughout the Empire, with the general objective 
of promoting the fullest attainable use of science for 
the benefit of mankind. The question was studied 
by the British Commonwealth Science Committee, 
under the chairmanship of Sir Henry Dale, whose 
report, suggesting that an Empire Scientific Con- 
ference be convened as soon as possible after the 
war, was approved by the Scientific Advisory Com- 
mittee of the War Cabinet. The Government 
invited the Royal Society to arrange an appro- 
priate conference in London, and contributed 
£15,000 to cover its expenses. 

The outcome was the Royal Society Empire 
Scientific Conference, which was opened by His 
Majesty the King on June 17, 1946, and lasted for 
the three succeeding weeks at the Universities of 
London, Oxford and Cambridge. It was attended 
by 114 delegates, representing 18 different countries 
of the Empire, in addition to whom some 200 
scientists in this country participated in particular 
discussions on topics of which they had speci 
knowledge. The proceedings took the form of 
daily discussions embracing a pre-arranged pro- 
gramme of subjects on which representative papers 
had been submitted in advance. The first three 
days were devoted to the organisation of science 
throughout the Commonwealth, various aspects of 
which were treated in 12 papers presented by the 
delegations. On subsequent days, 14 discussions 
took place, each based on an average of about 
eight papers, by individual authors, which were 

pre-digested ” during the month preceding the 

Gbiene and explained in summary by recorders 
and “ steering groups,” who, to some extent, directed 
the discussions in such a manner as to ensure con- 
sideration of all points of importance, and a large 
measure of concordance in the conclusions reached. 
These formulated opinions were reported to the main 
steering committee of the Conference, by whom 
they were co-ordinated and eventually, sometimes 
after emendation, submitted at the final session, 
whence they emerged as the agreed views of the 
whole body of delegates. 

The complete Report of the Conference, including 
all the 132 separate papers and summaries of the 
discussions, occupies some 1,500 pages in the two 
volumes under review. In view of the main 
of the Conference, it is not unexpected that the 
proceedings are predominantly of a general rather 
than a specific character, outlining the problems 
under investigation, the state of knowledge attained, 
and the objectives and difficulties envisaged rather 
than presenting the detailed results of individual 
researches. On the other hand, it is somewhat 
surprising that barely any of the subjects con- 
sidered lie within the scope of the mechanical 
sciences. Indeed none of the words “‘ engineering,” 
“ metallurgy ” or “ physics” appears in the quite 
comprehensive index, and the discussions approach 
those applied sciences only marginally and incident- 
ally in such connections as the uniformity of physical 
standards of measurement, the development of soil 
mechanics, the preservation of food, or the influence 
of meteorology on agriculture. Nevertheless, there 
was no dearth of valuable information forthcoming 
on other subjects that are, perhaps, more the com- 
mon concern of the Empire as a whole; to which, 
it may be , the Conference purposely 
directed its chief attention. 

Among them, as mentioned earlier, the existing 
organisation of scientific research figured pro- 
minently, and the combined statements on this 
matter, including in some cases brief references to 
the broad lines of research in , present a 





progress: 
picture hitherto unequalled for clarity and com- 





iain " Usefully siateneaines them were other 
groups of papers dealing with Empire co-operation 
and international relations in science ; information 
services as means of disseminating scientific and 
technical knowledge among professional scientists, 
industrial technicians and the general public; the 
collection, preservation and interchange of scientific 
records and experimental material; and the im- 
provement of facilities for the interchange of 
scientists themselves. Of the more specific subjects 
under discussion, the most important was probably 
agriculture, in connection with which a good deal 
was said about the problems of nutrition, animal 
diseases, pestology, meteorology, and the utilisation 
and conservation of land. Medical science was 
treated from the standpoints of human life and 
work under tropical conditions, and of the control 
of infectious diseases. The modern use of radar 
as an adjunct to mapping by means of aerial photo- 
graphy proved an instructive subject, while surveys 
of the mineral and vegetable resources of the 
Empire suggested an enormous field for future 
applied science, to which the Royal Society’s report 
on the post-war needs of fundamental research was 
an excellent complement. 

The foregoing, necessarily very superficial, review 
of the scope of the Conference is, perhaps, adequate 


to convey the impression of an attempt to co- * 


ordinate scientific research in the Empire for the 
purpose of utilising its latent resources more fully 
and effectively than hitherto, for the common 
benefit of more of its people. This is a great 
objective with such tremendous possibilities as to 
warrant a sustained effort towards fulfilment to 


pecial| match the admirable initial achievements of the 


Conference itself. In this matter, a high responsi- 
bility rests on the standing committee appointed 
by the British Commonwealth Scientific Official 
Conference to further its recommendations and 
foster the associations so cordially started. Their 
task will be lightened by the goodwill and instructed 
co-operation of all who study this Royal Society 
Conference Report. 


Tables of the Bessel Functions of the First Kind of Orders 
Ten, Eleven and Twelve. Tables of the Bessel Func- 
tions of the First Kind of Orders Thirteen, Fourteen 
and Fifteen. By the Staff of the Computation 
Laboratory of Harvard University. Harvard Univer- 
sity Press, Cambridge 38, Massachusetts, U.S.A. 
[Price 10 dols. each vol.]; and Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 55s. net each vol.) 

Wir these two volumes (VII and VIII of the 

Annais of the Computation Laboratory of Harvard 

University) the contract between the Bureau of 

Ordnance and Harvard University for the tabulation 

of the Bessel Functions of the First Kind to 

Order 100 is carried as far as Order 15. The Auto- 

matic Sequence-Controlled Calculator, by means 

of which the computation of these tables has been 
carried out, was transferred to the new Computation 

Laboratory during the autumn of 1946, and these 

volumes are the first to be prepared in the new 

building. The control tapes for the machine were 
designed by Mr. Richard M. Bloch, while the 
operation of the machine was supervised by Mr. 

John A. Harr, under whose direction, also, the 

preparation of its typewritten sheets for publication 

was carried out. The method used for computing 
these tables is explained in the introduction to 

Vol. III of the Annals of the Computation Labora- 

tory, and instructions for interpolation within them 

are to be found in this and in the introduction to 

Vol. V of the Annals. The tabulation is carried to 

ten decimal places throughout and three functions 

appear on each page, values of Jy» (x), Jy, (x) and 

Jy (z) in Vol. VII and values of J,, (z), Jy, (~) and 

Ji5(z) in Vol. VIL. The tabulation starts at 

xz = 0-845 for Jy» (x), at x = 1-135 for J,, (x), at 

z= 1-470 for J,,(z), at «= 1-835 for J,; (2), 

at 2 = 2-235 for J,,(z) and at x = 2-660 for 

J15 (x). The interval of tabulation is 0-001 up to 

az = 25 and 0-01 from z = 25 to z = 99-99. 

The first six volumes of this monumental under- 
taking all bear the date 1947, a rate of publication 
that affords remarkable evidence of the efficiency 
of the Automatic Sequence-Controlled Calculator 
and of the staff entrusted with its operation. 
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COUNTERBALANCE TESTS 
OF AMERICAN HIGH-SPEED 
LOCOMOTIVES. 


(Concluded from page 411.) 


Tus fact that the vertical forces exerted upon the 
track by a locomotive travelling at high speed are 
partly contributed by the vertical component of the 
connecting-rod forces, by fluctuating amounts of 
sprung and unsprung load, and by various impacts 
not related to the counterbalancing, means that the 
magnitude of the forces due to the weights used for 
partly balancing the reciprocating parts, and hence 
those counterbalance weights themselves, must be 
soméwhat less than the rails could otherwise safely 
resist. Nevertheless, the rail stresses measured 
throughout the tests showed definite and consistent 
reductions of dynamic augment as the revolving 
masses partly balancing the reciprocating parts were 
reduced. For very small amounts of such un- 
balanced revolving mass, the dynamic augment was 
negligible, whereas a large proportion of reciprocat- 
ing compensation led, in some instances, to pro- 
nounced vertical oscillations of the coupled wheels 
and, more especially, of the driving wheels. 

Although the leading and trailing wheels of all 
three locomotives showed a definite general ten- 
dency to bear to the left, no consistent or marked 
relations were evident between the lateral forces 
on the track and the amount of reciprocating un- 
balance. Only in the case of the main driving 
wheels was there a well-defined relation of lateral 
force to crank angle ; and the lateral force in that 
case was closely related to the simultaneous values 
of the vertical components of the connecting-rod 
thrusts and to the couple produced by those com- 
ponents tending to rotate the main driving axle in 
a vertical transverse plane. On the whole, it was 
concluded that the lateral forces on the track, like 
the lateral accelerations of the locomotive, were no 
more than a minor consideration in deciding the 
optimum counterbalance of a locomotive. 

This leaves the rotating mass, partly balancing the 
reciprocating parts, as the primary factor to be con- 
sidered in relation to limiting rail stresses, and hence 
the major conclusion was drawn that overbalance 
up to 200 Ib. in any one coupled wheel would not 
produce an excessive dynamic augment. As the 
overbalance was decreased, the measured values of 
rail stress showed increased scatter, suggesting that 
the periodic disturbing force from the overbalance 
tended to break up random impacts not associated 
with the counterbalancing. The value of 200 lb. 
overbalance, mentioned above, was a maximum 
figure above which dynamic-augment effect on the 
track became undesirably high. The preferable 
recommended target value, accordingly, was set 
at 100 Ib. per wheel for all coupled wheels. This 
value produced a very small dynamic-augment 
effect on rail stress or track deformation, and there 
was no apparent advantage in reducing the over- 
balance below that amount. One further qualifica- 
tion arises from the two-cycle disturbing effect of the 
vertical component of connecting-rod thrust, which 
is additional to the overbalance effect varying once 
per revolution. By way of compensation, it was 
recommended that the overbalance in the main 
driving wheels should be 50 Ib. less than in the 
other coupled wheels. The latter share the remain- 
ing overbalance equally divided among them, the 
aggregate being such as to represent, preferably, 
100 lb. per wheel, and not more than 200 lb. per 
wheel. 

As regards the method of balancing, the tests 
showed that balancing for the out-of-plane or 
nosing effect of the reciprocating masses had so little 
effect on the lateral accelerations of the engine as 
to be not worth while. Indeed, it might be regarded 
as positively undesirable, since the vertical com- 
ponent of connecting-rod force has a two-cycles per 
revolution variation, and it is not possible to balance 
either it or its out-of-plane effect by means of 

masses upon the driving wheels. Consequently, 
balancing the out-of-plane effect of the reciprocating 
mass would be at the expense of the more important 
fore-and-aft balancing for a given limitation of 
overbalance. As a general principle, it was con- 


cluded that there was some advantage, from the 
standpoint of minimising rail stresses, of so balanc- 
ing as to keep the dynamic augments from each 
wheel on each side of the engine as far as possible 
in unison. 

Other refinements of balancing practice con- 
sidered necessary for high-speed operation include 
the determination of the rotating equivalent of the 
main connecting rods by the centre-of-percussion 
method. The dynamic component forces of the 
eccentric crank, acting parallel and normal to the 
main crank diameter, should be taken into account, 
as well as those of the eccentric-rod equivalent, 
acting at the small end of the eccentric crank. The 
revolving masses should be transferred into two 
equivalent out-of-balance revolving components, 
respectively along and perpendicular to the crank 
radius, in the counterweight plane of both main 
driving wheels. After sufficient counterweight has 
been provided in the left-hand and right-hand main 
driving wheels exactly to offset these components, 
the desired amount of compensation for reciprocating 
masses is to be added to each wheel. 

While the conclusions enumerated above could be 
advanced with a good deal of confidence, it was 
realised that, strictly, they were inferred only 
from the three locomotives actually tested, and that 
some confirmation of the major findings was 
necessary from locomotives with other wheel 
arrangements, of the same order of power, before the 
conclusions could be applied generally with con- 
fidence. While, therefore, the track apparatus and 
strain-measuring equipment were still installed, the 
first opportunity of some relief in the war-time 
motive-power position was taken to conduct supple- 
mentary tests upon a number of further locomotives, 
to determine vertical and lateral forces on the track. 
The main objective was to test two or more loco- 
motives of the same class of power with differing 
counterbalance arrangements, so as to study the 
effects of balancing on the track structure. Along 
these restricted lines, a total of 12 further loco- 
motives were tested, eleven of them lent by the 
Atchison, Topeka and Santa Fe Railway Company, 
and one by the Chicago and North Western Railway. 
They comprised four 4-8-4 engines, two 2-8-4 engines, 
three 2-8-2 engines, and three 2-10-2 engines. All 
had two outside cylinders, with the leading crank 
on the right-hand side. Various relevant particu- 
lars of these locomotives are collected, for ease 
of reference, in Table IX, on page 438, where it will 
be noted that A.T. and S.F. locomotive No. 3182 was 
tested with two arrangements of counterbalancing, 
one providing 127 lb. overbalance in each coupled 
wheel, the other 165 lb. per wheel. From the 
considerable range of balancing and wheel arrange- 
ments covered by the 12 locomotives, it was con- 
sidered that the test results would prove of consider- 


‘able interest to those concerned with the mainten- 


ance of tracks and bridges, as well as of locomotives. 

As regards the method of testing adopted, the 
procedure was essentially the same as that already 
described for the determination of rail stresses. 
No measurements were made, however, on the 
engine except those of speed for the guidance of the 
driver and the appraisement of riding qualities by 
observers in the cab. All the locomotives were run 
at 5 miles an hour over the test sections of track to 
provide a comparison between measured and 
calculated static rail stresses. The 4-8-4 engines 
were also tested at diameter and maximum speeds. 
The others, being primarily freight locomotives, 
were each tested at the highest speed permissible 
on its assigned district, as well as at its maximum 
attainable speed and, in some instances, at an inter- 
mediate speed. A few drifting runs were made at 
or below diameter speed, and some of the loco- 
motives were “ drifted” at maximum speed. 

Of the four 4-8-4 engines, two were tested as 
originally balanced, the principal difference between 
them being that No. 3776 had light-weight alloy- 
steel connecting rods, while No. 3785 had Timken 
roller-bearing * light-weight alloy-steel connecting 
rods with double intermediate coupling rods.* The 
unb@lance components in the coupled wheels of 
locomotive No. 3766 were somewhat greater than 





* For a more detailed description of these locomotives, 





see Railway Mechanical Engineer, vol. 116, page 367 
(1942). 


those of the other 4-8-4 engines, and, in all except 
the left-hand intermediate coupled wheel, exceeded 
the proposed 200-Ib. limit. Even with a mean 
reciprocating mass of 2,707 lb., however, locomotive 
3766 could be balanced within the proposed limits ; 
and, by placing 150 Ib. overbalance in the drivers 
and 200 lb. in the other coupled wheels, the recipro- 
cating unbalance would amount to 7-9 Ib. per ton 
of engine weight. In the condition as tested, this 
locomotive revealed a pronounced counterbalance 
effect on vertical rail stress. The three other 4-8-4 
engines produced no undesirably large counter- 
balance effects; but No. 3012 revealed for both 
intermediate wheels a cyclic pattern considerably 
at variance with the calculated values, although 
the resulting rail stresses were not unduly high, 
the maximum range at high speeds being from 
about 5,000 lb. up to 25,000 Ib. per square inch 
tensile. Possibly associated with this effect, though 
occurring at a different crank angle, was a moder- 
ately hard lateral blow to the left. The front 
wheels of the trailing truck showed a persistent 
tendency to bear to the right of the locemotive, 
while the rear trailing-truck wheels bore to the left. 
This diagonal tracking of the trailing truck was 
attributed to misalignment of the truck, but no 
satisfactory explanation could be found for the 
behaviour of the intermediate coupled wheels of 
engine No. 3012, which had not been observed with 
any of the extensive tests on the first three loco- 
motives. Of the four 4-8-4 engines, No. 3012 
produced the smallest amplitude of lateral force 
on the rails, while No. 3766, which had the heaviest 
reciprocating weight of the four, gave the largest 
amplitude. It should be noted, however, that the 
maximum lateral forces exerted on the track by any 
of the 4-8-4 engines were lower than those recorded 
under the first three engines. 

The consensus of cab observations on the 4-8-4 
engines, at speeds up to over 90 m.p.h., revealed that 
No. 3776 had exceptional riding qualities at all 
speeds and was the best of the four at high speed. 
Engine 3785 was practically as good, though not in 
quite so good mechanical condition; and, on the 
whole, these two locomotives of the same class were 
adjudged to have better riding qualities than any 
of the other ten engines tested. No. 3766 was not 
in as good mechanical condition as 3776 and 3785 ; 
and, while No. 3012 was in excellent condition, it 
had not been sufficiently run-in to travel at high 
speed. It rode smoothly up to 85 m.p.h., but at 
higher speeds some minor vibrations were noticeable 
in the cab. 

The two Berkshire-type 2-8-4 locomotives were 
from a class that was considered the most difficult 
motive power on the Atchison Topeka and Santa Fe 
system to maintain, and it was believed that a test 
of one of them with the original balancing, and of 
another after being rebalanced, would possibly 
develop some condition affecting their performance. . 
Engine 4101, with the original balancing, had heavy 
revolving and reciprocating parts, and friction bear- 
ings. Engine No. 4109, after being rebalanced, was 
equipped with reduced-weight pistons and cross- 
heads, chrome-nickel-molybdenum alloy-steel coup- 
ling and connecting rods, and roller bearings on 
the main drivers. Thus the mean reciprocating 
weight was reduced from 2,438 Ib. to 2,022 Ib. The 
records of vertical rail stress showed a marked 
reduction in the counterbalance effect for engine 
No. 4109, and the effect of the connecting-rod thrust 
was pronounced for the left-hand main driving wheel. 
A corresponding reduction of lateral force under the 
drivers of No. 4109 was also recorded. Otherwise, 
the lateral forces of the two 2-8-4 locomotives were 
of moderate magnitude and exhibited no exceptional 
features. 

Although engine No. 4101, with original balancing, 
was in good mechanical condition, its riding qualities 
were only fair at speeds below 35 miles per hour, and 
at 40 miles per hour longitudinal and vertical 
vibrations were noticeable in the cab; while, at 
70 miles per hour, these vibrations had become so 
severe as to shake the lagging from under the cloth- 
ing and to loosen small brackets and bolts. At high 
speeds, vertical oscillations of appreciable amplitude 
could be easily seen by observers alongside the 





track. It was definitely the worst riding of any of 
the freight engines with 63-in. driving wheels and, 
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COUNTERBALANCE TESTS OF HIGH-SPEED LOCOMOTIVES. 
_ TABLE IX.—TESTS OF ENGINES WITH DIFFERENT WHEEL ARRANGEMENTS. 














Wheel arrangement 4-8-4 4-8-4 4-8-4 
we .. | AT. & SF.) AT. &8.F.| AT. & SF, 
aeeeire BA. ai oa = -_ on 
Building “a a 9 
truck wheels; 
in, as ai 42 42 37 
Counled wheels ; dia., in. 80 80 80 
truck w : 
. ah ie 50 50 40 
Tender wheels; number 
ee 16 x 42in. | 16 x 42in./ 12 «x 87 in 
wheelbase 21 ft. Zin. | 21 ft, 3 in. | 21 ft. 3 in, 
ine wheelbase 50 ft. Oin. | 50 ft. Oin. | 48 ft. 10 in. 
Tender wheelbase 45 ft. 4in, | 45 ft. 4in. | 34 ft. 10 in. 
Overalllength .. 121 ft. 7 in. | 121 ft. 7 in, | 112 ft, 1 in. 
Maxim ht 16 ft. O in, | 16 ft. 0 in. | 16 ft. 0 in. 
Weight on coupled wheels 
(Ib.) a8 281,900 281,900 286,890 
Engine weight (Ib.) 494,630 494,630 499,600 
Tender weight (Ib.) 466,000 466,000 396,246 
Total weight (Ib.) 960,630 960,630 895,846 
Tractive effort (Ib.) 66,000 66,000 66,000 
Cylinders : e 
stroke, in. ati 28 x 32 28 x 32 28 x $2 
Boiler pressure (Ib. per 
im.) .. we 300 300 300 
" am oil oll 
Mean recip’g. weight (Ib.) 1,850 1,784 2,707 
Ditto (Ib. per 2,000 Ib. of 
——_ _ 7-48 7-22 10-97 
"g. co jon, 
per cent. we 37-0 85-5 37-8 
Mean neers. unbalance 
Tb, perside) .. acs 1,166 1,151 1,685 
pie Tb. p side 4 ig 
2,000 e 4-71 4-66 6-83 

















4-8-4 2-8-4 2-8-4 2-8-2 2-8-2 2-8-2 2-8-2 2-10-2 2-10-2 2-10-2 
C.&N.W. | AT. &8.F.| AT. & 8.F.| AT. &8.F.| AT. & 8.F. AT. & S.F. | AT. & SF.) ALT. & 3.F.| AT. &8.F. | AT. & SY, 
3012 4101 4109 3180 3182 3182* 3172 3826 3823 3812 
1929 1927 1927 1919 1919 1919 1919 1919 1919 1919 
36 31 31 31 31 31 31 30 30 30 
68 63 63 63 63 63 63 63 63 63 
50 40 40 41 41 41 41 40 40 40 
12 x 36in. | 12 x 33in.| 12 x 33in.| 12 x 33 in.| 12 x 38 in.| 12 x 33in.| 12 x 33in. | 12 x 33 in. | 12 x 33in.| 12 x 88in 
20 ft. 6in. | 16 ft.6in. | 16 ft. 6in,) 16ft.6in.) 16ft.6in.| 16ft.6in.| 16ft.6in.| 22ft.Oin.) 22ft.Oim) 22 ft. 0 in, 
48 ft.7in. | 37ft.2in. | 37 ft.2im. | 35 ft. Lin. | 35 ft, Lin. | 35 ft. Lin. | 35 ft. Lin. | 41 ft. 71m. | 41 ft, 7 in. | 41 ft, 7 in 
30 ft. 9in. | 38 ft. Sin. | 38 ft. Sim. | 31 ft. 4im. | 31 ft, 4in, | 31 ft. 4in. | 31 ft. 4in. | 37 ft. Oin. | 37 ft. Oin. | 37 ft. 0 In. 
103 ft. 4in. | 92 ft, 5in. | 92 ft.5in. | 89 ft.9in. | S9ft. din. | 89ft. din. | 80 ft. 9 im. |103 ft, 11 in. | 103 ft. 11 in.) 103 ft. 11 in. 
16 ft. Oim. | 15 ft. Sin. | 15 ft. Sin. | 15 ft. 7im. | 15 ft. 7in. | 15 ft. 71m. | 16 ft.7in. | 15 ft. 8in. | 15 ft. 8in. | 15 ft. 8 in 
288,000 268,100 268,100 258,800 258,800 258,800 258,800 $22,200 322,200 322,200 
498,000 388,050 388,050 $40,800 340,800 340,800 340,800 414,700 414,700 414,700 
320,000 283,000 283,000 298,600 298,600 600 298,600 375,700 375,700 $75,700 
818,000 671,050 671,050 639,400 639,400 639,400 639,400 790;400 790,400 400 

71,800 69,200 69,200 63,000 63,000 63,000 63, 81,600 81,600 81,600 
27 x 32 27 x 32 27 x 32 27 x 32 27 x 32 27 x 32 27 x 32 30 x 32 30 x 32 30 x 32 
275 275 275 200 200 200 200 210 210 210 
Oil Coal Coal oul oil oll Oil Coal Coal Coal 
2,330 2,438 2,022 2,020 1,692 1,692 2,013 2,521 2,180 2,525 
9-38 12-63 10-33 11-72 9-87 9-87 11-64 11-95 10-26 12-29 
24-6 8-5 42-5 44°5 35-9 44-9 36-8 38-0 48-6 30-7 
1,756 2,231 1,164 1,122 1,085 933 1,273 1,562 1,121 1,751 
7-07 11-56 5-95 6-51 6-33 5-44 7-36 7-40 5-28 8-52 




















* Same engine (No. 3182) as in previous column, but with reciprocating compensation increased from 


in consequence, no test runs were made at speeds 
above 70 miles per hour. As compared with a 
mean reciprocating unbalance per side of 11-56 Ib. 
per ton of engine weight for No. 4101, the re- 
balanced 2-8-4 No. 4109 had only 5-95 Ib. per ton; 
and, since the latter was in first-class condition, its 
riding qualities up to 75 miles per hour were mark- 
edly superior to those of No. 4109. At higher 
speeds, longitudinal and vertical vibrations were 
noticeable ; and, at 85 miles per hour, some bearing 
metal was pounded off the right-hand crosshead, 
while the highest rail stress, measured under the 
left-hand main driving wheel, amounted to 32,000 Ib. 

The tests upon Mikado-type 2-8-2 locomotives 
covered three machines, Nos. 3172, 3180 and 3182, 
of which the last was tested under two conditions of 
balancing, represented, respectively, by 127 Ib. and 
165 lb. of reciprocating compensation per coupled 
wheel. The corresponding values of reciprocating 
unbalance amounted to 6-33 Ib. and 5-44 Ib. per 
side per short ton of engine weight. It will be 
noted, from Table IX, that the range of variation of 
reciprocating balance was not large for the group 
of four test conditions, and attention was more 
particularly directed to determining the influence 
of variations in the lateral constraint exerted by the 
trailing trucks upon the riding behaviour. The 
general conclusion drawn from eight combinations of 
truck restraint, at speeds of 50 to 55 miles per hour, 
was that lateral forces were noticeably reduced when 
the spring centring of the trailing truck was dis- 
connected, but that variation in the lateral play of 
the truck had very little influence on forces trans- 
mitted to the track. Locomotive No. 3180 was in 
no more than fair mechanical condition, and it sub- 
jected the track to more serious lateral forces than 
the others, regardless of truck restraint. Engine 
No. 3182, in its second test condition, with the 
greater amount of reciprocating compensation, was 
considerably more favourable as regards lateral 
track forces than in its first condition. In respect 
of vertical forces, the converse held good, but the 
counterbalance effects were moderate in both cases. 
The other two engines showed pronounced effects 
of counterbalance, and perceptible indications of 
connecting-rod thrust on the vertical stresses mea- 
sured under the main driving wheels. In general, 
it was agreed that the riding qualities of these loco- 
motives were not materially affected over the range 
of reciprocating unbalance from 5-44 to 7-36 lb. 
per side per ton, and that lateral restraint of the 
trailing truck and: mechanical condition of the 
engine were more influential factors. 

The last group of engines to be tested consisted of 
three Santa Fe 2-10-2 machines, of which No. 3826 
was very much out of balance in its main driving 


augments. Locomotive No. 3823 had a reciprocat- 
ing unbalance per side equivalent to 5-28 lb. per 
ton of engine weight, and thus afforded a contrast 
with No. 3812, for which the figure was 8-52 lb. ; 
which, it will be recalled, was in excess of the recom- 
mended value of 8 lb. perton. From the standpoint 
of vertical rail stresses, No. 3826 showed a pro- 
nounced counterbalance effect for both leading 
coupled wheels and still higher stresses under the 
main driving wheels, which were the central coupled 
wheels of the five pairs. The left main driver in 
particular, with 682 lb. of resultant unbalance, was 
very near to kinking the rail, and produced rail 
stresses ranging up to 50,000 lb. per square inch 
tensile. Comparison of the measured stresses under 
engine 3826, having original balancing, with those 
under the other two engines, revealed a marked 
improvement due to re-balancing. No. 3826 had 
fair riding qualities at moderate speeds but at 50 
to 60 miles per hour a good deal of vertical and lateral 
vibration was noticeable in the cab. Engine No. 
3823 also behaved well up to 50 miles per hour, but 
was subject to considerable rolling and nosing at 
70 miles per hour. The riding qualities of No. 3812 
were poor at high speeds in the region of 65 miles per 
hour. It showed no significant difference in roll 
with % in. or # in. lateral clearance in the trailing 
truck, and only a slight difference in roll whether 
the trailer centring device was connected or dis- 
connected. Vibrations due to mechanical defects 
overshadowed the effects from varying lateral 
restraint of the trucks. 

The general conclusions from the tests on adjust- 
ments of the trailing trucks in the different engines, 
throughout the supplemental tests, was that lateral 
forces on the track were largely influenced by the 
trailing truck, and could be restricted within 
tolerable limits by the use of trucks of appropriate 
type and correct design. The supplemental tests 
served, as a whole, to emphasise the importance of 
counterbalancing locomotives in such a manner 
as to keep the vertical wheel forces within limits that 
will avoid overstressing the rail and ultimately 
contributing to damage or failure of the track. 
In addition, the counterbalancing should not permit 
the disturbing forces on the engine to reach such 
magnitudes as to be detrimental to its operation and 
maintenance. The results obtained from the 12 
locomotives in the supplementary investigation 
were considered to confirm the adequacy of the 
balancing limits recommended as the major outcome 
of the first comprehensive tests on three loco- 
motives. These may be re-stated as follows? to 
protect the track, 150 lb. overbalance in the main 
driving wheels and 200 Ib. in the other coupled wheels 
should be the upper limits. In combination with 





wheels, which had correspondingly large dynamic 


these conditions, the engine should be so counter- 


127 Ib. to 165 Ib. per coupled wheel. 


balanced that the reciprocating weight left un- 
balanced on either side should not exceed 8 Ib. per 
ton (that is, 0-4 per cent.) of engine weight in 
working order. All these are upper limits, and the 
optimum counterbalancing arrangement is one that 
will fall well below them and thereby reduce still 
further the disturbing forces upon the locomotive 
and upon the track. 

It is of interest to remark briefly on one or two 
inferences from these recommended limitations. 
The first, and the most important, is that the reci- 
procating parts on a particular locomotive may be 
so heavy that it is not possible to comply with the 
recommendations. For example, when reciprocat- 
ing parts are balanced to the extent that the 
maximum permissible addition is made to each 
coupled wheel, there may still remain so much 
unbalanced reciprocating mass as to exceed the 
permissible 0-4 per cent. of engine weight per side. 
Evidently, some advantage is to be gained from a 
larger, as contrasted with a smaller, number of 
coupled wheels so long as the reciprocating mass 
does not increase in simple proportion to the 
number of coupled wheels. This conclusion depends 
on the inference, which can fairly be drawn from 
the A.A.R. tests, that the criterion of rail damage is 
the amount of overbalance in a single wheel rather 
than the aggregate overbalance in all the wheels 
on either side of the engine. By far the more 
important factor, however, is the total mass of the 
reciprocating parts, which it is advantageous to have 
as small as can be practically achieved. If, for 
example, the total reciprocating maes amounts to less 
than 0-4 per cent. of the weight of the engine in 
working order, then the locomotive will presumably 
ride satisfactorily with no reciprocating compen- 
sation whatever and hence, if balanced for rotating 
masses, with no dynamic augment in any wheel 
and, consequently, no liability to cause damage to 
rails and track. 

The practical problem of balancing a reciprocating 
locomotive so as to comply with the recommenda- 
tions evolved from the results of the tests on these 
15 locomotives is not without points of difficulty. 
At the same time, the recommended methods of 
balancing computation represent an advance on 
the practices hitherto followed by some American 
railroads. Accordingly, the Association of American 
Railroads has set the seal on its extensive research 
by publishing a compact manual* of counterbalance, 
based on the work covered by, and associated with, 
the tests. The manual deals first with the general 
principles of balancing rotating and reciprocating 
parts, and then enumerates a number of recom- 





* “ A.A.R. Manual of Counterbalance for Reciprocat- 
ing Steam Locomotives,” July, 1945. 
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mended practices, among whivh the cross-balancing 
of the main driving wheels, and the determination 
of the revolving weight of the connecting rods by 
the pendulum or centre-of-percussion method, are 
noteworthy. Methods of calculation are briefly set 
out for the connecting and coupling rods, the 
crankpin and its hub, and the eccentric crank, in 
which connection formule are given by which 
the weights of coupling rods for three, four and five 
coupled wheels may be computed with sufficient 
accuracy from the dimensions of the links of the 
rods. The application of these recommendations 
and principles to the case of a 4-8-4 engine is illus- 
trated by a fully-worked numerical example. A 
short treatise on optional wheel designs is particu- 
larly concerned with surmounting the difficulty of 
placing different counterweights in each of the main 
driving wheels without using a different design 
of wheel on each end of the axle. The preferable 
method, it may be remarked, comprises a main 
counterweight opposite the crankpin, an auxiliary 
counterweight at 90 deg. from the pin, and an 
adjusting block approximately opposite to the 
auxiliary weight. The main and auxiliary weights 
both take the form of pockets with easily variable 
lead fillings, and it is considered that the final 
adjustments can be simply effected during thé works 
balancing operation. Workshop methods for bal- 
ancing are Outlined in adequate detail for various 
conditions of the driving wheels, and the manual 
concludes with an account of two optional arrange- 
ments of balancing to meet the recommended 
limitations, one of which may be found useful for 
re-balancing existing locomotives, while the other 
may be thought desirable in balancing locomotives 
where the out-of-plane effect in the intermediate 
wheels is so high as to make the cross-balancing of 
intermediate wheels worth while. 





APPLICABLE MATHEMATICS FROM 
THE TEACHER’S POINT OF VIEW.* 


By D. N. pe G. ALLEN. 


I nave been asked to make this contribution to the 
discussion as representing the point-of-view of a 
mathematical teacher instructing post- and under- 
graduate students of engineering. It would be well to 
enumerate firstly the principal obstacles which the 
engineer has to overcome in solving his problems. 
It is, to begin with, formulated in engineering terms 
and it would be presumptuous of me to say anything 
more than that; then it has to be translated into 
mathematical terms; secondly, the mathematical 
problem has to be set up; thirdly, the mathematical 
solution must be found; and fourthly, that solution 
must be translated back into an engineering solution. 
I propose to deal with these four steps separately. 

Firstly, then, the practical engineering facts require 
statement in mathematical symbols—an important 
point for the mathematical teacher of engineers. It is, 
of course, largely a matter of experience acquired 
through a sufficiency of exercise ; it is right to instil 
the principle that every known fact or piece of data 
be stated, that every unknown, or variable, be defined 
as an algebraic symbol, that the wanted quantiiies, or 
functions, be clearly recognised as such; it is proper 
at this stage also to note the presumed accuracy, or 
allowable tolerance, in the data of the problem; the 
relative magnitudes of quantities involved ; the wanted 
order of accuracy in the solution, and hence any 
necessary or possible assumptions that can be made. 
It should be verified that all quantities are dimension- 
ally correct and that a uniform system of units is 
being adhered to. In this respect, the inclusion of a 
certain amount of mechanics early in the engineer’s 
mathematics course is a desirable feature ; it affords 
an opportunity, where few others exist, of introducing 
mathematical ideas in a physical context, not just as 
purel y mathematical exercises. 

When we come to the second obstacle in the engi- 
neer’s path we realise that much of the early mathe- 
matical teaching must remain as simply mathematical 
groundwork. We cannot begin to solve the mathe- 
matical problem until it has been properly set up. 
We cannot learn either how to solve it or how to set 
it up without a real training in differential and integral 
calculus, a little complex-number theory, partial 
differentiation (not only for its intrinsic necessity, but 
also to give as much encouragement as possible to 
working in two and three variables and dimensions), 





* Contribution to a joint discussion on Applicable 
Mathematics, between Section G and Sub-section A* 
(Mathematics) of the British Association, at Brighton, 
on Tuesday, September 14, 1948. Abridged. 


ete. A thorough basic knowledge is required and 
practice is essential] in the simpler techniques involved 
in these subjects. So many of the problems encoun- 
tered reduce eventually to the solution (functional or 
approximate numerica]) of a differential equation ; and 
the deviation of these equations from the initial mathe- 
matical or engineering data, at least, should be readily 
understood. This requires considerable facility, born 
of constant practice, of manipulation in algebra and 
differentiation. The engineer must learn to recognise 
when the mathematical problem is properly put (that 
is, completely set) before he even attempts a solution ; 
he must be able to realise at once when a condition is 
missing and he must acquire some discernment, 
through experience, of which of his variables he should 
eliminate and which he should choose as his basic 
unknowns. It is, in my opinion, far more important 
that the engineer should be able to formulate his own 
mathematical problem than that he should be able to 
solve it; he can, in the end, always employ a mathe- 
matician to perform the mathematical solution, but 
he should himself take the esponsibility of ensuring 
that it is the right mathematical problem that is being 
solved. He should understand thoroughly what it is 
he is asking the mathematician to undertake. If, to 
obtain a unique solution, certain extra conditions are 
needed by way of assumptions, it is for the engineer 
to make those assumptions in’ ‘he light of the engi- 
neering knowledge he ; and this he can only 
do if he is well versed and practised in the basic tech- 
niques of algebra and calculus. 

My theme so far in respect of the formulation of the 
mathematical problem has been that there is not much 
freedom in choosing a mathematics syllabus. When 
we now come, however, to the third stage—of perform- 
ing the mathematical solutions—we at once find a 
wide variety of methods and techniques available ; 
some are of fairly general application, some only of 
restricted use. Only a few are suitable for and appre- 
ciated by the undergraduate engineering student. We 
must remember that by now he is wanting to use his 
basic mathematics to get results; he has neither the 
time nor the inclination to study much new advanced 
pure mathematics which may or may not be of use in 
solving the problems he is likely to encounter. His 
course should endeavour to avoid advanced methods 
of solution, special functions of analysis, etc., and to 
concentrate on the simpler and more general applica- 
tions of methods of integration. Because it is usually 
a numerical result that the engineer requires, it is 
appropriate that I should emphasise the value of 
(approximate) numerical methods of solution. Much 
can be accomplished numerically in finding particular 
solutions of all kinds of differential equations ; the basic 
principles are few and are the more easily mastered 
because the individual steps involve only straight- 
forward arithmetic. 

To some extent I carry the preceding argument 
beyond the undergraduate stage and apply it also to 
the post-graduate and research type of work. My 
experience of teaching and directing research work 
using the numerical relaxation method has repeatedly 
shown that a sufficient answer can be found to most 
complicated problems in all branches of engineering 
by people whose mathematical knowledge does not 
extend beyond what I have suggested this morning ; 
many of these problems are formally insoluble by the 
orthodox approach ; quite apart from that a formal 
solution, even if it be obtainable, is no answer for the 
engineer ; he would still have to substitute and evaluate 
numerical quantities, sometimes involving more addi- 
tional work than the entire solution by straightforward 
numerical methods ab initio—and all the time working 
in the dark until the final result emerges. 

I do not intend to imply that some of the slightly 
more advanced methods of pure mathematics should be 
overlooked entirely. They should certainly be brought 
before the training engineer, if not in detail, so that he 
is aware of the sort of thing which mathematics can 
do for him. It is very valuable for him to know what 
mathematical problems are likely to be soluble by 
specialised methods, even if he cannot necessarily 
carry through the work himself. But all methods 
require practice to become useful tools and one of 
my points is that the limited time (and mathematical 
ability) available should be devoted to acquiring tech- 
niques of the most general application and to using 
and consolidating the basic mathematical principles 
by relying on methods which are substantially built 
on them. 





BRITISH EXPORT TRADE ADVERTISING CORPORATION. 
—In order to explain their endeavours to assist exporters, 
the British Export Trade Advertising Corporation, 
Limited, Premier House, Dover-street, London, W.1, 
have issued a brochure, in which is set out the origin 
and progress of the Corporation, since its incorporation 
on October 1,1945. A succinct account of its present 
activities with regard to market selection, foreign- 
exchange control requir ts and tr lation and 








other services, is also given. 





120-MW GENERATING STATION 
AT KINGSTON-ON-THAMES. 


THE new power Station at Kingston-on-Thames, 
Surrey, which, as recorded on page 424, ante, was 
opened by Their Majesties the King and Queen on 
Wednesday, October 27, is the first of the 25 generating 
plants in the British Electricity Authority's 1948-52 
constructional programme to be placed on load. It is 
situated on an eight-acre site on the east bank of the 
Thames and adjoins the existing station, which was 
opened in 1893 with an installed capacity of 225 kW. 
The consulting engineer for the original station was 
Mr. A. H. (now Sir Arthur) Preece, of Messrs. Preece, 
Cardew and Rider, 8,Queen Anne’s-gate, London, 8.W., 
and the same firm have been responsible for the design 
of the present station, which will have an ultimate 
installed capacity of 120 MW. At the moment, only 
the first section, consisting of two 30-MW_ turbo- 
alternators, and a 3,000-kW house set, with the 
necessary Steam-raising and ancillary plant, is in 
service. Fig. 1, on page 440, however, shows the pro- 
posed plan for the completed station, the buildings for 
which are nearly ready, while the plant is in course of 
construction. 

Preliminary work on clearing the site, which had been 
used for a Sewage works, was begun in 1944, the first 
orders for plant having been placed at the same time. 
During construction, much attention has been paid to 
the amenities. In particular, care has been taken to 

reserve the trees in the public gardens, which lie 

tween the station and the towpath ; to ensure that 
the station’s architecture enhances rather than detracts 
from the surroundings; and to provide means for 

reventing nuisance due to grit, dust and noise. The 

atter purpose, it is hoped, has been achieved by 
completely enclosing the coal- and ash-handling plant 
and by installing grit-arresting and smoke-abatement 
equipment of the most modern design. 

The subsoil on the site consists of ballast strata 
overlying blue clay, the normal standing water level 
being only a few feet below that of the ground. The 
area occupied by the main buildings and chimneys 
was, therefore, completely enclosed by interlocked 
steel sheet piling, which was driven to a depth of 
20 ft., and pumped dry, before excavation was begun. 
The foundations were then generally taken down 
into the ballast some few feet above the blue clay level, 
which is about 15 ft. below ground; although the con- 
crete for the deep level water culverts, circulating 

ump basement, and the turbo-alternator foundation 

locks was built into the blue clay. Reinforced- 
concrete piles were used for some of the heavy founda- 
tions in the area outside the cofferdam. 

As will be seen from Fig. 1, the main building is 
made up of a series of parallel bays running north and 
south in line with the river. At the extreme north 
end is a covered unloading bay and a four-storey 
block containing offices, stores, workshops and labora- 
tories ; while at the south end are the ash receiving 
and pumping house and a second unloading bay in a 
projecting low building. Beyond the main building 
is the coal-storage ground, which has a capacity of 
30,000 tons. This storage ground extends to the 
southern boundary of the site, opposite the coaling 
wharf, and is spanned by a travelling transporter 
bridge. The main 33-kV switchgear is accommodated 
in a Separate building adjoining the old switch-house, 
with the reactors and reactor tie-bar switchgear in the 
intervening Space. The main buildings are of reinforced 
concrete construction with multi-coloured — brick 
facing and stonework plinths and dressings. At each 
end of the middle section are low stone-built towers 
which, besides providing architectural variety, houte 
the motors for the boiler-houselifts. The east elevation 
consists of a windowless screen wall, which masks the 
electrostatic dust precipitators and gas ducts, and 
protects them from internal condensation. This 
Screen wall incorporates a semi-circular stone-faced 
archway 27 ft. high, which forms the main entrance 
and spans the access road to the north unloading bay 
The turbine-room operating floor, boiler-house firing. 
aisle, pre-heater house floor and intermediate access 
floor for the precipitator are all some 20 ft. above 
ground level, while the “‘ basements” are at ground 
level or only a few feet below. The circulating-pump 
basement alone is about 20 ft. below the general 
basement level and extends the full length of the 
station for a width of 20 ft. 

The two reinforced-concrete chimneys are placed 
symmetrically at each end of the main building block. 
They are 250 ft. high above ground level and have an 
internal diameter of 18 ft. at the top. The average 
thickness of the concrete shell, apart from the firebrick 
lining, is less than 9 in. In section, the shafts are 
sixteen-sided polygons and the taper is slightly curved 
to enhance the impression of stability. The cement 
used in making the concrete contained a special colour 
admixture to give a warm tone to the finished structure ; 
and the exterior surface was rubbed down to a clean 
finish, the upper portion being treated with transparent 
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silicate preservative. The consultants for the civil- 
engineering work were Messrs. Coode, Vaughan-Lee, 
Frank and Gwyther, 8, Victoria-street, London, S.W.1, 
while the main contractors were Messrs. Chas. Brand 
and Sons, Limited, 25, Charles II-street, London, 
S.W.1. The structural steelwork was constructed 
by Messrs. Redpath, Brown and Company, Limited, 
Albion-road, Edinburgh, 7, and the chimneys were 
erected by Messrs. Tileman and Company, Limited, 
203, Knightsbridge, London, S.W.7. 

Coal is delivered in special barges at a river wharf, 
where it is unloaded by an enclosed travelling grab 
crane with a capacity of 5}tons. After passing through 
an automatic weighing machine, it is discharged on to 
a system of travelling belt conveyors, which can deal 
with 150 to 200 tons per hour, and is transported either 
to the boiler-house bunkers, a distance of nearly } mile, 
or to the reserve coal store, the position of which is 
shown in Fig. 1. The six belt conveyors are separately 
driven and controlled; and are provided with safety 
and automatic sequence devices to prevent accident 
and spillage. Coal can be discharged at any selected 
point over the high-level bunkers in the boiler house by 
automatic travelling trippers. Distribution over the 
reserve store is effected by a travelling girder bridge 
with a s of 200 ft. This bridge is equipped with 
jib cranes and a transverse belt conveyor system, 
and is mounted on a 16-wheel carriage, composed of 
four 4-wheel bogies. It travels on a standard-gauge 
railway laid on each side wall of the store, and is 
capable of reclaiming or discharging 250 tons of coal per 
hour. The bottom of the storage ground is 9 ft. below 
ground level and is floored with concrete ; and the coal 
can be heaped by the bridge to a depth of 20 ft. The 
coal-handling plant was constructed by Messrs. Fraser 
and Chalmers Engineering Works, Erith, the telpher 
crane being manufactured by Messrs. Strachan and 
Henshaw, Limited, Whitehall, Bristol, 5, and the 
transporter jib cranes by Messrs. Stothert and Pitt, 
Limited, Bath. 

The steam-raising plant will eventually consist of 
six boilers, of which three are at present installed. 
Each boileris capable of supplying 260,000 Ib. of steam 
per hour at a pressure of 625 lb. per square inch and a 
temperature of 850 deg. F. at the superheater outlet. 
They were constructed by the Stirling Boiler Company, 
Limited, 32, Farringdon-street, London, E.C.4, and 
are of that firm’s tri-drum water-tube pattern, with 
horizontal self-draining superheaters. The furnaces 
are of the Bailey sateeenll tate with rear refractory 
arches. The boiler feed and steam drums, which were 
fabricated by Messrs. Thos. Firth and John Brown, 
Limited, Sheffield, are each 44 ft. long, the internal 
diameter being 4 ft. and the wall thickness 3} in. 
Firing is effected by chain grate stokers, manufactured 
by Messrs. Babcock and Wilcox, Limited, Farringdon- 


street, London, E.C.4, while the economisers were 
supplied by Messrs. Senior Economisers, Limited, 
11, Southampton-row, London, W.C.1, and the air 
heaters by Messrs. James Howden and Company, 
Limited, 195, Scotland-street, Glasgow, C.5. The 
heating surface of each boiler is 12,517 sq. ft., that of 
the superheater being 9,810 sq. ft., and that of the 
economiser 42,120 sq. ft. At the mean continuous 
rating, the specified heat liberation of the furnace is 
30,000 B.Th.U. per cubic foot, the maximum burning 
rate per square foot of grate area being 43-5 lb. The 
guaranteed net overall thermal efficiency, including the 
economisers, at the mean continuous rating is 81-24 per 
cent. when 10,000 B.Th.U. bituminous coalis being used. 

Each boiler is equipped with two forced-draught 
fans of the two-speed vane-controlled type, which 
are driven by 90-h.p. motors. Air is also supplied to 
the front and rear of the furnace itself by secondary 
fans. This air, like that supplied to the forced-draught 
fans, is heated to a high temperature in rotating pre- 
heaters. The gases are drawn through each boiler by 
a pair of induced-draught fans of the two-speed vane- 


All these fans, which were manufactured by Messrs. 
James Howden and Company, Limited, as well as 
their electrical control gear and transformers, are 
housed in a building on the east side of the station, 
as Shown in Fig. 1. 

As already mentioned, the equipment of the station 
includes electrostatic dust | ioe. goer a system of 
preventing the emission of dust and grit, which is 
unusual when stoker-fired boilers are employed. 
Two 50-kV precipitators, which were manufactured by 
Messrs. Lodge-Cottrell, Limited, George-street Parade, 
Birmingham, 3, are provided for each boiler, and are 
housed in concrete structures 60 ft. high in the position 
indicated on the plan. The dust thus deposited is 
collected in concrete hoppers and discha into the 
main ash-disposa] system. As an additional precaution, 
the induced-draught fans are fitted with scroll inlet 
chambers and secondary collectors, so as to eliminate 
the heavier particles of grit. The are also dis- 
charged into the chimneys tangentially through a steel- 
plate duct 10 ft. wide and 14 ft. high. This duct, 
which is 430 ft. long, is carried on roller’supports on 
the roof of the pre-heater house. The residual grit is 
thus deposited centrifugally in conical collecting hoppers 
in the basement. 

Each boiler can be controlled individually from an 
instrument panel, which is 9 ft. high and 17 ft. long; 
the general appearance of one of these panels is illus- 
trated in Fig. 2, opposite. Each of these panels 
consists of three main sections, that in the centre 
carrying the instruments, such as the draught and 
pressure gauges, temperature indicators, combustion 
and feed flow meters, gas analysers and smoke-density 
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and water-level indicators, which are essential for 
operation. All these instruments were made by Messrs. 
Electroflo Meters Company, Limited, Abbey-road, 
Park Royal, London, N.W.10, who, in collaboration 
with the consulting engineers, were also responsible 
for the design of the panels. The entire boiler plant 
can also be controlled by automatic equipment, which 
was manufactured by Messrs. James Gordon and 
Company, Limited, Dalston-gardens, Stanmore, Middle- 
sex. The controls necessary for this purpose are 
mounted on the wings of each panel and enable signals 
to be transmitted from a master regulator, which 
operates the pneumatic apparatus controlling the final 
steam temperature in accordance with the load condi- 
tions. In this way, adjustments are made to regulating 
valves on primary and secondary superheaters and 
attemperator vessels, while steam-jet blowers are 
operated automatically in correct sequence, so that 
soot and scale aré removed at predetermined intervals 
without normal operation being interrupted. 

Ash disposal from the boiler house is effected on the 
““Hydro-jet”” system, the necessary plant for this 
having been supplied by Messrs. Babcock and 
Wilcox, Limited. e water and quenched ashes 
are carried forward in an underground trough to 
a pump-house at the southern end of the boiler house 
and, after the heavy clinker has been ground down, 
are pumped thence into reinforced-concrete drainage 
bunkers near the coal wharf. Subsequently, the 
drained ashes are transported by a belt conveyor to 
the enclosed barge berth and are discharged into the 
empty coal barges, while the water gravitates back 
to the pump house for re-use. The whole of this 
plant, which, as already mentioned, also deals with 
the flue dust and grit, is electrically operated. 

The live steam from the boilers is transmitted to an 
interconnected system of receivers, four of which will 
ultimately be installed, and thence to the main and 
auxiliary turbines. These receivers are of similar 
construction to the boiler drums and are equipped 
with electrically-operated valves supplied by Messrs. 
Hopkinsons, Limited, Huddersfield, which are remotely 
controlled from the turbine-floor level. The main stop 
valves on the boilers are similarly controlled from the 
boiler instrument and receiver valve panels, previously 
mentioned. 

The main turbines with their directly-coupled alter- 
nators and exciters were manufactured by the British 
Thomson-Houston Company, Limited, Rugby, and 
are disposed ‘in line’ down the length of the turbine 
room, a8 will be clear from the plan reproduced in 
Fig. 1 and from the view of the turbine room given 
in Fig. 4, on page 444. The turbines are of the firm’s 
standard two-cylinder type and have a mean con- 
tinuous rating of 30 MW at a speed of 3,000 r.p.m., 
when supplied with steam at a pressure of 600 Ib. per 
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Square inch and a temperature of 825 deg. F. The 
vacuum at this rating is 28-8 in. with cooling water 
at an inlet temperature of 60 deg. F., and the guaranteed 
steam consumption is 9-15 1b. per kilowatt-hour. The 
turbines exhaust into twin condensers of welded-steel 
construction with cast-iron water heads. These con- 
densers, which can be seen in Fig. 5, on page 444, were 
manufactured by Messrs. Worthington-Simpson, 
Limited, Newark. They have a cooling surface of 
26,000 sq. ft. and are arranged for two-pass water flow. 
They are connected to the circulating-water pum 

and discharge culverts by 28-in. diameter pipes. The 
circulating pumps themselves, which were supplied by 
Messrs, Mirrlees Watson Company, Limited, Glasgow, 
are of the vertical-spindle double-impeller axial-flow 
type and are driven by 200 h.p., 3-3 kV three-phase 
motors. They are installed in a basement 40 ft. below 
the turbine-floor level, as shown in Fig. 1, and draw 
water from the river near the south end of the station 
building through an entrance waterway 20 yards long, 
which is provided with removable bar screens. The 
Water passes through a reinforced-concrete channel 
2") ft. deep and 7 ft. wide, which runs the full length of 





the station underneath the transformer bay. Fine- 
mesh rotating-band screens are installed across this 
channel at the north and south ends of the main build- 
ing, where the flowis controlled by asystem of manually- 
and electrically-operated penstocks. A special pen- 
stock is also provided so that the flow can be auto- 
matically reversed and the channels thus scoured of 
silt. After circulation through the condensers the 
water,is returned to the river at the north end of the 
station. 2 

The condensate is extracted from the condensers by 
two-stage vertical pumps, which are driven by 50-h.p. 
motors, and is then dealt with in a five-stage system 
of heaters and evaporators, which were supplied by 
Messrs. Worthington-Simpson, Limited. This system 
is supplied with steam extracted from the turbines at 
appropriate stages, two of the heaters being connected 
on the low-pressure and three on the high-pressure side 
of the feed pumps. The latter heaters, which are 
shown in Fig. 3, on this page, are fitted with automatic 
by-passing arrangements in case of tube failure. The 
feed-pump installation will eventually comprise seven 
450-h.p. units, five of which will be electrically driven 





and two steam driven. The electrically-driven pumps 
which will be used normally, are provided with a system 
of speed control, which is automatically regulated by 
the load. The steam pumps are arranged to come into 
operation etiensthetile , if the electric pumps fail. All 
the pumps were manufactured by Messrs. Mather and 
Platt, Limited, Manchester. The water flow to these 
pumps is balanced by supplies from overhead surge 
tanks in conjunction with automatic valves, thus ensur- 
ing that all the make-up water is de-aerated in the con- 
densers before entering the system. The necessary 
distilled make-up water is obtained from unit-type 
evaporators of Worthington-Simpson manufacture, 
which are supplied with low-pressure steam extracted 
from the turbine. In addition, a central stand-by 
evaporator plant, manufactured by Messrs. Aiton and 
Company, Limited, Derby, is installed opposite the 
control gallery in the turbine room and is supplied with 
high-pressure live steam. 

Each turbine is provided with main gear-driven and 
standby steam and electrically-driven lubricating-oil 
pumps, and with tubular coolers for cooling both the 
oil and ventilating air. The two main sets are also 
ta with a common instrument and control 

atd. This is a composite cubicle structure with 
inclined wings, which was manufactured by Messrs. 
Electroflo Meters, and carries about 100 gauges and 
instruments indicating the conditions on the turbine, 
alternator and condenser, as well as certain starting 
and operating controls. Turbine-shaft eccentricity 
recorders, illuminated telegraph instruction tablets 
and telephone equipment are also mounted on the 
central panel. The combined gauge panels and 
valve-control tables for the condensing plant are 
altanged separately. 

Three- current is generated by the main 
alternators at 11-5 kV and 50 cycles per second, 
with a power factor of 0-85, excitation being provided 
bydirectly-coupled mainandauxiliaryexciters. Cooling 
air for the alternators is also provided by self-contained 
fans. The alternators are solidly connected to trans- 
formers, which step-up the voltage to 33 kV, all the 
switching being effected at this pressure. These 
transformers, which were manufactured by the Hack- 
bridge and Hewittic Electric Company, Limited, 
Hersham, Walton-on-Thames, Surrey, have a capacity 
of 35,295 kVA, with an off-load tapping range of + 5 per 
cent. They are oil-cooled by separate tubular coolers 
with pump circulation and air-blast fans and are 
installed in cubicles on the west front of the station, 
as shown in Fig. 1. These transformers are connected 
to the switch houses on the east side of the site by lead- 
sheathed single-core cables which were manufactured 
by British Insulated Callender’s Cables, Limited, 103, 
Mount-street, London, W.1, and are installed in a 
subway 320 yards long, part of which is incorporated 
in the concrete foundations of the railway track carrying 
the east side of the travelling bridge over the coal store. 
This subway is provided with fan ventilation, auto- 
matic fire protection and suitable emergency exits. 

The 33-kV switchgear, which was manufactured by 
Messrs. Ferguson, Pailin, Limited, Higher Openshaw 
Manchester 11, is of the vertically-isolated oil-immersed 
type with a rupturing capacity of 500 MVA, and 
comprises units controlling the main and auxiliary 
transformers and the outgoing feeders. These units 
are divided into four sections with duplicate ’bus bars, 
*bus-bar section switches and couplers and fully- 
automatic protection, including "bus-bar protection. 
All the switches can be actuated locally by push 
buttons, but will normally be remotely operated from 
the main control room. The *bus bars incorporate 
four star-connected groups of reactors with a reactance 
of 10 per cent. per group on 30 MVA. These reactors 
were supplied by the British Thomson-Houston 
Company, Limited. 

The new main control room is an extension of the 
existing control room in the old station, and is used to 
control the main alternators and the outgoing feeders. 
It also contains the metering equipment and the 
Supervisory and recording apparatus associated with 
the grid. Local distribution will continue to be 
controlled from the old control room. The control 
board is of horse-shoe shape and, when completed, 
will be over 100 ft. long with 45 separate compartments 
containing the various indicating and recording instru- 
ments, meters, and protective relays. Above it is an 
illuminated system diagram with automaticsemaphores, 
indicating the positions of the various switches. 
Automatic voltage regulators of the quick-response 
type are also installed. The generating plant is 
controlled from a central desk. This is fitted with tele- 
graph signal transmitters and telephone communication 
to all parts of the station, and carries instruments 
associated with both the boilers and the turbines. 

The auxiliary power required in the station is derived 
partly from the 3,000-kW house set, which is supplied 
with steam from the main range and generates three- 
phase current at 3-3 kV and a frequency of 50 cycles per 
second. This set is arranged to exhaust to the atmo- 
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= and has a guaranteed steam consumption of 
10-68 Ib. per kilowatt-hour. In addition, supplies 
are obtainable from four 5,000-kVA, 33/3-3-kV 
transformers, which are connected to different sections 
of the 3-3-kV main auxiliary switchboard. The auxili- 
ary alternator can also be connected to any section of 
this board, which was manufactured by the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, and Contactor Switchgear, Limited, 
Blakenhall, Wolverhampton. The larger motors, such 
a8 those driving the circulating-water and feed pumps, 
are fed directly from this board, while the remainder, 
numbering 234, with individual capacities up to 450 h.p., 
are Supplied at 400 volts through 14 supplementary 
transformers and 16 supplementary switchboards, the 
more important of which are interconnected to ensure 
continuity of supply. All this switchgear is of the air- 
break type to reduce the fire risk. For the same reason, 
all the oil-insulated transformers are housed in open 
brickwork cubicles, which are isolated from the 
interior of the station, 

The main 3-3-kV switchgear is remotely controlled 
from an auxiliary control room situated above the 
turbine room and accessible from it by the double 
Staircase and gallery shown in Fig. 1. The control 
and diagram panels will eventually be 44 ft. long In 
front of these panels is a control desk for the auxiliary 
turbo-altemmator and for regulating the voltage of the 
auxiliary transformers. The principal recording instru- 
ments and master gauges for the main turbo-alternators 
and boiler plant are carried on inclined side wings in 
line with the control board, so that routine operating 
procedure can be effected from this point. 

The total cost of the station up to date is 3,371,0001., 
of which 1,127,0001. is accounted for by the boilers, 
758,5001. by the buildings, and 443,000/. by the generat- 
ing plant. The total cost per kilowatt installed is 
56-21., of which 33-81. is accounted for by mechanical 
plant, 12-61. by civil-engineering work, and 4-8l. by 
electrical equipment. On completion it is estimated 
that the station will have cost 5,850,5001., of which 
2,282,000/. will have been accounted for by the boilers, 
1,156,5007. by the buildings, and 881,001. by the 
generating plant. The total cost per kilowatt installed 
(120 MW) will be 48-71., of which 30-6l. will be 
accounted for by mechanical plant, 9-61. by civil- 
engineering work, and 4-6l. by electrical equipment. 





CONTRACTS. 


Messrs. The General Electric Company, Limited, Mag- 
net House, Kingsway, London, W.C.2, announce that the 
PIRELLI-GENERAL CABLE WORKS, LIMITED, Southamp- 
ton, have obtained contracts, from the Brisbane City 
Council, for all the cables for the transmission of energy 
from the Council’s new power station at Tennyson to the 
existing New Farm station and a ring main between the 
New Farm station and the northern suburbs of the city. 
The order includes upwards of 50,000 yards of 33-kV 
super-tension cable and over 40,000 yards of pilot cables. 


MEssrs. THE VISCO ENGINEERING COMPANY, LIMITED, 
Stafford-road, Croydon, have received an order from a 
firm in the cement industry for ten of their “ Visco- 
Beth ” automatic dust-recovery plants, complete with 
all ancillary equipment. These plants are designed to 
handle cement, gypsum, clinker, coal and other dusts, 
produced by grinding mills, crushers and the mechanical 
handling of granular material. 


MEssRs. JOHN BROWN AND COMPANY, LIMITED, 
Clydebank, have received a contract from the Railway 
Executive for the construction of a twin-screw geared- 
turbine steamer for the Harwich and Hook of Holland 
service, to replace the S.S. Prague, which became a total 
loss as the result of a fire while the vessel was undergoing 
repairs early this year. The new ship, which will be of 
proportions similar to those of the Arnhem, built by the 
same firm in 1947 for the Harwich service, will be fitted 
with oil-fired water-tube boilers. The maximum speed 
will be 224 knots. The keel will be laid at an early date 
and it is hoped that she will be in service by the summer 
of 1950. 





** MEMORIAL TO RICHARD TREVITHICK (1771-1833) ”: 
ERRATUM.—We regret that the date of Richard Trevi- 
thick’s birth was incorrectly stated on page 403, ante, 
in the line immediately below the illustration of the 
memorial. The correct date is April 13, 1771. 





RESTORATION OF FLOOD-DAMAGED Raliways. The 
East-Coast Anglo-Scottish main line between Berwick- 
on-Tweed and Dunbar, which was damaged by floods and 
landslides on August 12, was re-opened for freight traffic 
on Monday, October 25, and for passenger traffic a week 
later, on Monday, November 1. Seven temporary rail- 
way bridges have been built, flood debris has been cleared 
away, and land subsidences and slips have been made 
good. About 2,300 tons of steel piling, bridging trestles, 
ete., were required. Speed restrictions have been im- 
posed over certain bridges and sections of the track, but 
these are gradually being eased. 
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PERSONAL. 


Sm ROBERT Rosinson, F.R.S., President of the Royal 
Society, and Mr. W. L. TREGONING, industrial adviser 
to the Finance Corporation for Industry Limited, have 
both joined the board of Petrochemicals Limited. Sir 
Robert Robinson has also joined the board of Petrocarbon 
Limited, an associated company. 


Str Ropert Lercu, M.Inst.T., member of the Docks nd 
Inland Waterways Executive, has been elected a vice- 
president of the Institute of Transport, 80, Portland- 
place, London, W.1. 


Dr. D. T. A. TOWNEND, Director-General of the 
British Coal Utilisation Research Association, has |<en 
installed as President of the Institute of Fuel. 


Mr. H. E. SHEARDOWN, Chairman of Messrs. Charles D. 
Holmes and Company, Limited, Hull, was elected chair- 
man of the National Association of Marine Enginebuil icrs 
for 1948-49, at the Association’s annual general meeting, 
held in Edinburgh on October 28. Sir PHILIP JOHNSON, 
director of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne, was elected 
vice-chairman. 


Mr. C. W. Kina, formerly new works engineer, Watcr- 
loo (Southern Region), has been appointed assistant civil 
engineer, London Midland Region, British Railways. 
He fills the vacancy created by the recent appointment 





of Mr. James Brigas, M.I.C.E., to the position of civil 
engineer, London Midland Region. 


Smirk Eyre Gorpon, C.S.I., C.1.E., has been made 
chairman of the Northern Ireland Joint Electricity 
Committee. The other members of the committee are the 
chief electrical engineers of the Belfast Corporation and 
the Electricity Board for Northern Ireland. 


COLONEL C. F. Hrrcesins, D.S.O., M.I.Mech.E., 
M.I.N.A., has been appointed chairman of the Pearson 
and Knowles Coal and Iron Company, Limited, in 
succession to the late Smzk PETER RYLANDS, BT., who was 
chairman of the company for many years. 


CapTaln (E) F. A. Lister, R.N., has been nominated 
by the Lords Commissioners of the Admiralty to be their 
representative as an honorary member of Council of 
the Institute of Metals, 4, Grosvenor-gardens, London, 
S.W.1, in place of CapraIn (E) J. G. C. GIVEN, C.B.E., 
R.N. 

Dr. Bruce CHALMERS, Ph.D. (Lond.), D.Sc. (Lond.), 
F.Inst.P., F.I.M., has resigned his position as Head of 
the Metallurgy Division, Atomic Energy Research 
Establishment, Harwell, Berkshire, to take up the post 
of Prof of Physical Metallurgy, Department of 





Chandos House, Buckingham-gate, Westminster, 

London, 8S.W.1. [Price is. net.] 

Grosszahl-Forschung und Hédufigkeits-Analyse. Ein 
Leitfaden. By Dr.-INc. Karu Darves and Dr. Pum. 
Avueust BECKEL. Verlag Chemie G.m.b.H., Berg- 
strasse, Hauptstrasse 127, Weinheim (17a), Germany. 
[Price D.M. 3-20.] 

The Strength of Light Alloy Struts. By Proressor J. F. 
BAKER and Dr. J. W. RopEeRIcK. Research Report 
No. 3. The Aluminium Development . 
33, Grosvenor-street, London, W.1. [Price 2194 

Engineering Industries Association. The Finance Act, 
1948. [Price 3s. 6d.] Price Control. [Price 1s. 6d.] 
Offices of the Association, 9, Seymour-street, Portman- 
square, London, W.1. 

Commentaires des Régles d’Utilisation de l’ Acier Applic- 
ables aux Travaux Dépendant du Ministére de la 
Reconstruction et de V Urbanisme et aux Travaux Privés. 
Centre Scientifique et Technique du Batiment, 31, 
Avenue Pierre Premier de Serbie, Paris (X Vie); and 
Institut Technique du Batiment et des Travaux 
Publics, 28, Boulevard Raspail, Paris (VIIe). [Price 
300 francs.] 

Prevention of Iron and Steel Corrosion. Processes and 
Published Specifications. Compiled by C. DINSDALE. 
Published by The Louis Cassier Company, Limited. 
Distributed by Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London, S.E.1. [Price 5s. net.] 

Industrial Weighing. By Dovueitas M. CONSIDINE. 
Reinhold Publishing Corporation, 330, West 42nd- 
street, New York 18, U.S.A. [Price 10 dols.] Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 60s. net.] 

Sharpening Small Tools and Some Di Appli, 

By “ DupL@x.” Percival Marshall and Company, 
Limited, 23, Great Queen-street, Kingsway, London, 
W.C.2. [Price 3s. 6d. net.] 

Small A.C. Transformers. By A. H. AVERY. Revised 
edition. Percival Marshall and Company, Limited, 23, 
Great Queen-street, Kingsway, London, W.C.2. [Price 
3s. net.) 

Electrons, Atoms, Metals and Alloys. By Dr. WILLIAM 
HuME-ROTHERY. Published for Metal Industry by 
lliffe and Sons, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 25s. net.] 

Engineering Metallurgy. By W. E. Woopwarp. Con- 
stable and Company, Limited, 10, Orange-street, 


etd, 





rT 


Metallurgical Engineering, University of Toronto, Canada. 


Mr. W. MaxFIELD, Principal of the Industrial Capacity 
Exchange, 21, Clarendon-street, London, 8.W.1, is 
resigning, as from December 31, the secretaryship of the 
Sheet Metal Industries Association, in order to devote 
all his time to the Exchange. 


Mr. Bast R. Jackson has been elected a director of 
the Anglo-Iranian Oil Company, Limited. 


Mr. F. E. CHAPPELL, director, Production Efficiency 
Service, Board of Trade, has resigned this appointment 
as from November 1. 

Mr. A. E. McCormack, A.M.I.E.E., has joined the 
London branch staff of Messrs. Johnson and Phillips, 
Limited, Charlton, London, S.E.7, as a senior sales 
engineer. 

The staffs of the BririsH ELECTRICITY AUTHORITY, 
East MfDLanDs DIVISION, hitherto stationed at 53, Wake 
Green-road, Moseley, Birmingham, 13 ; at 1, Derby-road, 
Ilkeston; and at “The Hollies,’ The Brampton, 
Newcastle-under-Lyme, have now been transferred to 
the permanent divisional headquarters at Barker Gate, 
Nottingham. (Telephone : Nottingham 46151-2-3.) The 
accountancy department of the Division, however, 
remains at: c/o Mr. R. B. Blaker, 3, King-street, 
Nottingham. 


Messrs. SILENTBLOC LimireD and their subsidiary 
company, the ANDRE RUBBER COMPANY LIMITED, 
have recently opened northern headquarters at 11, Cloth 
Hall-street, Huddersfield, under the management of MR. 
H. CLEMENTS assisted by Mr. K. WALKER. (Telephone: 
Huddersfield 5491.) 


Messrs. BECK AND POLLITZER LIMITED, Universal 
House, Southwark Bridge, London, 8.E.1, are to open @ 
new export-packing works at Bailey-road, Trafford Park 
Trading Estate, Manchester, on November 10. The 
firm have also formed a South African branch under 
the style of BECK AND POoLLITZER (AFRICA) (PTY.), 
LIMITED, 3, Yorkshire House, First Floor, Cr. Marshall- 
and Rissik-streets, Johannesburg (Telegraphic Cable 
Address: Hookup Johannesburg). The local directors 
are Mr. A. W. JOEL and Mr. G. B. SEDDON. 

MESSRS. AVELING-BARFORD, LIMITED, Invicta Works, 
Grantham, in association with the AUSTIN-WESTERN 
CorPporaTIoNn, of Aurora, Illinois, U.S.A., have formed & 














London, W.C.2. [Price 15s. net.] 





new company, AVELING-AUSTIN LIMITED. 
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NOTES FROM THE NORTH. 

GLascow, Wednesday. 
Scottish Steel.—It is notable that at the time when the 
terms of the Steel Nationalisation Bill became known, 
Scottish steel output was running at a very high level 
and reports from the various West of Scotland manufac- 
turers suggest that the October output may be sufficiently 
in excess of recent levels to establish a new high record. 
Operations have been proceeding smoothly and the 
supply of raw materials has been plentiful. There is no 
lack of orders. Shipbuilders’ demands are unabated and 
far more material could be used than is authorised. 
There is an increased demand for export. Sweden wants 
considerable quantities for shipbuilding, as well as 
lighter materials, and finished products are wanted by 
Holland and France. Re-rollers have been receiving good 
deliveries of Belgian sheet bar and are engaged on the 
production of small bars and light sections, as well as 
light plates and sheets. Much of the re-rollers’ produc- 
tion, and the makers’, is sponsored by the Board of Trade 
and the free tonnage is, consequently, comparatively 
small, 


Scottish Coal.—Winter delivery programmes are now 
being prepared, and the prospects may be described as 
comparatively comfortable. Output, at 481,000 tons, 
is the best since last June. This is due to a seasonal 
spurt by the men prior to the New Year holidays, but it 
must be remembered that it has been delayed this year 
and that there is little possibility of ever achieving the 
500,000 tons target. On the other hand, the stocking 
position is good. Steelworks have three weeks’ stocks 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The need to conserve power has led 
to the reintroduction of staggered hours of working from 
the beginning of the present month. Although the 
scheme is not likely to prove as irksome as last winter’s, 
it causes inconvenience and retards production. The 
restrictions imposed upon the use of electricity have 
caused the consumption of gas to rise, with the conse- 
quence that, to avoid a breakdown of gas supplies to 
industrial consumers, a three-week rota system was 
brought into operation from the beginning of the month 
to restrict the use of gas in industry. Firms are classified 
in three blocks, and each block is asked to effect a saving 
in gas every third week. This concerns the larger firms, 
including 140 leading concerns. About 1,200 smaller 
firms are asked to make a weekly cut of 10 per cent. in 
gas consumption. The few steel-melting furnaces using 
fuel oil will be able to carry on as usual. Generally, 
however, the operation of restrictions on the use of 
electricity and gas will accentuate the shortage of many 
qualities of steel. There is still a shortage of orders for 
high-speed steels and some crucible steel-melting furnaces 
are out of action. All makers of steel products are well 
booked and are employed to the limit of supplies of steel. 
Progress has been made with schemes for extension and 
Te-equipment, and some modern factories have taken 
the place of out-of-date buildings. Most works have 
fairly good stocks of coal. 


South Yorkshire Coal Trade.—Outputs have increased 
still further. Extensive deliveries have been made to 





in hand and current deliveries can be considered adequate; 
gas and electricity works are in a similar position. 
Railways are carrying about two weeks supply and house- 
coal merchants are comfortably placed. The greatest 
scarcities are of large coal and washed smalis. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Welsh Coal Trade.—Good business has been 
conducted in Welsh steam coals throughout the past 
week. In both the overseas and home departments 
conditions have remained brisk, with demand well 
sustained for nearly all qualities. Large coals were 
heavily supported and very fully stemmed ahead, while 
the small and sized kinds were in strong demand and 
in extremely short supply for next month. The principal 
shipment activity was to the Argentine and Portugal. 
Another market in which there has been more business, 
however, was Brazil. For the first time since the war, 
orders have been accepted from users in this direction 
for fairly large quantities. The business was for coal 
and patent fuel. Other business which has not been 
done since before the war was with the Egyptian State 
Railways. These buyers, always regular users of Welsh 
coals in the past, called for tenders last September for 
the supply of 79,000 tons. Owing to the very short 
supply position local exporters were only able to offer 
40,000 tons, and a contract for this quantity has been 
awarded, Spanish trade has been busier, but deliveries 
to France were almost stopped. There were Plenty of 
cargoes to be lifted but owners would not send their ships 
> French ports because of the danger of delay due to 
strikes, 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that the good demand for tin-plates is well maintained 
and that, last week, the sales were satisfactory. Present 
production is at a high level, commensurate with the 
labour available but still lags behindgthe demand. The 
export market remains quiet, not on account of any 
weakness in the demand, but owing to the fact that 
makers have little to spare after meeting home require- 
ments. Steel sheets are sought after, and makers, who 
are heavily committed, are unable to take on more 
orders for some time. Iron and steel scrap is in request 
and suppliers are making a big effort to keep up 
deliveries, 





THE INSTITUTE OF TRANSPORT.—The Council of the 
Institute of Transport have made a number of awards 
in respect of papers submitted during the 1947-48 
session. These include British Transport Commission 
awards to Mr. Adin Hull, M.B.E., Mr. C. F. Klapper, 
Mr. H. G. M. Viney, and Mr. J. Coward; the Road 
Transport (Passenger) Medal to Mr. J. E. Cowderoy, 
M.B.E., the Sir Alfred Read Award to Mr. A. Watson, 
M.B.E.; the Institute 1944 award to Mr. R. E. G. 
Brown ; the Graduate Award to Mr. D. G. I. MacDonald ; 
the Student Award to Mr. F. Campbell; the “ Modern 
Transport ” Award to Mr. T. H. Smart; and the Bristol 
and White-Smith Air Transport Awards to Mr. J. F. 
Parke (Medal) and Mr. J. W. Swann (award of 101.). 
Associate-membership examination prizes have been 
awarded to Mr. A. McFarlin and Mr. E. H. Whittaker 
and graduateship ination prizes to Mr. A. Campbell 
and Mr. O. C. Cochrane. 











railway-l tive depot and industrial concerns. 
Export inquiry is brisk and allocations of coal to the 
Humber ports have been such that loading appliances 
have been operating at full pressure. The demand for 
gas coal is very strong and the consumption of gas is 
increasing. The make of gas coke is considerable and 
there are fairly good stocks. Bilast-furnace coke con- 
tinues to be keenly sought. Allocations of coking coal 
are maintained at a satisfactory level. House coal is 
more active except in the poor qualities offered ‘‘ off the 
ration.” Patent fuel is in strong request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The pressure for Tees-side iron and 
steel, both for home purposes and for shipment overseas, 
is much greater than producers can meet, though they 
are operating plants at extremely high pressure and 
achieving record makes. Fuel supplies are sufficient 
to meet consumer’s immediate requirements but larger 
deliveries would be welcome. More coke than is reaching 
the blast-furnaces is urgently needed to permit an 
expansion in pig-iron production by kindling additional 
stacks. Pig-iron makers cannot meet their customers’ 
urgent requirements and orders diverted to plants 
usually engaged in the production of other classes of 
material have increased the activity at the refined-iron 
makers’ works. Imports of foreign iron ore are main- 
tained at a very high level and substantial cargoes of 
iron and steel scrap continue to arrive from Germany. 
Interest in the Steel Natiovalisation Bill has not reduced 
the unprecedented activity in all branches of the North 
East Coast steel industry. 

Foundry and Basic Iron.—The output of foundry pig 
iron in the Middlesbrough district is still intermittent 
and there seems to be no likelihood of a resumption of 
the regular make. Deliveries are vastly below the 
demand, so that users are still obliged to draw supplies 
from producing areas at a distance. Nearly all the iron 
being used at North Yorkshire and South Durham 
foundries is from the Midlands and deliveries are some- 
times inadequate and irregular. The basic-iron output 
is conveyed directly to adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Users of 
East Coast hematite readily take up the limited quantities 
available, and the demand for larger parcels of low- and 
medium-phosphorus grades of iron continues. Refined- 
iron manufacturers have as much work on hand as they 
can deal with. 

Manufactured Iron and Steel.—Contracts in hand for 
the various descriptions of semi-finished and finished iron 
will keep producers very busily employed to the end of 
the year. All classes of steel are in continued heavy 
demand. Considerably better supplies of Continental 
steel semies have permitted a welcome expansion in 
operations at the re-rolling mills. The demand for 
maximum deliveries of finished steel is still intense. 
Home requirements are too heavy to permit the release 
of a much greater tonnage for shipment overseas, but a 
few more licences for the export of rolled steel have been 
granted. That production of steel continues to rise 
rapidly, is emphasised by the recent record output of 
Messrs. Dorman, Long and Company, Limited, who are 
turning out more than 10 per cent. of the total tonnage 
production of the country. 








NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, November 8, 5 p.m., Institute of 
Engineers, Park-place, Cardiff. “ Ripple Control on 
High-Voltage Networks,” by Messrs. T. W. Ross and 
R.M. A. Smith. Radio Section: Tuesday, November 9, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion 
on “Does Distortion Matter in the Transmission of 
Speech and Music,” opened by Mr. P. P. Eckersley. 
Supply Section: Wednesday, November 10, 5.30 p.m., 
Victoria-embankment, W.C.2. “‘ Lightning Protection 
of High-Voltage Transmission and Distribution Systems,” 
by Mr. H. M. Lacey. Scottish Centre: Wednesday, 
November 10, 7 p.m., Heriot-Watt College, Edinburgh. 
“‘War-Time Activities of the Engineering Division, 
British Broadcasting Corporation,” by Mr. H. Bishop. 
Utilization Section: Thursday, November 11, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Waterworks Power 
Plant Practice,” by Mr. T. P. Wakeford. 

JuNIoR INSTITUTION OF ENGINEERS.— North-Western 
Section: Monday, November 8, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“ Modern Die Casting.” by Mr. 
U. O. Khuner. Institution: Friday, November 12, 6.30 
P.m., 39, Victoria-street, S.W.1. “Control Systems, 
Especially Fluid-Operated Applications,” by Mr. B. T. 
Turner. 

INSTITUTION OF PRODUCTION ENGINEERS.—Halifaz 
Section: Monday, November 8, 7 p.m., Whiteley’s Café, 
Westgate, Huddersfield. Film: “ High Quality Steel.” 
Sheffield Section : Wednesday, November 10, 6.30 p.m., 
Royal Victoria Station Hotel, Sheffield. ‘‘ Electronics,” 
by Mr. S. A. Ghalib. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 9, 5.30 p.m., Great George-street, 8.W.1. Discussion 
on “ Specification for Concrete Work,” opened by Mr. 
G. P. Manning. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 9, 5.30 p.m., 85, Minories, E.C.3. ‘‘ Metal Spraying 
in Relation to Marine Engineering,” by Mr. J. B. Stiles.” 

CHEMICAL ENGINEERING GRouP.—Tuesday, Novem- 
ber 9, 5.30 p.m., Geological Society, Burlington House, 
W.1. “Heat Transfer,” by Mr. A. D. Davidson. 

ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
November 9, 6 p.m., 2, Savoy-hill, W.C.2. ‘“‘ High-Speed 
Photography,” by Dr. J. W. Mitchell. 

INSTITUTE OF TRANSPORT.— Yorkshire Section: Tues- 
day, November 9, 6.30 p.m., Great Northern Station 
Hotel, Leeds, ‘“‘ Costs of Road Passenger Transport,” by 
Mr. W. Luff. East Midland Section: Friday, November 
12, 6.30 p.m., School of Transport, Derby. “ Training 
the Transport Man,” by Brigadier L. Manton. 

IRON AND STEEL INsTITUTE.—Wednesday, November 
10, 10 a.m. and 2.30 p.m., and Thursday, November 11, 
10 a.m. and 2.30 p.m., 4, Grosvenor-gardens, 8.W.1. 
Autumn Meeting. For programme, see page 383, ante. 

ROYAL Society or ARTS.—Wednesday, November 10, 
2.30 p.m., John Adam-street, W.C.2. “Social and 
Economic Aspects of Industrial Design,” by Dr. R. S. 
Edwards. 

INSTITUTE OF PETROLEUM.—Wednesday, November 
10, 5.30 p.m., 26, Portland-place, W.1. “‘ Carbon Black 
in Hydrocarbon Solution,” by Messrs. F. H. Garner and 
A. R. W. Baddeley. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.— Wednesday, November 10, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. ‘“‘ Electro- 
static Filtration,” by Mr. F. Wright. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 11, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“ Aircraft-Strength Testing,” by Mr. P. B. Walker. 

Royal AERONAUTICAL SocteTy.—Thursday, Novem- 
ber 11, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “‘ French Aircraft Gas Turbines,” 
by Mr. A. Destival. 

INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Western Branch: Thursday, November 11, 6.45 p.m., 
Engineers’ Club, Manchester. ‘Mobile Locomotive- 
Testing Plant,” by Dr. H. I. Andrews. Yorkshire 
Branch: Thursday, November 11, 7 p.m., Hotel Metro- 
pole, Leeds. “Corrosion of Heating Surfaces in Boiler 
Plants,” by Messrs. J. R. Rylands and J. R. Jenkinson. 
Applied Mechanics Group: Friday, November 12, 6 p.m., 
Storey’s-gate, S.W.1. Discussion on ‘“‘ Compression 
Shock as in Turbine and Compressor Blade Passages,” 
opened by Mr. I. M. Davidson. AUTOMOBILE DIVISION : 
Tuesday, November 9, 6 p.m., Storey’s-gate, S.W.1. 
Discussion on “‘ Rubber as a Stress-Carrying Material,” 
opened by Mr. S. W. Marsh. 

NortTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 12, 6.15 p.m., Mining 





Institute, Newcastle-upon-Tyne. “A Gas-Turbine 
Vibration Laboratory,” by Mr. R. G. Voysey. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
= abroad, with the exception 
0! 


For Canada £4 5 0 
Subscribers receiving incomplete copies through 


newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
ings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an adyertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 


The Proprietors will not hold themselves ible 


for advertisers’ blocks left in their possession for more 
than two years 
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THE IRON AND STEEL BILL. 


Some 30 years ago, the then Bishop of St. David’s, 
apropos of the measure for the disestablishment of 
the Church in Wales, adjured his congregation to 
“Tell your friends gently, but tell them firmly, 
that you will have nothing to do with this mean 
little Bill.” Too many of them apparently took 
the admonition literally, for the Bill eventually 
became an Act; but the epithet which the Bishop 
applied to it must come naturally to the thoughts 
of any serious-minded student of British industry 
who contemplates the provisions of the Bill for the 
nationalisation of iron and steel production, which 
was presented to Parliament by the Minister of 
Supply (Mr. G. R. Strauss, M.P.) on Wednesday, 
October 27. Many and varied have been the adjec- 
tives used already to describe it, and, no doubt, 
many more will be pressed into service when the 
Bill is debated at length in both Houses, but. the 
Bishop’s studied moderation of terminology, in 
that other and very different connection, really 
brings out its most prominent and fundamental 
characteristics. It is, indeed, a mean Bill, which 
no broad and generous and statesmanlike mind 
possibly could have conceived ; and the more its 
provisions and implications are studied, the meaner 
does it appear. 

The preamble to the Bill describes its purposes 
as being “‘To provide for the establishment of an 
Iron and Steel Corporation of Great Britain and for 
defining their functions, and for the transfer to 
that Corporation of the securities of certain com- 
panies engaged in the working, getting and smelting 
of iron ore, the production of steel, and the shaping 
of steel by rolling, and of certain property and rights 
held by a Minister of the Crown or Government 
department ; for the licensing of persons engaged in 
any such activities ; for co-ordinating the activities 
of the Corporation, the National Coal Board and the 
Area Gas Boards relating to carbonisation ; and for 
purposes connected eith the matters aforesaid.” : 





An “ Explanatory and Financial Memorandum ” 








ducing undertakings in certain sections of the iron 
and steel industry.” The proposed Corporation 
would have power “to hold the securities of com- 
panies engaged extensively ” in the activities cited 
in the preamble or—this is a provision of out- 
standing importance, though its precise interpreta- 
tion remains to be defined—“ any other activities 


g| Which the companies, together with their wholly- 


owned subsidiaries (collectively referred to as 


9|‘ publicly owned companies’) are authorised by 


their memoranda of association or charter to 
carry on.” They may not extend these powers 
without the consent of the Minister, but they “‘ may 
acquire or set up companies for the purpose of their 
authorised activities.” This restriction is probably 
more apparent than real, for most companies have 


3|in their articles of association a covering clause, 


designed to safeguard the proprietors’ freedom of 
action, which authorises them to do practically 
anything that is not positively illegal, even though 
it may not be the subject of a specific reference. 
The activities named in the preamble are dealt 
with in rather more detail in the second of the 
eight schedules appended to the Bill, and, for this 


1} Teason, are generally referred to as “the Second 


Schedule activities ” ; and the explanatory memor- 
andum sums up the functions of the Corporation 
by stating that would be “the general duty of the 
Corporation . . 80 to exercise their powers as 
to secure that the products of the Second Schedule 
activities are available in such quantities, at such 
prices, and are of such types, qualities and sizes 
as the Corporation consider best in the public 
interest.” It will be noted that the Corporation 
would prescribe, for the steel-making industry, what 
they are to produce ; and that “‘ the public interest ” 
(or what the Corporation may consider to be the 
public interest) is to be the deciding factor—not 
necessarily the consumer’s interest. 

Payment for the securities to be taken over would 
be by the issue in exchange of British Iron and 
Steel Stock, the amount of the “‘ compensation ” 
being the face value equivalent to the market value 
of the shares on the Stock Exchange on certain 
dates ; and there are various clauses to ensure that 
no assets shall escape the nationalisation net 
between the date of publication of the Bill and the 
proposed “‘ vesting date ’—May 1, 1950—by trans- 
fer to other hands or to companies outside the scope 
of the measure. The companies which would be 
inside it are defined as those which, in 1946 and 
1947, had an average annual output of “not less 
than 50,000 tons of iron ore, or 20,000 tons of pig 
iron, or ingot steel, or hot rolled products, any 
company whose main activity is manufacturing 
motor vehicles being excluded.” This last proviso, 
of course, relates to the Ford Motor Company ; 
no other motor-car company in this country makes 
steel. There is a further control in that a licence from 
the Minister would be required if the average annual 
output of any product named exceeds 5,000 tons. 

The Second Schedule, previously mentioned, 
defines four categories of “‘ activity”: the working 
and getting of iron ore; the smelting of iron ore 
in a blast furnace, with or without other metalli- 
ferous materials; the production, in the form of 
ingots, of steel, including alloy steel; and “the 
changing of the cross-sectional dimensions or cross- 
sectional shape of steel by hot rolling in a rolling 
mill.” A Third Schedule gives the names of 107 
“Companies which fulfil condition for vesting of 
their securities’; it is sufficient to say that they 
represent all but about 2} per cent. of the entire 
production of the iron and steel industry of the 
United Kingdom. More precisely, it appears that 
the intention is to acquire 97-5 per cent. of the 
iron-ore production ; 97-6 per cent. of the pig-iron 
production ; 99-6 per cent. of carbon-steel ingots 
and 93-7 per cent. of dlloy-steel ingots; and 93-1 
per cent. of the re-rolling output. In the fields of 
sheet, plate and tinplate, the respective acquisitions 
are 94-1, 97-3 and 88-0 per cent. of the total 
production. 

So far as actual control of production is con- 
cerned, the Bill seems at first sight to involve little 
more than a change of allegiance, the substitution 
of a State-appointed Corporation fer the present 


446 


ENGINEERING. 





Nov. 5, 1948. J 





British Iron and Steel Federation, and the Iron and 
Steel Board of the Ministry of Supply. The com- 
panies acquired would retain their names, their 
special brands and trade-marks, and—it is evidently 
hoped and expected—their experienced directors 
and technical staffs ; thus, the sponsors of the Bill 
appear to imagine, the maintenance of output and 
of competitive prices, and—possibly most important 
of all, especially in present circumstances—the 
retention of goodwill in overseas markets, should 
follow automatically. Some such confident belief 
must have been in the minds of the Government, or 
surely they would not have tabled the Bill at all; 
for there can be no force at all in any contention that 
State ownership of the industry, per se, can effect 
material improvement in the output, quality or 
price of the present production so long as the prin- 
ciple is maintained that the nationalised industry 
must pay its way, “taking one year with another.” 
Experience with the nationalisation of coal points 
all too clearly to the probable course of events with 
nationalised iron and stee] ; and no overseas buyer 
who has any acquaintance with the effects of 
nationalisation is likely to feel the same confidence 
in brand names of products from a State-owned 
industry as he did when those names and associated 
qualities were backed by the personal interest of 
men whose whole lives have’ been spent in building 
up @ reputation for quality, and whose personal 
pockets would suffer if it were not maintained. It 
is easy to deride the “ profit motive,” but it can be 
and often is a valuable protection to the customer. 
State ownership provides no such safeguard. 

We do not propose to discuss the details or the 
ethics of the financial proposals; they have been 
debated already in the national Press, and very 
adversely criticised. There are other features, 
however, to which attention should be drawn, which 
are even more disturbing ; especially the arbitrary 
manner of determining the companies that “fulfil 
condition” to be taken over, and the anomalous 
situations that arise as a result of the provisions that, 
if an ironmaking or steelmaking business is absorbed 
(perhaps ‘‘e ed” is a better word), any subsi- 
diary companies are automatically taken over with 
it, irrespective of the nature of the businesses 
carried on by them. To take a hypothetical case : 
the Bill expressly excludes (clause 11) “any 
company whose main activity on the said day 
{October 29, 1948—the date of the first reading] 
consisted of the manufacture of motor vehicles ” ; 
@ proviso obviously instigated, as stated above, 
by the unique instance of the Ford Motor Company. 
But for this clause, the Government would enter 
into possession of one of the leading manufacturers 
of motor cars and, ipso facto, would be in competition 
with the other makers of motor cars, who would be 
entirely dependent for their supplies of steel upon 
the State-owned organisation with which they were 
in competition. As the clause stands, this particular 
situation does not arise in the motor-car industry, 
but it will arise, if the Bill becomes law, in a wide 
variety of other industries. The Bill authorises 
the proposed Iron and Steel Corporation to dispose 
of any businesses thus acquired as a result of the 
appropriation of steel firms which are present control 
them, but there is no assurance that the Government 
will not retain control and thus enter into direct 
competition with the firms who remain “‘ free.” 

On page 397 of our 16lst volume (1946), we 
devoted a leading article to the Government policy 
regarding steel as enunciated at that time—on 
April 17, 1946—by Mr. John Wilmot, the then 
Minister of Supply. The present scheme differs 
widely from that adumbrated by Mr. Wilmot—who 
proposed only to introduce ‘“‘a large measure of 
public ownership” and not a virtually complete 
sequestration—but the objections which we expresed, 
then are almost all applicable to the present Bill : 
especially that nationalisation cannot compete in 
efficiency with private enterprise. It is not suffi- 
ciently realised by the supporters of nationalisation 
as @ principle that the opposition to it, on every 
Occasion, has been inspired primarily and almost 
solely by this single fact ; for a fact it is, as Samuel 
Pepys observed nearly three centuries ago and all 
experience of nationalisation in practice goes to 
confirm, that “‘the King cannot buy as cheap as 
other men.” 


ACCIDENTS IN MINES. 


Ir is quite common to find statements in official 
reports to the effect that an important proportion 
of industrial aecidents is due to carelessness or 
inattention on the part of workpeople, or the 
ignoring of rules which are introduced entirely for 
the purpose of ensuring their safety. As a recent 
example, H.M. Chief Inspector of Mines reports 
that a “‘ number of accidents might have 
been prevented by stricter observance of the statu- 
tory requirements on the part of officials and work- 
men and by the exercise of reasonable care and 
common sense ” and that “‘a miner’s safety is to a 
large extent . . . in his own hands and those of 
his fellow workmen.” In this matter there is no 
Treason to suppose that miners are more careless than 
other members of the population, although owing 
to the inherent hazards of their occupation it would 
be desirable that their attention to safety rules 
should reach a higher standard than the average. 
In actual fact it is possible that it does. 

That in this matter miners have a reasonably 
good record may be deduced from an analysis of 
the causes of accidents. In 1945, 2,650 persons were 
killed or seriously injured underground in mines, 
and 50 per cent. of the casualties were caused by 
falls of ground; the corresponding figures for 
1946 were 2,617 casualties and 49 per cent. 
Although it is not true in every case, it may be 
said, in broad general terms, that a fall of roof is 
outside of the control of the individual working 
miner. A simple cause of many accidents is unex- 
pected falls of ground during packing operations. 
In the latest report* of the Chief Inspector of Mines, 
it is stated that at one mine, during the first half 
of 1946, one fatal and three serious not-fatal acci- 
dents occurred at the goaf edge during packing 
Operations. Long-handled rakes were then pro- 
vided for the purpose of getting stones out of the 
waste and no further accidents of this kind have 
been reported; more than 100 rakes have been 
provided. It would appear that the non-application 
of a simple procedure of this kind cannot be laid 
at the door of the individual working miner ; 
responsibility must be placed at a higher level. 

During the war years, the annual publication of 
the Chief Inspector’s report was suspended, and 
the present issue has accordingly been prepared to 
cover the years 1939 to 1946; statistics for the 
whole period are given, but detailed comment on 
accidents is confined largely to the years 1945 and 
1946. It is satisfactory to note that the total 
number of cases of death or serious injury decreased 
from 4,015 in 1938 to 2,878 in 1946. In many 
ways, however, these figures are not strictly com- 
parable ; to put them on a common basis, they 
should be weighted in terms of the number of 
employees. A fairer comparison may be made 
between the years 1945 and 1946, the respective 
totals for which were 2,903 and 2,878, which, while 
they do not show the spectacular reduction of the 
longer period, do indicate that useful progress in 
the direction of safety is being made. Roughly, 
but with some setbacks, a tendency to improvement 
may be traced through the nine-year period; 1940, 
however, has a bad record. 

For accidents due to falls of ground, the report 
gives curves covering the years 1941 to 1946; both 
the total number of accidents and the rate per 
100,000 man-shifts worked are plotted. A steady 
fall is shown by all curves with the single exception 
that in 1941 there was a rise in the number of 
deaths per man-shift. Accidents due to falls of 
ground are tabulated under falls at the working 
face and falls on roads. Falls of the roof at the 
working face are the main cause of accidents, being 
responsible for 189 deaths out of a total of 277 
in 1946. These are clearly the most difficult type 


of accident to control as the stability of a roof . 


must be largely a matter of individual judgment. 
Lectures and informal talks have been given to 
managers, deputies and workmen explaining the 
principles of roof control and the part played by 
packs, chocks, face-supports and sprags; the 
Safety in Mines Research Board has prepared films 


* Report of H.M. Chief Inspector of Mines for the Years 








1939-46. H.M. Stationery Office. [Price 9d. net.] 


illustrating the proper use of packing and supports, 
It is stated that. fatal accidents continue to occur 
through failure to use sylvesters for the withdrawal 
of supports and neglect to set a proper anchor prop 
when using a sylvester. These matters are clearly 
within the control of individual workpeople. 

Numerous accidents are due to falls of ground at 
roadheads, roadheads being defined as the road 
extending outbye from the coal face for a distance 
of 10 yards. It is suggested that more attention 
should be paid to the support of the roof and sides 
at such places, irrespective of the nature of the 
strata. In 14 accidents due to falls of ground in 
Yorkshire, in 1945 and 21 in 1946, the site had 
been inspected by the deputy very shortly, often 
only a few minutes, before the fall and had been 
considered to be safe. It is stated that events of 
this kind are “‘ not necessarily a reflection on the 
ability of the deputy ”; they show, however, that 
inspection is not a substitute for efficient support. 
Emphasis is laid on the importance of managements 
making their own observations on subsidences, so 
that the effect of roof-control measures may be 
checked. There has been a steady increase in the 
use of steel road supports during recent years, the 
consumption being 160,373 tons in 1942 and 
245,257 tons in 1946; the increase has been stimu- 
lated by timber shortage. Of 15,125 miles of road- 
way in use below ground on June 30, 1946, all but 
1,689 miles were supported by steel arches, cam- 
bered girders, timber, or other means. 

Transport and haulage accounts.for the greatest 
proportion of underground accidents, next to falls 
of ground. In 1946, 136 men were killed and 524 
seriously injured in accidents of this class. The 
report states that a large percentage of these 
accidents is preventable. Runaways and derail- 
ments accounted for about 40 per cent. of the total 
and it is pointed out that a moral, as well as a legal, 
responsibility rests on officials and workmen alike 
to see that safety appliances are not only provided 
but are kept in good working condition and are 
regularly used. It is reported by some Divisional 
Inspectors that there is an increase in illegal travel- 
ling on haulage roads ; this presumably is due to the 
absence of travelling roads, which it is not always 
possible to provide, or to the non-observance of 
rules allowing shifts of men to travel only when 
haulage has been suspended. There has been a 
considerable increase in the provision of man-riding 
trains to carry men to and from their working places 
and there are indications of considerable increase 
in the use of storage-battery and Diesel locomotives 
for such services. 

The report divides other accidents under the 
headings : explosions, fires and suffocation ; shaft 
accidents; and miscellaneous. The latter class 
covers accidents with tools and machinery, cases of 
falling or slipping, etc., and cannot be dealt with in 
detail here. Shaft accidents, which accounted for 
11 deaths and 24 cases of serious injury in 1946, 
were due to overwinding, or cages being started 
without a signal or under some misunderstanding. 
Accidents due to explosions and fires receive much 
more public attention than any other kind, but are 
by no means the most important from the point of 
view of death or injury. In 1945, there were 72 
cases of death or serious injury and in 1946 the figure 
was 73. Thereason that this class of accident is the 
subject of so much attention is the obvious one that 
from time to time it includes very serious incidents 
in which large numbers of miners lose their lives. 
The prevention, or control, of underground explo- 
sions has been the subject of study by the Safety in 
Mines Research Board over very many years and 
their recommendations regarding the laying and 
dilution of coal dust have been widely applied. An 
example of the extent to which the installation of 
water sprays to lay dust at conveyor-transfer and 
ing points is given in the report, in which it is 
stated that in South Wales 600 miles of piping solely 
for dust-prevention purposes had been laid by the end 
of 1946 and that the total length of face treated 
with water spray exceeded 69,000 yards. Mention 
is made of the various methods of allaying dust 
during machine cutting, by means of sprays, foam 
or water infusion, but no indication is given of the 
extent to which these methods had been applied 





during the period covered by the report. 
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NOTES. 


Tue InstrrvtTion oF Crvi ENGINEERS. 


THE choice of a subject for a presidential address 
to an institution of long standing must frequently 
be a matter of some embarrassment, as every main 
branch of the subject concerned is likely to have 
been dealt with in the pte Sir Jonathan Davidson, 
the new president of the Institution of Civil En- 
gineers, in the address which he delivered at a full 
meeting on November 2, when he took over office 
from the retiring president Sir Roger Hetherington, 
dealt with the subject of water supply. In view of 
Sir Jonathan’s outstanding position in this field of 
practice he could hardly have done otherwise, but 
he did not reproduce material previously presented 
by earlier presidents. His subject was some aspects 
of the beginnings of public water supply in Great 
Britain; his address showed evidence of much 
research and he was able to quote from ancient 
documents, some of which, buried in the Record 
Office and Muniment House of the Metropolitan 
Water Board, have only recently been examined 
and all of which were probably unknown to the 
majority of his hearers. His interesting and, in 
many passages, racy address began with a descrip- 
tion of Drake’s Leat at Plymouth authorised by 
“An Act for the Preservation of the Haven of 
Plymouth ” in the year 1585. Although the original 
purpose of the work was for watering ships and 
protection against fire, it ultimately served for the 
town supply and remained the main source for more 
than 300 years. Hugh Myddelton’s famous New 
River was then dealt with. This is a work about 
which information is more widespread, but Sir 
Jonathan had collected much data bearing on costs, 
methods and individuals connected with the 
project. The next section of the address was con- 
cerned with the history of sand filtration. This 
apparently had its beginnings in Lancashire, where 
surface water was clarified in sand filters for indus- 
trial purposes. The first attempts to apply sand 
filtration to a public water supply were made by the 
Glasgow Water Works Company in the early years 
of the Nineteenth Century and the names of both 
Telford and James Watt were connected with the 
work. The basic foundations of modern sand- 
filtration methods, however, were laid by Thomas 
and James Simpson, father and son, as engineers of 
the Chelsea Water Works Company. This pioneer 
work was described in some detail and illustrated by 
early drawings. The concluding part of the address, 
which was not read at the meeting, time not being 
available, is concerned with the beginnings of water 
sterilisation by chemical agents. 


THE CONSTRUCTION OF MotTor-Ways. 


In May, 1946, the Government announced an 
extensive plan for improving road communications 
in the United Kingdom. Part of this scheme is 
now to be implemented by the Special Roads Bill, 
which was introduced by the Minister of Transport 
(the Rt. Hon. A. Barnes, M.P.) in the House of 
Commons on Tuesday, November 2. This measure 
will permit the planning and construction of motor- 
ways and other single-purpose roads for specified 
classes of traffic; and will result in the provision 
of some 1,000 miles of special roads, linking the 
main centres of population, at a cost of 150,000I. 
per mile. There is no immediate prospect of the 
work being started on a large scale; but the Bill 
will enable preparations to be made and will allow 
roads to be incorporated in general development 
plans. The proposed motorways will generally be 
teserved for motor vehicles, but there may, in certain 
cases, also be cycle and pedestrian tracks. In 
addition, roads for the exclusive use of pedestrians 
or cyclists will be provided in such areas as the 
proposed national parks. A report to the Minister 
of Transport of a Joint Committee of the British 
Road Federation, the Institution of Highway 
Engineers and the Society of Motor Manufacturers 
and Traders, issued on Monday, November 1, dealt 
With the economies of this question. It points out 
that motor-ways are justified on financial grounds, 
as well as from considerations of safety and con- 
venience. They should, in fact, rank with other 
capital projects, which are contemplated during 





the next few years and should be given priority in 
all major schemes of road deyelopment, Part of the 
report is based on a census, which was taken on 
the trunk road A5 (London to the North West) 
on June 30. From this it appears that about 5,000 
vehicles used the road during that period and, as a 
result, it is calculated that, if a motor-way had been 
in existence, there would have been a minimum 
saving of 58 per cent. in the consequent operating 
costs. It is also pointed out that transport costs 
form a much larger proportion of production costs 
than is generally realised ; and that the lack of an 
objective approach to road matters has in the past 
saddled industry with a burden which at present 
acts as a distinct handicap to successful competition 
in the world’s markets. 


Tue WIRELESS TELEGRAPHY BILL. 


The Wireless Telegraphy Bill, which was intro- 
duced by the Postmaster-General (the Rt. Hon. W. 
Paling, M.P.) in the House of Commons, on Monday, 
November 1, provides means for reducing the 
interference with radio and television reception 
which is caused by electrical equipment on motor 
cars and by such domestic apparatus as vacuum 
cleaners, irons and immersion heaters. Regulations 
dealing with this interference will be made; and, 
where it is thought that any apparatus does not 
comply with them, the owner will be.served with a 
notice requiring him to discontinue its use after a 
given date. In the ordinary way, 28 days notice 
will be given, but in cases where interference is being 
caused to apparatus upon which the safety of any 
person, vessel, aircraft or vehicle depends, it may be 
immediate. Except in special cases, anyone so 
served may appeal to a tribunal, which will have 
power to revoke or vary the notice or to require 
compliance under penalty. Suppressors of various 
types are, of course, already available ; and it has 
been found in the past that householders have 
usually been co-operative in attending to com- 
plaints of interference. The new powers are 
therefore being sought mainly to deal with those who 
do not fall into this category. The Bill also seeks 
to make permanent the existing temporary legis- 
lation under the Expiring Laws Continuance Acts, 
which provides for the licensing of wireless trans- 
mitters and receivers. ‘“‘ Wireless telegraphy ” is 
now defined to include radar and navigational aids 
for ships and aircraft ; and provision is made, on the 
lines of existing legislation, for the entry and search 
of premises where it is expected an offence is being 
committed. Similar power is being sought over 
premises where it is believed that electrical or other 
apparatus is being used contrary to the regulations 
or is causing undue interference. In such cases, 
however, access must have been sought and unrea- 
sonably refused after 48 hours notice has been given. 
Persons guilty of offences against this part of the 
Bill will be liable to maximum penalties of three 
months’ imprisonment or a fine of 100/., or both. 


OPERATING EXPERIENCES WITH HIGH-PRESSURE 
Steam PowER PLant. 

A paper, entitled ‘‘ Some Operating Experiences 
with High-Pressure Steam Power Plant,” was read 
by Mr. W. N. C. Clinch, Divisional Controller, 
Eastern Division, British Electricity Authority, at a 
joint meeting of the Institutions of Mechanical and 
Electrical Engineers, on Friday, October 29. 
Between 1938 and 1944, said the author, the 
Northmet Power Company had commissioned four 
high-pressure steam power plants. These comprised 
50-MW and 60-MW units at Brimsdown A and B 
power stations, respectively, which operate on the 
1,900 Ib. per square inch, 930 deg. F. re-heating 
cycle; and two 32-MW non-reheating units at 
Willesden power station, which operate at 1,300 Ib. 
per square inch and 950 deg. F. These cycles were 
selected since both stations relied on rail-borne coal 
supplies and employed cooling towers. The capa- 
city and design of the new machines were also largely 
determined by the use of existing buildings to 
accommodate them. During 1947, these plants 
generated 54 per cent. of the company’s total output 
at an overall thermal efficiency of 27-13 per cent. 
In comparison with the level of performance of 
pre-war low-pressure plants, an economy of 74,000 


saving in overall costs.of production was 260,0001., 
inclusive of capital charges. In operating the 
original 1,900-lb. Loeffler boiler, the principal 
difficulty had been the absence of free choice in 
the purchase of coal, which impeded research into 
combustion problems. Experience suggested that 
these boilers were. more suitable for pulverised 
coal than for stoker firing; and that with either 
form of firing they were difficult to design, so that 
a suitable furnace-gas exit temperature was obtained 
when a re-heater was used. Possibly this difficulty 
could be overcome by modifying the circulating 
system which, in respect of operational safety and 
effective and close contro] of steam temperature, 
had considerable advantages. On the other hand, 
performance figures showed, that the 1,300 lb. per 
square inch, 950 deg. F. cycle, yielded equal or 
superior economies and this, combined with the 
absence of steam re-heating, rendered it the best 
in the present state of development. Moreover, for 
general power-station utility it was essential that 
two-shift operation should be possible and, while 
neither cycle had shown itself readily adaptable 
to such operation, the 1,300 lb. per square inch 
cycle was the more promising. In fact, high- 
pressure boilers must be designed so that the 
pressure could be rapidly raised from banking 
conditions with reliable and accurate superheat 
control during the process. Self-draining super- 
heaters were essential for this purpose. Boiler 
availability was the key to improved efficiency, 
and the company’s experience suggested that the 
adoption of generous ratings, affording ample 
continuous maximum output capacity, was the 
first essential for this purpose. In the design stage, 
too, attention must be paid to such practical points 
as ready access, facilities for cleaning external 
heating surfaces, and careful planning and lay-out 
of the soot-blower equipment. Furnace design 
should also be such as to afford a gas outlet tempera- 
ture well below the ash-fusion temperature before 
entering the convection heating surfaces. 


Tue Proytinea, PackaGrine aND ALLIED 
TrapeEs RESEARCH ASSOCIATION. 


On Thursday, October 28, the new offices and 
laboratories of the Printing, Packaging and Allied 
Trades Research Association, at Patra House, 
Randall-road, Leatherhead, Surrey, were officially 
opened by H.R.H. The Duke of Gloucester, who, in 
1937, had opened the original laboratories which 
were destroyed in an air-raid on the City of London 
in 1941. The new centre, close to Leatherhead 
Station, is a light and airy building, about 200 ft. 
long by 50 ft., with three storeys. Like other co- 
operative research associations, P.A.T.R.A. derives 
its income partly from industrial concerns, which in 
this case are interested in printing and packaging, 
and partly from the Department of Scientific and 
Industrial Research. Some of the research pro- 
grammes in hand or being considered include 
an investigation of the opacity and light reflec- 
ting properties of various papers, and of their 
capillarity and permeability to various liquids, this 
last mentioned research being undertaken with the 
object of improving the absorption drying of inks. 
Mechanical tests on papers under controlled 
humidity and temperature conditions are to be 
carried out, and information is being collected for 
the purpose of trying to reduce “ink-fly,” that is 
the throwing-off of ink, inthe form of droplets or 
fine mist, by high-speed printing machines. The 
prevention of mould and insect attack on book 
bindings and on packaging materials is also being 
studied. Other researches include the development 
of a colour-measuring device for prints and of 
apparatus for controlling colour on the sheet as it 
is being printed; the effects of pressure and of 
roller distribution in printing machines are also being 
investigated. The aims of the packaging pro- 

es are, in general, to determine, and to 
improve the protection given by packaging materials 
against outside agencies such as certain liquids, 
gases and oils, as well as against insects and moulds 
and general handling. Special equipment is, or 
will be installed for simulating rough mechanical 
usage and onerous storage conditions. There is also 
a library, a workshop, and a technological laboratory. 








tons of coal had been effected, while the annual 


The latter is to be air-conditioned by steam and 
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refrigerating plant, houses commercial machines for 
full-scale printing trials, and for testing new tech- 
niques and developments. At the luncheon, held at 
the Dorchester Hotel, London, W.1, after the open- 
ing ceremony, Mr. W. L. Bemrose, vice-president of 
the Association, announced that the Association’s 
Council had decided to set up a Building and Equip- 
ment Fund to meet the building cost of 110,000/., 
as it was considered essential to spend all future 
income on active research. The D.S.I.R. had offered 
to contribute up to 32,000]. towards this fund, on 
the basis of 1/. for every 2I. received, as special 
contributions, from member firms. Nearly 20,000I. 
had already been promised by member firms. The 
Director of Research, who is also secretary of the 
Association, is Dr. G. L. Riddell, F.R.1.C. 


National Founpry COLLEGE. 


The first session of the National Foundry College, 
Wolverhampton, during which a self-contained 
intensive course was held for the College Diploma, 
opened on January 5, 1948, and ended on August 18, 
1948. It is stated in the report on the course, which 
has recently come to hand, that 18 students, having 
an average age of about 25, enrolled for this first 
session; 11 of them were nominated by their 
employers and these included one student from 
Ceylon and another from Egypt. The remainder 
made independent application, some of them receiv- 
ing aid under the Government Further Education 
and Training Scheme for Ex-Servicemen and one 
attending the course with a Fellowship of the 
Worshipful Company of Founders. Three of the 
students were graduates and the others possessed 
suitable technical qualifications. As stated on page 
207, ante, the new session commenced on Septem- 
ber 27 and the course for the Diploma is divided into 
two parts. Part 1 occupies six calendar months 
and is followed by an interval of six months for 
renewed industrial experience, while Part 2 occupies 
a full academic year of about ten calendar months. 
In the 1948-49 session, Part 1 will begin in January, 
1949, and end six months later. In subsequent 
years, however, Parts 1 and 2 will begin at the same 
time, towards the end of September, and run 
concurrently. During a recent visit to the College, 
which is housed in the Wolverhampton and Stafford- 
shire Technical College, Mr. R. G. Hosking, chair- 
man of the Governors of the College, said that their 
immediate object was to turn out 25 fully-qualified 
men to be future leaders of industry each year, and 
as it had been computed that the industry required 
at least 750 such men in all branches of founding 
it would be seen that the policy envisaged was a 
long-term ene. Mr. R. W. Blount, H.M.L, an 
assessor of the College, explained that National 
Colleges are designed to meet the needs for ad- 
vanced technological training and research in 
industries requiring the training of relatively few 
technicians. Besides the National Foundry College, 
other National Colleges had been started for Aero- 
nautics, Horology, Heating and Ventilating, and 
Rubber Technology. The management of the 
College was entrusted to a separate and autonomous 
governing body appointed by the Minister of 
Education, which included representatives of the 
technical institutions, research associations and 
trade associations connected with the industry. 
The net expenditure of the governing body, in 
establishing and maintaining the national activities 
of the College, after allowing for the contributions 
from industry, was met by a direct grant from the 
Ministry of Education. 





NEW AIRCRAFT Factory aT BROUGHTON.—The new 
aircraft factory at Broughton, Cheshire, which the 
de Havilland Aircraft Company took over in June this 
year, is now in production, the first aircraft, a Mosquito 
night fighter Mark 38, being ready for delivery. The 
factory was built by the then Ministry of Aircraft 
Production and was operated until March of this year by 
Messrs. Vickers-Armstrongs Limited. It has a covered- 
floor space of approximately one million square feet and 
is nearly equal in size to the parent unit at Hatfield. 
Flight testing is carried out on an adjacent air field, 
which is under the command of the Royal Air Force 
and is capable of dealing with aircraft of considerable 
size. Labour for the factory is being recruited locally, 
as many of the local population have had war-time 
experience of aircraft production in this factory. 





LETTER TO THE EDITOR. 
THE METRIC SYSTEM. 


To THE Eprror oF ENGINEERING. 


Str,—We are indebted to Encarnerrine for the 
publication of the four interesting contributions to 
the discussion of the Metric System held before the 
British Association at Brighton. From the evidence 
given by the authors of these contributions, a jury 
might be expected to return a half-hearted verdict 
in favour of “ No Change ” in the present system. 
Mr. Percy Good puts up a strong case for the common 
man depending to a large extent on mental arith- 
metic against that of the scientist depending on 
slide rules and calculating machines, but neither 
he nor any of the other speakers offers a solution 
that will at the same time meet the needs of both 
common man and scientist ; yet they must surely 
have been aware of the fact that such a solution was 
well known. The case for the metric system rests 
on the obvious advantage that must follow the 
adoption of the same system for both counting and 
measuring and it rests on this alone ; Dr. Hartshorn 
appeals to logic, but this is as far as logic will 
support his arguments. It is not, however, quite 
so obvious to many people that there are two ways 
of attaining this desirable end. Let us consider, 
for example, feet and inches ; we can either divide 
the foot into ten inches or divide the 10 (called, 
in this case, one 0, not ten) into 12 units. 

The second solution may be considered quite 
impracticable at this stage of the World’s history, 
and it is not my present object to advocate its 
adoption: my purpose is rather to point out that 
no true understanding of the subject can be had if 
we ignore it, because the source of all the trouble 
lies in the definition of the symbol 10. It is well 
known that ten was adopted as base for the simple 
reason that man is blessed with ten fingers and 
ten toes; had twelve been adopted instead and 
written “10” there would be no metric-system 
question to engage the attention of the British 
Association to-day. Does any scientist dispute 
this fact or that twelve is a better base both for 
calculation and measuring than ten ? 

Mr. Good, while admitting that calculation in the 
metric system is simpler, fails to explain that the 
simplification is due entirely to the fact that the 
computer is using the same system for counting and 
measuring : his slide rule is a decimal slide rule and 
his calculating machine a decimal machine. Had he 
used the duodecimal notation and a duodecimal 
slide rule and calculating machine, he would have 
found even greater simplification. 

The argument against the adoption of the metric 
system is that the base ten does not contain the 
fundamental factors 3, 4, and 6, which are not only 
essential to the practical man but also very helpful 
in calculations. The duodecimal system does not 
suffer from this defect. The simplification that 
would result from its adoption can best be shown 
by expressing a few simple fractions in duo- 
decimals : 4 = 0-6; $=0-4; }=0°3; 4 =0-2; 
$= 0-16; and 4 =0-14. 

Two wrongs don’t make a right : if we must build 
up @ new system of weights and measures, let us 
build it on a sound foundation. 

Yours faithfully, 
J. Hatcro Jounson, M.1.C.E. 
Orphir House, 
Orphir, Orkney. 
October 28, 1948. 





AWARDS FOR BRITISH HARVESTING MACHINES.—In 
order to encourage the manufacture in Britain of machines 
designed for the collection of forage crops, the Royal 
Agricultural Society have decided to offer prizes for 
British machines designed for this class of work The 
value of the prizes will total 3,0001., which will be divided 
between three classes of machine. The first two classes 
cover machines either in production or ready for produc- 
tion, designed for the collection of hay and straw and 
green crops, respectively, while the remaining class 
covers prototype machines which may need further 
development The provisional closing date for entries is 
December 31, 1949, and the machines will be judged at 
@ demonstration te be held in the south of England 
during September, 1950. 





OBITUARY. 


MR. F. H. LIVENS. 


As a general rule, a man who reaches his 95th 
year has outlived so many of his friends and con. 
temporaries that, to the world at large, he has 
already virtually ceased to exist or, like Professor 
W. C. Unwin, has become a legend. There have 
been notable exceptions, however, such as Colonel 
R. E. B. Crompton; and now another must be 
counted among them—Mr. F. H. Livens, who died 
at Droitwich on October 30 at the age of 94, but 
who continued in active professional life until near- 
ing his eighties, and, after his retirement, still kept 
in touch with engineering affairs until very recent 
years. He was associated with Messrs. Ruston and 
Hornsby, Limited, for 55 years and, at the time of 
his death, had been a member of the Institution of 
Mechanical Engineers for 58 years, and a corporate 
member of the Institution of Civil Engineers for 
59 years. 

Frederick Howard Livens was born on February 2, 
1854, and, on leaving school, entered upon a six 
years’ apprenticeship with Marshall, Sons and Com- 
pany, Gainsborough. While there, he was success- 
ful in obtaining a Whitworth Scholarship; a par- 
ticularly creditable achievement, as in that year 
(1874) only six were granted instead of ten, as pre- 
viously. It is of interest that the six Scholars of 
1874 also included R. A. Sloan, who founded the 
Liverpool patent agency of Sloan and Lloyd-Barnes, 
and William Sisson, founder of the engineering firm 
of William Sisson and Company, Gloucester. Sloan 
and Sisson made the most of their scholarships, both 
winning substantial money prizes in the following 
two years; but Livens resigned his at the end of 
the first year rather than take the annual re-examina- 
tion in all subjects which was required at that time 
by the rules. He then spent a year in the drawing 
office of Marshall and Company, but left them in 
1876 on his appointment as chief draughtsman with 
Ruston, Proctor and Company, Lincoln. With 
them and their successors, Ruston and Hornsby, 
Limited, he remained for the rest of his working life, 
becoming chief engineer in 1897, a director in 1899, 
and vice-chairman in 1929, retaining his last 
position until his retirement in 1931. At one time 
or another, he was concerned in the design and 
construction of a remarkable variety of plant, but 
mainly with steam and oil engines, pumping plant 
and excavating machinery. 

As mentioned above, Mr. Livens was a member of 
very long standing in the Institutions of Civil and 
Mechanical Engineers, being elected to the former 
as associate-member in 1889 and transferred to the 
class of member in 1906. He entered the Institution 
of Mechanical Engineers as a member in 1890 and, 
after some 16 years on the Council, of which eight 
were spent in the office of vice-president, he was 
elected an honorary member in 1937. He was also a 
member of the Iron and Steel Institute, and an 
honorary member of the Junior Institution of 
Engineers. A man who always knew his own mind, 
he had the reputation of being something of a 
martinet in his more active days, though one who 
was always held in high regard by those who worked 
with him; but his friends, most of them consider- 
ably junior to him in years, are likely to recall him 
best as an engineer-cum-philosopher with a shrewd 
and practical insight into men and things, a fund 
of reminiscence, and an engaging aptitude for 
quotation—especially from Butler’s Hudibras. 





. FUEL AND POWER ECONOMY, WITH SPECIAL REFER- 
ENCE TO HEAT Pumps; ERRATA.—Our attention has 
been called to a few arithmetical slips which occurred in 
our reprint of the evening lecture on the above subject 
delivered at the recent meeting of the British Association 
at Brighton. The errors all occur in the third paragraph 
in the right-hand column of page 311, of our issue of 
September 24, 1948. In the third line of this paragraph 
76-4 1 me 
the equation should read 1193-3" 140-7” the denomin 
tors, as printed, being incorrect. Similarly, in line 9, 


1 1 
frac ——,, and the final fraction 
the tion Ty ecient in-93 








1 1 
should read 3" instead of 2-48" 
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RADIANT AND CONVECTIVE 
HEATING. 


By Tuomas Beprorp, D.Sc., Ph.D.* 


Aone those responsible for building programmes, 
interest is being evinced in the respective merits of 
radiant and convective heating. For discussion 
along with the technical and economic considerations, 
information concerning the physiological effects of 
these modes of heating is desired. Before conclusive 
statements can be made on some aspects of the 
question much further research will be necessary, 
put there is at present available a considerable 
amount of information bearing on the matter, and 
it is the purpose of this article to summarise some 
of the pertinent data. 

It would be very satisfying if downright statements 
could be made concerning the effects of this or that 
system of heating or of ventilation on health, but, 
under most ordinary conditions, it is not possible 
to obtain clear-cut data which enable one to make 
such statements, and it is generally necessary to 
arrive at judgments on the basis of subjective 
reactions to the environments produced by the 
various systems. Provided that an appropriate 
amount of heat is supplied to an apartment, an 
adequate degree of warmth can be achieved by 
almost any system of heating, but the distribution 
of warmth throughout the apartment may be very 
unsatisfactory. Even when the overall degree of 
warmth is satisfactory, different types of heating 
may be regarded differently on the score of the 
pleasantness of the environment provided. A room 
which is neither too warm nor too cold may feel 
either fresh or stuffy. The conditions which make 
for a pleasant environment have been enumerated 
at various times and it may be well to recapitulate 
some of these lists of requirements. 

On behalf of the Commissioners who were 
appointed by the General Board of Health to inquire 
into the warming and ventilation of dwellings in 
1857, J. F. Campbell made large numbers of observa- 
tions on the temperature and humidity in the 
board room of the General Board of Health, and in 
other rooms. In reviewing these observations, the 
Commissioners wrote :— 


“ Before proceeding to the consideration of these 
experiments, it is desirable to review the conditions 
which render an apartment comfortable and healthy ; 
they seem to be as follows : 

That the floor be at the highest temperature in the 

room. 

That the walls be higher, or as high in temperature, 
as the general temperature of the room. 

That the general body of the air in the room be 
of a genial and equable temperature, at the 
same level, and gradually decreasing from 
below upwards to the ceiling. 

That the ceiling be at a temperature differing 
very little from the stratum of air immediately 
below, and should be the lowest in the room. 

That the range of temperature during the 24 hours 
be small, so as to prevent the loss of heat during 
the first part of the day, by heating air at a 
much lower temperature than is required. 

That the water present in the air be such in 
amount that no undue checking or accelerating 
evaporation from the skin takes place. 

That all heated air which passes upwards should 
pass away. 

That fresh air be admitted to supply the place 
of exhausted air. 

That there should be a freedom from sensible 
currents of air, and a freedom from smoke. 

“On the other hand, we may consider that the 
reverse of these conditions is injurious to the health 
and comfort of the occupants, viz. : 

That the general body of the air be either at too 

high or at too low a temperature. 

That either the floor or walls be cold, with respect 
to the general temperature of the room. 

That the ceilings be heated; unequal distribution 
of heat; bad ventilation; currents of air; 
presence of smoke. 

If there be a great departure from the proper 
degree of humidity at any temperature, the air 
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will be either too dry if at much less, or too damp 
if at much more, for healthy and agreeable 
respiration, and more particularly to all 
occupants who are in any way affected with 
pulmonary complaints. 

Dependent upon the hygrometrical states of the 
air is the amount of vapour carried off from the 
lungs at every respiration, and given off by 
perspiration from the skin. 

With a low dew-point at a high temperature of 
the air, a large quantity of vapour is carried off 
from the lungs, and from perspiration ; with a 
high dew-point the air will be a much less 
powerful absorbent of moisture, it will absorb 
less from the lungs ; but at the same time the 
exhalations from the body may be greatly 
increased, 

Excessive heat, moisture or dryness of the air, 
destroys its salubrity, and acts injuriously upon 
the animal system. 

The general temperature of the air of an inhabited, 
room differs but little with the season; it may 
be taken usually at about 60 deg. in winter 
and 65 deg. in summer.” 

In 1926,* H. M. Vernon, C. G. Warner and the 
present writer, studied the factors which tend to 
make an environment seem stuffy, or fresh, and their 
data were re-examined in 1939.¢ The conclusions 
reached by the writer and C. G. Warner were :— 

“The maintenance of a suitable degree of warmth 
is not the only requisite of a really satisfactory 
system of heating and ventilation. It is not enough 
to ensure that the equivalent temperature, effective 
temperature, or other index of warmth is satisfac- 
tory, even though such index makes adequate 
allowance for the thermal effects of the air movement 
and other variables. The factors which affect 
sensations of warmth also influence the invigorating 
properties of the environment, and help to determine 
whether a room will arouse feelings of freshness or 
of stuffiness in the occupants.” 

Equivalent temperature (due to A. F. Dufton, 
of the Building Research Station) is a scale of warmth 
which takes into account the temperature and rate 
of movement of the air and the radiation from the 
surroundings. It makes no allowance for variations 
in atmospheric humidity. Equivalent temperature 
is measured directly by means of the eupathesoscope, 
but it can be estimated from the readings of other 
instruments. Effective temperature is a scale of 
warmth devised by Houghten and Yagloglou,} of 
the American Society of Heating and Ventilating 
Engineers. It takes note of the temperature, 
humidity and rate of movement of the air, but 
makes no allowance for radiant heat. An adjust- 
ment of effective temperature to allow for the 
effects of radiation has been proposed by Bedford.|| 
There is some evidence that the allowance is a 
reasonable one, but prolonged research will be 
necessary before this can be adequately checked. 

From the results of the above study some of the 
requirements for a pleasant and invigorating 
environment can be stated, as follows. A room 
should be as cool as is compatible with comfort, 
since freshness tends to increase as the temperature 
isreduced. Thereshould be adequate air movement. 
During the winter season the air velocity in the 
ordinary factory averages about 30 ft. per minute, 
and in the majority of cases lies between 20 ft. and 
40 ft. per minute. At velocities much below 20 ft. 
per minute, feelings of stuffiness are likely to arise. 
In summer weather, or in hot factories, velocities 
rather higher than those mentioned are desirable. 

The air movement should be variable rather than 
uniform and monotonous. The body is stimulated 
by ceaseless change in the environment. Out of 


* “The Influence of Cooling Power and of Variability 
of Air Currents on Sensations of Air Movement,” 
Rept. Series, Med. Res. Council, London, No. 100, part III 
(1926). 

t+ “‘ Subjective Impressions of Freshness in Relation 
to Environmental Conditions.”” By T. Bedford and 
C. G. Warner, Jl. Hygiene, Cambridge, vol. 39, page 498 
(1939). 

t Determining Lines of Equal Comfort, by F. C. 
Houghton and C. P. Yagloglou. 7'rans. Am. Soc. Heat. 
Vent. Engrs. Vol. 29, page 163 (1923). 

|| Environmental Warmth and its Measurement. T. 
Bedford. Med. Res. Council, London; War Memo, 
No. 17. (1946). 





doors, we are braced by the changing play of the 
wind, and it is shown thatthe variations of air 
movement which may be encountered indoors 
exert an invigorating effect. Where ventilation 
is by open windows the air movement is likely 
to be variable, but with some mechanical venti- 
lating systems the air movement is undesirably 
monotonous. In mechanical installations the air 
inlets should be so designed, and the velocity of 
discharge so arranged, that suitable eddying 
currents are set up. 

The relative humidity of the air should be kept 
reasonably low. It should not exceed 70 per cent., 
and should preferably be much below that value. 
The average temperature of the walls and other 
solid surroundings should not be appreciably lower 
than that of the air, and should rather be warmer. 
The combination of cold walls and warm air often 
causes a feeling of stuffiness. The air at head level 
should not be distinctly warmer than that near the 
floor, and the heads of the occupants should not 
be exposed to excessive radiant heat. The air 
should be free from objectionable odours. 

The Eleventh Annual Year Book of the American 
Public Health Association, for 1940-41 (supplement 
to the American Journal of Public Health, vol. 31, 
No. 3, March, 1941), contains an outline of working 
standards for the maintenance of comfort, health 
and efficiency, assuming altitudes not exceeding 
10,000 ft. above sea level. These are: cool rather 
than hot—but avoiding a sense of chilliness; dry 
rather than damp ; still or moving, depending upon 
physical activity ; some diversity in temperature— 
time and space—rather than uniformity and 
monotony; foot level as warm as head level ; 
radiant heating preferred (that is, a local heat source 
as an item of heating); shockless temperature 
differentials between air-conditioned quarters and 
outer air depending upon the length of stay indoors, 
that is, less differential for brief stays ; essentially 
noiseless conditioning apparatus; minimum of 
25 sq. ft. and 200 cub. ft. per person ; reduction of 
obnoxious dusts, bacteria, fumes, vapours and gases 
to their sub-danger thresholds ; satisfactory primary 
sense impression upon entering the room or space ; 
maintenance of comfortable conditions during 
occupancy (room comfort impression); sufficient 
replacement of ‘‘ foul air” with “ fresh air ” to meet 
odour-comfort requirements, and entrainment or 
filtering out of objectionable industrial odours ; 
ultra-violet or actinic ray effects on air or occupied 
space to be deferred for later consideration; and 
intelligent supervision. 

Feelings of general bodily warmth depend on the 
summated effects of the environment on the surface 
of the whole body. Impressions of freshness, on the 
other hand, are due to local stimulation of the skin 
by the environment. This stimulation is probably 
partly thermal and partly tactile. If the body 
remains perfectly in equilibrium with its surround- 
ings, so that no change occurs in the temperature 
of the skin or of the deeper tissues, no sensation of 
warmth or of cold is evoked. Then the subject will 
feel ‘‘ comfortable,” so far as any scale of warmth 
sensations is concerned; but, since there is no 
stimulation of his skin receptors, the environment 
will be relaxing and he may describe it as “ stuffy.” 

A sudden increase in the speed of air currents 
impinging on the skin, say, from 20 ft. to 300 ft. or 
400 ft. per minute, causes an increase in pressure 
which is sufficient to stimulate the tactile endings in 
the skin and to arouse touch sensations. Even if 
the speed of a rapid air current is practically con- 
stant, any variation in the direction of the wind, 
or any slight bodily movement, will cause the 
current to impinge on fresh areas of skin and thus 
arouse tactile sensations. Air currents moving 


Sp at speeds which are much too low to stimulate the 


tactile receptors in a sedentary person may excite 
touch sensations in persons who are in motion, 
for the air velocity which matters from this stand- 
point is the velocity relative to the person. The 
air speeds encountered indoors are not usually high 
enough to evoke sensations recognisable as those 
of touch, but, nevertheless, they may be enough 
to alter the skin temperature at a rate sufficient 
to arouse thermal sensations. Changing direction 
of air currents, and slight. body movements, expose 





fresh areas of skin, and thus ensure the sudden 





450 


ENGINEERING. 





Nov. 5, 1948. 





changes necessary for local stimulation even when 
the air speed is fairly constant. Any variability in 
the speed of the air currents causes further stimula- 
tion, and, it may be noted, there is a tendency for 
this variability, even when expressed as a percentage 
of the mean speed, to increase as the speed increases. 

Experience teaches that cool air is more bracing 
than warm air; C. G. Warner and the writer 
showed that a fall of 5 deg. in the air temperature 
during summer, or of 3-5 deg. during winter, was 
enough to increase freshness by one unit on the 
arbitrary scale of sensations. When the air tem- 
perature was held constant, there was found to be a 
clear correlation between freshness impressions and 
air velocity (r= 0-62+ 0-11 and 0-49+ 0-08 
for the summer and winter observations, respec- 
tively). 

Correlation is a statistical method of measuring 
the degree of association between two variables. 
The degree of association is shown numerically by 
the “coefficient of correlation” (r), which is a 
number lying between the limits of 1 and —1. 
A correlation coefficient of 1 indicates that there is 
a perfect association between the two variables, the 
highest value of the one corresponding with the 
highest of the other, while a correlation of —1 
indicates that there is a perfect inverse association. 
Any degree of association short of perfection is 
indicated as a decimal fraction, positive or negative. 
When the correlation coefficient is so large that its 
value is unlikely to have arisen through errors of 
sampling, the coefficient is said to be “significant.” 
The significance is ascertained by calculating the 
standard error of the coefficient, and a coefficient 
more than twice as great as its standard error is 
usually considered to indicate a significant degree 
of association. Thus the correlation coefficient for 
freshness impressions and air velocity of 0-62 + 0-11 
is significant, for the coefficient is much more than 
twice as great as the standard error of 0-11. 

A given change in air velocity had more effect 
on freshness impressions in summer than in winter. 
In the winter observations, in which the air tempera- 
ture averaged 61 deg. F., a change of about 40 ft. 
per minute in the velocity increased the freshness 
by one unit of the scale of sensations, say, from 
“medium” to “fresh.” In summer, when the 
temperature averaged 10 deg. F. higher than in 
winter, an increase in freshness equivalent to one 
unit on the scale accompanied an increase of only 
about 20 ft. per minute in the velocity. Thus, in 
these observations, the invigorating effect of air 
movement was more noticeable at high tempera- 
tures than at low ones, whereas, when general 
sensations of warmth are considered, a given 
change in the amount of air movement has a greater 
effect when the temperature is low than when it is 
high. 

Variability of air movement was measured with 
the aid of a hot-wire anemometer. Velocities were 
determined at 2-second or 2}-second intervals over 
periods of five minutes, and the variability of air 
movement was determined by calculating the mean 
variation of velocity and expressing it as a percen- 
tage of the mean velocity over the period of obser- 
vation. As examples of the results yielded by these 
observations, in a work-room with good cross- 
ventilation, the average air speed was 72 ft. per 
minute with a mean variation of 47 per cent., while, 
in a poorly-ventilated office, the speed averaged 
15 ft. per minute and the mean variation was 16 per 
cent. 

In the summer observations, when air temperature 
and average air velocity were both held constant, 
there was a highly significant partial correlation 
between freshness and variability of air velocity 
(r = 0-43 + 0-08). With the same air temperature 
and average velocity, an increase of 14 per cent. 
in the mean variation of the air velocity was accom- 
panied by an increase in freshness equal to one unit 
of the sensation scale. In winter, the residual 
correlation between freshness and variability of air 
movement, with constant temperature and average 
velocity, was insignificant. If variability of air 
movement had any influence in winter, it was of 
far less importance than in summer. It has been 
noted already that the mean air velocity had less 
influence in winter than in summer, while, on the 
other hand, a given temperature change had about 





40 per cent. more effect on freshness impressions in 
winter than in summer. 

In a study of the effects of quality of radiation on 
warmth sensations,* Oppel and Hardy, in 1937, 
used three kinds of radiation in their earlier experi- 
ments, namely, visible radiation of 0-4 to 0-7 
microns, penetrating infra-red radiation in a wave- 
band of from 0-8 to 3-0 microns, and non-penetrat- 
ing infra-red radiation of longer wavelengths than 
3 microns. The visible light was obtained from a 
1,000-watt bulb, the light being passed through 
9 cm. of an 0-8 per cent. aqueous solution of copper 
sulphate. The near infra-red was also derived 
from a 1,000-watt lamp, with a Corning heat- 
transmitting filter; and the far infra-red energy 
was obtained from a 250-watt electric stove, 12 cm. 
in diameter and heated to between 300 deg. C. 
and 400 degsC. before use. The minimum amounts 
of incident radiation ired to evoke a sensation 
of warmth, when the skin of the forehead was 
irradiated for three seconds, were in the ratio of 
3:2:1, respectively, for the visible, penetrating 
infra-red, and non-penetrating infra-red radiations. 
Proportions of the incident radiation which varied 
with the wavelength were reflected at the surface 
of the skin. Allowing for reflection, the minimal 
amounts of absorbed radiation which were required 
to give rise to sensations were in the ratio of 2-2: 
1-5:1. The more penetrating the rays, the less 
sensitive one is to them in a brief exposure. Hartley, 
in 1934, described experiments with various incan- 
descent heaterst in which he showed that the 
threshold intensity for pain was higher with 
the sources which emitted the more penetrating 
radiation,“and that exposure to radiation of a 
given intensity could be borne for longer when the 
radiation was of a more penetrating kind. 

The minimum stimulating rates for the various 
radiations used by Oppel and Hardy did not bring 
about the same rise in the temperature of the skin. 
A relatively large amount of visible radiation was 
necessary to evoke a sensation, and it caused 
considerable rise in the temperature at the skin 
surface and beneath it. The amount of penetrating 
infra-red required was less, and the resulting 
temperature elevations were less. Still less non- 
penetrating infra-red radiation was needed, and it 
caused the least changes in the temperatures of the 
surface and of the deeper tissues. It is estimated 
that these three types of radiation were absorbed 
by the skin in such a way that, with each of them, a 
similar disturbance of the normal thermal gradient 
in the tissues was caused. 

The smallest intensity of radiation which could be 
perceived as warmth was 0-00015 gm. cal. per 
square centimetre per second, when the area of skin 
irradiated made no appreciable difference to sensi- 
tivity. The rise of skin temperature produced by 
this radiation was at the rate of 0-001 deg. C. per 
second ; that is, a temperature-rise of 0-003 deg. C. 
in three seconds will evoke a sensation of warmth. 
This represents the threshold of excitation of the 
end-organs. 

Hardy and Oppel, in 1938, continued their workt 
by investigating the stimulation of sensations of 
cold by radiation. As their source of “‘ cold radia- 
tion” they used a block of solid carbon dioxide, 
and the cold stimulus was the net loss of heat from 
the skin as the result of the radiation exchange 
between it and the carbon-dioxide block. The 
minimum rate of change in skin temperature for the 
production of a sensation of cold, when the area 
stimulated was 200 sq. cm. or more, was 0-004 deg. 
C. per second, whereas the rate for sensations of 
warmth was 0-001 deg. C. 


(To be continued.) 





* “Studies in Temperature Sensation. I.—A Com- 
parison of the Sensation Produced by Infra-Red and 
Visible Radiation.” By T. W. Oppel and J. D. Hardy, 
Jl. Clin. Invest., vol. 16, page 517 (1937). II.—The 
Temperature Cha ges Responsible for the Stimulation of 
the Heat End-Organs. JIbid., vol. 16, page 525, (1937). 

+ “ Radiant Heat and Comfort,” by H. Hartley, 
Jl. Inst. H. and V. Engrs., London, vol. 2, page 273 
(1934). 

t “Studies in Temperature Sensation. IV.— The 
Stimulation of Cold Sensation by Radiation,” by J. D. 
Hardy and T. W. Oppel, JI. Clin. Invest., vol. 17, page 771 
(1938). 





THE INTERNATIONAL 
MOTOR EXHIBITION AT 
EARLS COURT. 


Tue thirty-third International Motor Exhibition 
opened at Earls Court, London, on Wednesday, 
October 27, and will remain open until tomorrow 
evening, November 6. This is the first exhibition 
of its kind te be held in this country since the war, 
and although having the same scope as in pre-war 
days, it differs in several respects. The total 
number of cars exhibited, for instance, is fewer 
than hitherto, mainly because of the smaller foreign 
representation, but partly due to the fewer types 
displayed by the different manufacturers, an indj- 
cation of the efforts being made to achieve maximum 
production by standardisation. As a consequence 
of the smaller space occupied by the motor cars, 
more space is available for the marine section and a 
greater variety of craft is being displayed. All 
types of motor boat are represented, from small 
outboard-motor dinghies to sea-going cruisers, the 
largest vessel being a 60-ft. Diesel-engined cabin 
cruiser. The caravan section also has benefited 
from an increased allocation of space, and many 
different types are being exhibited ranging from 
small two-wheel trailers to large residential caravans 
with overall lengths exceeding 25 ft. The total 
number of exhibitors is over 500, there being 48 in 
the car section, 21 in the coachwork division, and 
260 in the accessory and component section, the 
remainder being divided between the marine, cara- 
van and transport-service equipment sections. 

The exhibition can be of only academic interest 
to most of the visitors, as the chances of obtaining 
a new car in the near future are extremely remote. 
At the present time, 75 per cent. of the cars being 
produced are destined for overseas, and the exhi- 
bition lays emphasis, therefore, on the export 
trade. The contribution of the motor industry to 
the export drive is quite remarkable, as during 
the first nine months of this year over 168,000 cars, 
having a total value of nearly 444/. millions, have 
been sent abroad, nearly 16,000 units to the United 
States. A surprising feature is that the improve- 
ment in our export trade has been achieved with 
cars the horse-power of which is little in excess of 
the pre-war average. It may be argued that this 
is but a passing phase, and that when United States 
manufacturers are ready to expand their exports 
of cars we shall lose a large proportion of the 
existing markets. This may be true, but personal 
incomes have been reduced in real values not only 
in this country but throughout the world, and this 
fact, coupled with the increasing shortage of petrol, 
may well influence trade in favour of the British 
medium-powered car with its associated economy. 

As previously mentioned, there are but few 
foreign exhibitors at this year’s show; it has, 
therefore, lost part of its international character, 
and it is only possible to assess trends in the design 
of British cars. Generally speaking, there are no 
remarkable innovations in design and the years 
following the war can best be described as years of 
consolidation. Only two miniature cars of British 
manufacture are being shown, but this is not so 
anomalous as it would appear at first sight as the 
introduction of the 101. flat-rate tax removed the 
major reason for their popularity. Furthermore, 
the economy and performance of the 10 h.p. types 
of engine have been improved to such an extent 
as to rival those of the smaller models. The most 
striking alteration is in body design, which, in many 
cases, has been modelled on that prevalent in 
America. This is particularly noticeable at the 
front ends of some cars, the bonnets of which sweep 
down to meet the front bumper car, the radiator 
being eompletely enclosed. Cooling air is admitted 
through an ornamental grille, but in some cases it 
may be questioned whether ornamental is the cor- 
rect word to use. Headlamps are being sunk into the 
wings, and while this may improve the car’s appear- 
ance, it certainly does not render adjustment any 
easier. In fact, the whole treatment of the front 
end of some cars tends to add to the difficulties of 
maintenance, as in many instances it is almost 
impossible to obtain access to engine components 
without removing parts of the body work. 
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There is a definite trend towards placing all seats 
within the wheelbase, an arrangement which gives 
more comfortable riding for the rear passengers, the 
space required having been obtained by placing the 
engine farther forward. Bodies also are being made 
wider and, in many instances, it is possible to seat 
three people abreast in the front seat ; as a conse- 
quence, bucket seats are being replaced by bench- 
type seats. Generally, the extra width has been 
gained by bringing the body out to the full width 
of the wings, running boards having virtually dis- 
appeared. On some cars, however, the extra 
width has been obtained by extending the front 
wings rearward and the rear wings forward so 
that they meet, the extended portions of the 
wings forming the door panels. The increased 
width made available with this arrangement, 
however, has not always been used to full advantage, 
as in some cases the body has not been brought 
out to the full width of the wings, a shoulder being 
formed where the wings and upper portion of the 
body meet, the main result being doors of extra- 
ordinary thickness. 

Apart from the changed style of body work, 
however, there has been little departure from 
established practice. Slightly more cays are fitted 
with four-cylinder engines, probably because of 
their greater economy and the fact that this type 
of engine is easier to produce. Engines fitted with 
overhead valves are definitely in the majority, 
and in several cases Overhead camshafts are used, 
the lobes of the cams acting directly on the valve 
stems. Increasing use is being made of cylinder 
liners, generally of the dry type, and valve-seat 
inserts, while replaceable bearings of the thin-wall 
type are fitted to nearly all engines. 

So far as gearboxes are concerned, the position 
remains much as in previous years, the four-speed 
type of gearbox having a preponderance over the 
three-speed type. Self-change gearboxes have 
neither gained nor lost ground and are fitted to 
approximately the same proportion of cars as 
hitherto. The conventional type of gearbox, in 
which the ratios are engaged by synchronising 
elements, is still the most popular; it is cheap to 
produce, makes gear changing exceptionally easy 
and requires no skilled maintenance. The centrally 
located gear-shift lever, however, is losing ground 
in favour of a gear lever mounted on the steering 
column. This is a logical development as it leaves 
a clear floor and allows full advantage to be taken 
of the increased passenger space. So far as can 
be ascertained, only one manufacturer is fitting an 
over-drive ratio. This is surprising as, in favourable 
circumstances, the use of an over-drive can give 
high cruising speeds with low engine speeds and 
correspondingly low fuel consumptions. 

The rigid axle and open propeller shaft is still 
the most popular arrangement for the final drive. 
The hypoid bevel wheel and pinion is being employed 
more widely and is fitted to nearly half the cars in 
the show, its use allowing a reduction in the size 
of the propeller-shaft tunnel. On many cars, the 
propeller shaft has been shortened by fitting a 
tailshaft-extension housing to the rear of the 
gearbox; in addition to shortening the propeller 
shaft, the housing also accommodates the telescopic 
joint. The usual form of semi-elliptical leaf spring 
is employed for the rear suspensions of nearly all 
cars, but there is one car of the luxury class which 
employs independent springing at this point. For 
the front end, independent suspension is fitted to 
nearly every car. In the majority of cases, coil 
springs are used in conjunction with short radius 
arms, but quite a large proportion of cars are 
fitted with torsion-bar springs. 





“ MANAGEMENT ABsTRACTS.”—The British Institute 
of Management, 17, Hill-street, London, W.1, are issuing 
@ new monthly publication entitled ‘‘ Management 
Abstracts.” This contains a digest of material on current 
developments in management science published in all 
Parts of the world. The subjects dealt with include 
general management and organisation, works manage- 
ment, personnel and welfare, distribution, transport, 
statistics, and education and training. The subscription, 
for non-members of the Institute, is 30s. per annum, 
while additional single copies are 3s. each, post free. A 


AUTOMATIC CONTROL OF 
ACCELERATION ON TROLLEY 
*BUSES. 


THE control of electric trains operating on direct- 
current by the multiple-unit system has been common 
practice since the beginning of the century. As is 
well known, in this system a master controller in the 
driver’s cab is used to operate sets of contactors on 
each motor car. These contactors, in turn, are em- 
ployed gradually to cut the starting resistance out of 
circuit and to switch the motors over from series to 
parallel, so that full speed is attained. In the early 
days, the rate at which this “notching up” was 
effected was entirely in the hands of the driver, but 
for many years it has been customary to control it 
automatically by means of current, or accelerating, 
relays. These relays are fitted with a main coil through 
which the armature current flows and with two shunt 
coils in the hollow cores of which a plunger operating 
a contact disc moves up and down. These contact 
discs form part of a control circuit, which is combined 
with interlocks on the contactors in the main circuit. 
When the master controller is placed on the first 
running notch, the appropriate contactor in the main 
circuit is closed, so that a section of starting resistance 
is cut out and a current passes through the armature, 
the strength gradually diminishing as the motor gains 
speed. This current also passes through the main coil 
of the relay and at first is sufficiently high to overcome 
the tendency of the associated shunt coils to close its 
contacts and thus to release the interlocks on the next 
main contactor in the series. When, however, the arma- 
ture current has fallen to a predetermined level these 
contacts close, thus releasing the interlocks and enabling 
the next main contactor to close in turn and another 
section of the starting resistance to be cut out. The 
interlocks on this contactor are released in turn in the 
same way when the armature current has again fallen 
to an appropriate value. The starting resistance is 
therefore gradually and automatically cut out and 
smooth acceleration is effected by means of a com- 
bination of time and current control. 

Until recently, a system of this kind was considered 
to be an unnecessary refinement on road vehicles, the 
“notching” being left entirely in the hands of the 
driver. It is now, however, recognised that similar 
methods to those used on railways have the advantages, 
especially on trolley ’buses, of relieving the driver from 
strain and of allowing him to make a quick “‘ get away ” 
in traffic without the risk of operating the circuit- 
breaker by notching-up too quickly. They also prevent 
a too rapid acceleration, with the resultant discom- 
fort to passengers and detriment to the equipment. 
A system embodying these features, which might 
perhaps be most correctly described as “limited maxi- 
mum acceleration control,” has, therefore, been de- 
signed by the British Thomson-Houston Company, 
Limited, Rugby, and has been in use for nearly two 
years in Nottingham, where at present two ‘buses 
equipped with the necessary apparatus are in service, 
while five more are being converted. 

These trolley ’buses are driven by an 85-h.p. com- 
pound-wound motor, which is started by connecting it 
to the 500-volt line through a resistance with both fields 
at fullstrength. This resistance is gradually cut out and 
the shunt field weakened as the speed of the motor 
increases, while finally the series field is also reduced 
by passing some of the main current through a diverting 
resistance. On the Nottingham trolley ’buses these 
operations are effected automatically by depressing a 
pedal, the period during which acceleration occurs 
being divided into three stages. In the first stage, the 
resistance in the motor circuit is high and the field is 
weak, so that the tractive effort necessary to obtain 
the required acceleration is smoothly built up step 
by step. During the second period, full excitation 
is applied and the resistance is progressively cut out, 
while in the third the field is weakened in such a way 
that the tractive effort necessary for acceleration is 
maintained constant. Experience has shown that it is 
desirable, in order to increase the rate of acceleration 
without loss of time, to pass quickly through the first 
stage, while in order to maintain the acceleration 
constant, once the required value has been obtained, 
the second stage must be traversed more slowly. The 
third stage can al8o be negotiated quickly, since 
the time-constant of the motor field is sufficient to 
prevent the current or tractive effort from becoming 
excessive, even when, as is the normal pra¢tice, the 
vehicle is designed to accelerate at at least 0-5 m.p.h. 

r second when climbing the maximum gradient at 

ull load. These considerations have led to the con- 
clusion that current control is only necessary during 
the second period, a small amount of time control alone 
being sufficient during the other two. 

Working on these principles, the control equipment 
on the Nottingham trolley *buses has been provided 
with ten notching points, of which Nos. 5, 6 and 7 are 
controlled by “ volt-drop” relays. These relays have 


circuit, while the other is connected across a section of 
the starting resistance. When the current through 
a particular section falls to a predetermined value 
during the starting period, the appropriate relay drops 
out and enables the pick-up coil on the relay associated 
with the next contactor to be energised so that it can 
operate in turn. By depressing a button, resistance 
can be inserted in series with the relay coils so that 
they will not operate until a higher current than normal 
passes through the starting resistance. This enables 
exceptional gradients and heavier loads than usual to 
be dealt with while automatic control is still in operation. 
On the other hand, notching points Nos. 2 and 3, and 
the field-weakening points, Nos. 8, 9 and 10, are merely 
fitted with sequence interlocking. This ensures that 
there is an interval of about 0-15 second between the 
time at which one contactor is closed and the interlock 
for the next is released. 

The remaining notching point, No. 4, is controlled 
by a special single-coil relay, which is normally set to 
give a delay of about 0-75 second between the time 
its contactor closes and the interlock of No. 5 is released, 
although it can be adjusted for other intervals. The 
object of this is to make certain that the vehicle 
will accelerate smoothly when it is lightly or heavily 
loaded. To ensure this in the case of light loading, 
the current at the first current-control point, No. 5, 
must fall to a value which will enable the relay to release 
the subsequent interlock. When the vehicle is heavily 
loaded, however, the current may not fall to this 
value, with the result that the vehicle will not accelerate 
after the controller has passed point No. 4. This 
is obviated by designing the relay so that the interlock 
will be released irrespective of the value to which the 
current has fallen on this notching point. 

The resistances, which now form part of the electrical 
equipment of the trolley "buses made by the British 
Thomson-Houston Company, consist of aluminium- 
chromium alloy-steel strip, which has a high specific 
resistance, a negligible temperature coefficient and is 
virtually resistant to corrosion. The strip forming each 
unit is wound edgewise to give rigidity, and a good 
electrical and mechanical joint, which is unaffected 
by increases in temperature, is obtained by welding the 
terminals to it. The insulating supports on which 
the resistances are mounted are of ceramic material, 
which is also unaffected by the heat caused by excep- 
tional overloading. To provide protection against 
road splash, the units are carried in a duct or in a box 
with a canopied top. In the latter design, which is 
that used on the Nottingham "buses, the insulating 
supports are all inside the box, which is earthed to the 
frame. The bottom of the box is louvred and the air 
a i arranged so that dirt cannot find its way into 
the box or on to the insulating supports. 

It may also be mentioned that one of the Nottingham 
*buses is equipped with fluorescent lighting. This instal- 
lation consists of pairs of 30-watt lamps, each of which 
has its own starter switch and is controlled by a common 
choke coil. As the supply is direct-current at 500 volts, 
40-watt 110-volt traction lamps are provided as ballast 
and are used for illuminating the front, rear and side 
indicators. The fittings consist of a cast-aluminium 
frame, which forms the inner face of the cavity above 
each window and carries a back plate, which acts as a 
reflector and upon which the control gear is mounted. 
This plate is made of insulating material so as to provide 
secondary insulation for the whole equipment. The 
diffuser and end caps are attached to the front of the 
frame. A further accessory is a change-over switch 
for reversing the polarity, as is necessary when direct- 
current is used, to prevent blackening at oneend. This 
switch can be operated manually so that the polarity is 
reversed whenever the lamps are switched on, or auto- 
matically at five-hour intervals during the lamp 
burning time. 





LECTURE ON FRENCH AIRCRAFT GAS TURBINES.—On 
Thursday, November 11, a paper entitled ‘‘ French Air- 
craft Gas Turbines,” by Mr. M. Destival of the Campagnie 
Electro-Mécanique, will be read before the Royal Aero- 
nautical Society at 6 p.m., at the Institution of Civil 
Engineers, Great George-street, London, S.W.1. The 
paper will be read, in English, by Mr. M. Bidard, engineer- 
in-chief of the Campagnie Electro-Mécanique. 

THE LATE Mr. C. C. BARKER.—We note with regret 
the death of Mr. Cecil Charles Barker, which occurred 
after a short illness at Esher, Surrey, on October 22. 
Mr. Barker, who was the son of the late Mr. Alfred 
Barker, of Esher and Constantinople, had been joint 
managing director and secretary of Messrs. Auto-Klean 
Strainers, Limited, Auto-Klean House, 115, Staines-road, 
Hounslow, Middlesex, since the company’s formation 
in 1923. Before joining the company he had been called 
to the Bar and, during the war of 1914-18, served as 
an intelligence officer to Field-Marsbal Lord Milne. Mr. 
Barker was also chairman of the Improved Submerged 
Log Company, Limited, and became an associate of the 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ Licuneo.”—Twin-screw cargo vessel, carrying 
12 passengers, built by The Grangemouth Dockyard 
Company, Limited, Grangemouth, for the Empreza do 
Limpopo, Ltda., Delagoa Bay, Mozambique. Main 
dimensions : 235 ft. by 36 ft. 6 in. by 20 ft. 6 in. to shelter 
deck; deadweight capacity, 1,100 tons. Two eigat- 
cylinder Diesel engines constructed by Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport, together develop- 
ing 1,296 b.b.p. Trial speed about 12? knots in ballast. 
Trial trip, September 30. 


M.S. “ FuLtHamM X.”—Single-screw collier, specially 
designed for navigation on the River Thames, built by 
Messrs. Hall, Russell and Company, Limited, Aberdeen, 
for the British Electricity Authority, London Division. 
Main dimensions: 260 ft. (between perpendiculars) by 
39 ft. 6 in. by 18 ft. 9 in.; deadweight capacity, about 
2,600 tons on a dranght of 17 ft. 6 in. Two-cycle Diesel 
engine of 1,520 b.h.p., coupled to a double-helical single- 
reduction gearbox by an electro-magnetic slip coupling, 
constructed by Messrs. British Polar Engines, Limited, 
Glasgow. Mean trial speed, fully loaded, over 12 knots. 
Trial trip, October 13. 


S.S. “Pactric Untry.”—Single-screw refrigerated 
cargo-vessel, carrying 12 passengers, built by Sir James 
Laing and Sons, Limited, Sunderland, for Messrs. Furness, 
Withy and Company, Limited, London, E.C.3, for their 
United Kingdom /West Coast of North America service. 


Main dimensions: 497 ft. by 63 ft. 2 in. by 41 ft.; dead- | f, 


weight capacity, 11,420 tons on a draught of 29 ft. 7} in. 
Parsons steam turbines, with two Yarrow-type water-tube 
boilers. Service speed of 154 knots. Trial trip, October 14. 


M.S. “ Brrrrany Coast.”—Single-screw coaster for 
coal and general cargoes, built by The Burntisland Ship- 
building Company, Limited, Burntisland, Fife, for the 
British Channel Islands Shipping Company, Limited, 
London, E.C.3. Main dimensions: 170 ft. (between 
perpendiculars) by 28 ft. by 11 ft. 11 in.; deadweight 
capacity, 675 tons on a load draught of 11 ft. 9§ in. 
Five-cylinder Diesel engine of 800 b.h.p. constructed by 
Messrs. British Polar Engines, Limited, Glasgow, and 
installed by the builders, giving a speed of 11 knots. 
Trial trip, October 15. 


Lieut VESSELS.—Built by Messrs. Philip and Son, 
Limited, Noss Shipyard, Dartmouth, for the Corporation 
of Trinity House, London, E.C.3. Sixth of a series of 
nine. Main dimensions: 130 ft. by 25 ft. by 15 ft.; 
gross tonnage, about 350. The lantern contains six 
500-watt lamps giving a beam visible for 10 to 12 miles. 
Handed over on completion, October 15. The eighth 
vessel of the series was launched on the same day. 


S.SS. “‘SaBaRMATI” and ‘“ SARASVATI.”—Single- 
screw cargo liners carrying 16 first class, 24 second class 
and 1,200 deck passengers, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Bombay 
Steam Navigation Company, Limited, Bombay. Main 
dimensions: 343 ft. by 52 ft. 6 in. by 28 ft. to upper 
deck ; gross tonnage, about 3,800. Both vessels fitted 
with Parsons triple-expansion single-reduction geared 
turbines of 5,700 s.h.p. Launch (both vessels), October 19. 


M.S. “ British YEOMAN.”—Single-screw tanker, built 
by the Furness Shipbuilding Company, Limited, Haver- 
ton Hill, Co. Durkam, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 490 ft. 10 in. 
by 61 ft. 9 in. by 33 ft. 11 in.; deadweight capacity, 
12,250 tons on a summer draft of 27 ft. 6 in. Four- 
cylinder North Eastern Marine-Doxford opposed-piston 
reversible oil engine of 3,100 b.h.p., installed by Messrs. 
Ricbardsons, Westgarth and Company, Limited, Hartle- 
pool. Launch, October 20. 


S.S. “Irish WiILLow.”—Single-screw cargo vessel, 
carrying 12 passengers, built and engined by Wm. Gray 
and Company, Limited, West Hartlepool, for the Baltic 
and Mediterranean services of Messrs. Irish Shipping 
Limited, Dublin. Main dimensions: 303 ft. 5 in. by 
44 ft. by 25 ft. 6in. to shelter deck ; deadweight capacity, 
about 2,200 tons on a draught of 19 ft. Triple-expansion 
engines, with two oil-fired boilers, developing a service 
speed of over 12 knots, Trial trip, October 22. 


M.S. “‘ ATHELKNIGHT.”’—Single-screw cargo vessel for 
the carriage of molasses in bulk, built by Sir James 
Laing and Sons, Limited, Sunderland, for the Athel 
Line, Limited, Park-lane, London, W.1. Main dimen- 
sions: 465 ft. (between perpendiculars) by 63 ft. 2 in. 
by 34 ft. 7 in.; deadweight capacity, 12,840 tons on a 
draught of 28 ft. 24 in. Four-cylinder Doxford-type 
engine, supplied by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne, giving a 
service speed of 124 knots. Trial trip, October 27. 

S.S. “‘ Mary.”—Single-screw cargo vessel, built and 
engined by Messrs. Wm. Gray and Company, Limited, 
West Hartlepool, for Mr. N. G. Livanos, Piraeus, Greece. 
Main dimensions: 431 ft. (between perpendiculars) by 
57 ft. 6 in. by 38 ft. 3 in. to shelter deck; deadweight 
capacity, 10,000 tons on a draught of 26 ft. 3in. Triple- 
expansion engine, with three oil-fired boilers, giving a 
service speed of 11} knots. Launch, October 30. 








LABOUR NOTES. 


A pEPUTATION from the Post Office Engineerin 
Union waited on the Postmaster-General, Mr. Wilfred 
Paling, on Monday, to press the union’s demands for 
wage increases varying from 7s. to 18s. weekly, accord- 
ing to grade. The claim was originally put forward by 
the union in March and was rejected by the Postmaster- 
General early in September, when he informed the 
union that their demands could not be dealt with at 
the present time owing to the implications of the 
Government’s White Paper on “ Personal Incomes, 
Costs and Prices.” The union continued to press their 
claim, however, and there were signs last week of some. 
impatience at the delay in obtaining a definite answer 
to their representations. The union’s President, Mr. 
Ernest Power, said then that while the union’s loyalty 
to the Government still remained, it had been seriously 
strained. 





According to a statement issued afterwards, the 
deputation to Mr. Paling was not satisfied with the 
reply which was received and a full meeting of the 
union’s executive council met yesterday to consider 
the position. The details of the reply have not been 
disclosed, but there is reason to believe that the 
Postmaster-General has not varied very greatly his 
previous attitude to the union’s claims. Some 55,000 
members of the union, employed in the stores and 
engineering branches of the Post Office, stand to benefit 
rom any increases which may be ted. It was 
announced some weeks ago that a ballot of the union’s 
membership would be taken at an early date to deter- 
mine whether the union’s rules should be altered to 
allow strike action. 





The first session of the Anglo-American Council on 
Productivity, which has lasted a fortnight, is drawing 
to aclose and the Councilis now considering what recom- 
mendations it can make to assist British industry to 
promote greater production. The first week was devoted 
to discussions, but on October 27, when the Trades 
Union Congress members were attending the monthly 
meeting of the Congress General Council, the 
United States section of the Council visited electrical 
and mechanical engineering works, and clothing, radio 
and tyre factories in the London area. While no 
specific recommendations had been decided upon at 
the end of last week, the discussions which took place 
were frank and cordial, and covered a great deal of 
ground. Among them were, it is understood, mechani- 
sation, production methods, organisation, costing, time 
and motion study, and quality control. Britain’s 
shortages of raw materials were also discussed. 





The emphasis during the past week has been on 
visits, and the United States section of the Council 
has been to representative factories and workshops 
engaged on some of the most important sections of 
Britain’s export trade. The industries visited have 
included those producing machine tools, motor-cars, 
food and tyres, at Birmingham ; ships and mechanical 
engineering products at Glasgow; wool, at Bradford; 
anid pottery, at Stoke. It is known that among the 
suggestions put before the Council was one for holding 
the next session in America, and another for sending 
parties of British workpeople to the United States to 
study production methods there. 





Speaking at Bristol last Saturday, Sir Stafford 
Cripps, Chancellor of the Exchequer, said that the 
Government had considered very carefully the question 
of making overtime free of income tax, as an incentive 
to increased production, but that “it was really 
quite impossible” to do. Sir Stafford said that a 
great many ae had to work overtime without 
getting any pay for it. The majority of civil servants 
were an example. “It would be necessary to devise 
some system whereby some part of the general salary 
was assumed to be paid for overtime,” he stated, and 
added that, in any case, any system of tax-free over- 
time would induce employers and workpeople alike 
to cut down working hours. 





In answer to a criticism that workpeople were tired 
of being asked to work harder, Sir Stafford Cripps, at 
another Bristol meeting last Saturday, replied that the 
Government was not asking people to do more work, 
but to work more intelligently. He declared that 
nothing must be allowed to stand in the way of more 
production. Britain’s contribution to European 
recovery, which would be placed at the disposal of 
European countries = g our aid, would cost the 
country the equivalent 125,000,0001. during the 
present year. 





Dealing with the question whether British work- 
people-were less productive than American, Sir Stafford 
said: ‘It is an extremely difficult thing to measure 


€ | used in 





—— 


because it depends so much on how much horse-power 


is used per workman. The horse-power per workman 

erica is greater than is the case here. There 
is, also, a greater degree of mechanisation in America, 
But if you take a straight job on the same mach inery 
as between the British and the American workman, 
and if you have a decent management, you wil! find 
that they compare very favourably.” 





The committee which was appointed jointly by the 
National Coal Board and the National Union of \ine. 
workers, under the chairmanship of Sir Donald Fer. 
gusson, to find means of obtaining progressive improve. 
ments in coal production, itself set an example of hard 
work and efficiency by completing its deliberations and 
presenting its report on October 27, only a fortnight 
after its first meeting. This was accomplished as the 
result of a series of daily mage The committce’s 
ee were endorsed on the following day by the 

Board and the union’s executive committee, 
They are to be circulated to all branches of the union 
with a recommendation of acceptance. The joint 
committee stresses the need for the prompt increase in 
the number of miners at the coal face. It recommends 
the rapid opening up of new faces; quicker means of 
upgrading suitable men as more faceroom becomes 
available ; the amendment of regulations which delay 
the training of men forfacework ; and that miners’ lodges 
be urged to waive objections to foreign miners, whose 
employment would release other men for upgrading to 
facework. 





The establishment of joint attendance committees, 
representative of management and miners, at each pit 
is another recommendation, which is expected to be 
implemented in most areas. Such committees will 
interview each week men who have missed shifts during 
the preceding four weeks without giving satisfactory 
explanations. Offenders will first be warned and those 
whose attendances fail to improve will be liable to incur 
fines. Extreme cases of absenteeism will be dealt with 
by the managements and may take the form of dis- 
missal or prosecution for breach of contract. Both the 
Coal Board and the union recognise that regular attend- 
ance at every shift of a properly balanced labour force 
is essential to efficient production and the union will 
not give Support to miners disciplined by the pit man- 
agements for voluntary absenteeism. 





Increased efforts will be made by the Coal Board 
and the union to secure full production from the five- 
day week agreement and joint steps will be taken to 
encourage all pits to implement to the full the extended 
hours agreement, which provides for a half-hour's 
overtime on each shift and for voluntary Saturday 
shifts. The results of the five-day week agreement have 
been disappointing in many places, and the Saturday 
shifts and overtime working have also produced poor 
results to date. No agreement seems to have see 
reached on the suggestion for an early revision of the 
cost-of-living bonus. 


It is announced that the Wales Regional Coal Board 
have decided to close the Steer and East pits at Gwaun- 
Cae-Gurwen, Glamorgan, as from November 15, in 
consequence of the tendering of strike notices by 1,050 
of the 1,608 miners employed there. The notices, 
which expire next Monday were handed in on October 25 
because the men objected to an umpire’s award which 
revised the rates of pay for certain classes of work. 
The Board states that, since the tendering of the 
notices to cease work, production per man-shift had 
declined from 11-67 cwt. to 6-5 cwt. and that, during 
the six months ending June 30, these two pits together 
incurred a loss of 596,4351., equal to 45s. 10d. for each 
ton of saleable coal which they produced. A meeting 
of representatives from pits in many parts of Wales, 
held at Swansea last Monday, advised the miners 
concerned to cancel their notices. 





The claim of railway shopmen employed on inspec- 
tion and maintenance work on electric trains for an 
allowance of 33$ per cent. on the existing basic rates 
paid to workshop grades in locomotive running sheds 
was allowed by the industrial court on November 2. 
The court’s announcement declared, however, that the 
award was made pending the consideration and deter- 
mination of any payments-by-results scheme. 





As the result of an agreement, on November 2, 
between the Engineering and Allied Employers’ 
National Federation and the unions representing 
some 180,000 to 200,000 women, engaged in the engi- 
neering industry those aged 18 and over, will receive an 
increase of 4s. weekly in their national bonus. There 
will be proportionate increases for the younger ages. 
The increases will be retrospective, commencing from 
the first full pay week after October 4. 
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THE EFFECTS OF ELECTROLYSIS 
UPON THE STRENGTH OF 
REINFORCED CONCRETE. 


A TECHNICAL report (Reference O/T3) on “ The 
Effects of Electrolysis upon the Strength of Rein- 
forced Concrete ” has recently been published (price 6s.) 
by the British Electrical and Allied Industries Research 
Association, 15, Savoy-street, London, W.C.2. This 
report, which has been prepared by Dr. G. Mele, sum- 
marises the investigations on this subject carried 
out between 1936 and 1947. At the beginning of 
this period the increasing use of reinforced concrete 
structures to support electrical equipment had led 
to a demand for information on the possible effect 
of electrolysis from leakage currents on the strength 
of this material. Work on the subject had already 
been carried out by the Bureau of Standards in the 
United States and had led to the following conclusions. 
The passage of current through concrete has no effect 
on its crushing strength except in the immediate 
Vicinity of the electrodes. When the steel reinforce- 
ment is made anodic, insoluble corrosion products 
are formed on its surface, and, if sufficiently copious, 
these corrosion products will develop a mechanical 
Pressure which may crack the concrete. When the steel 
reinforcement is made cathodic, electrolysis has no 
deleterious effect providing there is ne appreciable 
amount of alkali salts in the concrete. If such salts are 
Present, as when the concrete has been mixed with sea- 
water or when salt has been added to the mix to lower 
the freezing point, electrolysis leads to the formation of 
alkali hydroxides at the cathode. These hydroxides 
attack the concrete around the reinforcement, softening 
it, and impairing or destroying the bond. The 
of direct-current through concrete has the effect of 
increasing its electrical resistance. This increase is 
caused largely by the formation of calcium carbonate 
in the concrete near the cathode. If alkali salts or 
chlorides are present in the concrete in appreciable 
quantities, the formation of calcium car te is 

bited and the increase in resistance does not occur. 
effects observed are all dependent upon the 
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application of a relatively high current density. No 
damage is found to occur on specimens subjected to a 
steady direct-current at less than 15 volts, however 
long this is maintained. Little damage is thus to 
be expected from leakage currents in practice, except 
where the leakage is abnormally high. 

The investigation undertaken by the British Electri- 
cal and Allied Industries Research Association was put 
in hand in order to obtain cenfirmation of the Bureau of 
Standards work and to extend the study to cover the 
effects of alternating-current electrolysis and the 
influence of both direct- and alternating-current electro- 
lysis upon the bond under conditions where there is no 
visible change at the surface of the reinforcing. In the 
course of the work on bond strength it was observed 
that a large increase in this strength occurred in a 
number of specimens subjected to a particular treat- 
ment. Since this feature offered promise of some advan- 
tage, this particular aspect was explored in some detail. 

The first part of the investigation was a general 
experimental examination of the effects of direct- and 
alternating-current electrolysis upon reinforced con- 
crete. The results of the tests made with direct-current 
confirmed the conclusions derived from the Bureau of 
Standards work. In particular it was found that 
specimens subjected to 50 volts and 200 volts with the 
reinforcement anodic developed a considerable quantity 
of corrosion product at the surface of the reinforcement 
and that the mechanical pressure arising from the forma- 
tion of this compound became sufficient to crack the 
concrete within a few weeks. This is shown in Figs. 1 
and 2, which illustrate the effect with 200 volts and 
the central electrode positive and in Figs. 3 and 4 with 
50 volts. Softening of the concrete near the cathode 
was also observed in the case of specimens subjected 
to 50 volts and 200 volts, as shown in Fig. 5, although 
no attempt was made to correlate this with the presence 
of alkali salts as in the Bureau of Standards work. In 
view of the American results quoted above, it must be 
inferred that some alkali salts were present, although 
there was no deliberate additon of such salts. measure- 
ments of resistance showed that direct-current electro- 








lysis had the effect of increasing the resistance of the 
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specimens. Theincrease wasconsiderablefor specimens 
subjected to the higher voltages, those specimens sub- 
jected to 200 volts increasing in resistance by the order 
of 50 to 1 in 11 weeks. The inérease was greater for 
specimens subjected to anodic treatment (i.e., treatment 
in which the reinforcement was anodic) than for those 
subjected to cathodic treatment. It is fairly clear that 
the increase in resistance was associated with the forma- 
tion of corrosion products on the surface of the anode 
and with the deposition of calcium carbonate within the 
concrete near the cathode. Measurements of tem- 
perature showed a rapid initial rise followed by a slow 
fall consistent with the observed changes in resistance. 
The second part of the investigation was a quantita- 
tive examination of the effects of electrolysis upon 
the bond strength of reinforced concrete under con- 
trolled conditions, to determine whether those condi- 
tions of electrolysis, which were previously observed to 
produce no visible change at the surface of the reinforce- 
ment, could in fact damage the bond over a prolon, 

period of time. Only cathodic conditions were there- 
fore included among the direct-current tests, and the 
specimens were subjected to a relatively low voltage 
for a long period, namely 16 volts for 20 months. 
Resistance measurements made during this period 
showed @ regular increase to a final value, which was 
about five times the initial value. The increase might 
have been caused either by the formation of corrosion 
product at the anode or by the deposition of calcium 
carbonate near the cathode. Since the area of the 
cathode was considerably less than that of the anode, 
the latter alternative appears to be the more probable. 

When the specimens were tested for bond strength 
at the end of the period of electrolytic treatment, it 
was found that the specimens subjected to cathodic 
direct-current treatment had a bond strength consider- 
ably greater than that of untreated imens. With- 
drawal of the reinforcement also revealed that, in the 
case of the cathodic direct-current specimens, there 
was a copious adherent deposit of calcium carbonate 
upon it, which was not present in the case of other 
specimens. This deposit is shown in Fig. 6, in which the 
specimen marked 12 is the control specimen, specimen 
31 has been subjected to an alternating voltage of 
15 volts and specimen 20 to an alternating voltage of 
50 volts. In the same illustration, specimens 39 and 
40 have been subjected to a direct-current voltage of 
16 volts cathodic. The increase*tin bond strength thus 
appeared to be associated with the formation of the 
calcium carbonate deposit at the cathode. Chemical 
analysis of specimens of concrete taken from regions 
of high current density near the cathode and low 
current density near the anode showed no significant 
difference in the composition of the concrete in these 
two regions. It was therefore concluded that the 
electrolytic treatment had no effect upon the com- 
position of the concrete and would not affect its bulk 
strength. Because of certain deficiencies in the tech- 
nique employed for the preparation of specimens, the 
bond-strength values were found to have large disper- 
sions. The existence of these dispersions made it 
possible to establish a correlation between the bond 
strength and the state of setting of the concrete, the 
latter being derived from a chemical analysis of the 
concrete. 

As a result of this work it was shown that the un- 
treated specimens exhibited a satisfactory correlation 
between the bond strength and the state of setting of 
the concrete. The cathodic direct-current specimens 
were not included in this correlation and had values of 
bond strength which were seen to be two to three times 
greater than that of untreated control specimens which 
had reached the same state of setting. It is known that 
the bond between the reinforcement and the concrete 
consists of two distinguishable components, namely 
(i) a frictional component due to the existence in the 
concrete of radial compression developed as the con- 
crete sets, and (ii) an adhesive component which 
depends upon the conditions at the interface. This is 
not related to the state of the bulk of the concrete and 
is therefore independent of the state of setting. It is 
thus clear that the increase in bond strength caused by 
the cathodic direct-current treatment was not asso- 
ciated with any change in the bulk of the concrete, but 
was the result of an increase in the adhesion between 
the concrete and the reinforcing. It is also clear that 
the increase in adhesion may be attributed to the 
deposition of calcium carbonate at the interface. 

The third part of the investigation was directed 
towards the exploration of a wider range of electrolytic 
treatment than that covered previously, with the 
objects of (i) determining whether a treatment could 
be found which would produce a substantial increase 
in bond strength and which would be suitable for 
application as part of a manufacturing process ; (ii) 
determining the conditions under which reinforced 
concrete may be subjected to cathodic direct-current 
electrolysis without risk of ore to the bond. In 
all the previous tests the electrolytic treatment had 
been defined in terms of the voltage applied to the 





specimen, since this provided an easy means of relating 
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the test conditions to practice. This procedure is 
unsatisfactory when more accurate observations are 
required, since the effects of electrolysis are related 
primarily to the current. In the following tests the 
electrolytic treatment is defined in terms of current 
density. For the range of current densities used, the 
voltages across the specimens were less than 20 volts, 
except when i occurred, and approximately 
1 volt of this was due to polarisation. At first, speci- 
mens were subjected to a wide range of electrolytic 
treatment (covering 20 micro-amperes per square 
centimetre to 6 milliamperes per square centimetre and 
2 days to 28 days) and were tested for bond strength 
approximately ll weeks after mixing, immediately 
upon termination of the electrolytic treatment. Under 
these conditions, no increase in bond strength was found 
to occur. It was found that when the current density 
did not exceed 20 micro-amperes per square centimetre, 
the bond strength remained unchanged, while when the 
current density became 2 milliamperes per square centi- 
metre or more the bond strength was seriously reduced, 
and in some cases the bond was effectively destroyed. 
This destruction of the bond was thought to be asso- 
ciated with the liberation of gas during electrolysis. 
No softening of the concrete at the cathode was 
observed under any of the conditions tested, and since 
precautions had been taken to ensure that no alkali 
salts were present, this may be taken to confirm the 
American result that such softening only occurs with 
presence of alkali salts. 

It is thus clear that an increase in bond strength 
associated with cathodic direct-current electrolysis is a 
secondary effect, and that electrolysis alone will not 
lead to the deposition of calcium carbonate at the 
cathode. In order to form calcium carbonate it is 
necessary to bring together Ca-- ions and CO’ ions. 
Cathodic electrolysis will bring Ca-- ions to the inter- 
face but will also remove CO;’ ions, and the latter will 
be et only if they are replenished by the diffusion 
of dissolved carbon dioxide through the water in the con- 
crete more quickly than they are removed by electrolysis. 
There appearto be two ways in which Ca: - ions and CO,’ 
ions may be brought together at the cathode, namely : 
(«) by using a current density which is sufficiently low 
to allow the dissolved carbon dioxide to diffuse to the 
cathode more quickly than it is removed in the form of 
CO ions. This action may be slow, especially in its 
early stages when the carbon dioxide diffusing into 
the concrete may be almost completely taken up by 
the latter in the setting process, before reaching the 
reinforcement. This action is effective only for a pro- 


longed period of electrolytic treatment. (it) By apply- 
ing a short period of treatment at a relatively high 
current density in order to transfer calcium to the 
interface, followed by a period without electrolysis in 
which carbon dioxide will diffuse towards the interface. 

A test devised to examine the second of the above 
methods of treatment was made by subjecting speci- 


mens to a cathodic current density of 2 milliamperes 
per square centimetre for 14 days, followed by a further 
14 days in which specimens were stored in either carbon- 
dioxide-saturated water or carbon-dioxide-free water. 
Suitable control specimens were included in the test. 
This test gave the following results. The electrolytic 
treatment had no effect upon the bond strength of 
those specimens which were stored in carbon dioxide- 
free water. The electrolytic treatment had the effect 
on specimens subsequently stored in carbon dioxide 
saturated water of increasing the bond strength by 
17 per cent. In view of the above results, any treat- 
ment required for the production of a worthwhile 
increase in bond strength appears to be necessarily a 
long-term process. The increase available by electro- 
lytic treatment within the first 28 days after mixing 
may be expected to be of the order of 20 per cent. 
This would be quite inadequate to justify its appli- 
cation to the manufacture of concrete poles or similar 
products. Although it appears to be feasible to 
develop a treatment which could be applied within 
the first 28 days after mixing and which would pro- 
duce a substantial increase in bond strength after a 
period of the order of one year, such a delayed-action 
process would be of little value since the increase in 
bond strength so obtained would be merely superposed 
upon an existing increase due to the setting of the 
concrete. 

The first part of the investigation into the effects of 
alternating-current electrolysis showed that specimens 
subjected to various voltages from 5 to 240 volts for 
a period of three months exhibited no visible changes 
in the concrete or the reinforcement. Resistance mea- 
surements showed that, except when the power dissi- 
pation was sufficient to dry out the specimen, the 
resistance increased only slowly with time. This change 
was presumably associated with the setting of the con- 
crete and was not connected with any action at the 
ele :trodes as in the direct-current specimens. The 
second part of the investigation was concerned with 
examining the effect of alternating-current electrolysis 
upon bond strength. Specimens were subjected to 15 
and 50 volts for a period of 20 months, and control 
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specimens were also included in the test. The results 
of the test appeared to show a reduction in bond 
strength of about 40 per cent. in those specimens 
subjected to alternating-current electrolysis. However, 
a chemical analysis of the concrete in these specimens 
subsequently showed that there was a good correlation 
between bond strength and the state of setting of the 
concrete. This correlation was satisfied equally by the 
specimens subjected to alternating-current and by the 
control specimens. The decrease in bond strength must 
therefore have been due to the fact that the setting had 
been retarded in the alternating-current specimens. 
There was no evidence to support the view that the 
retardation of setting was associated with the electro- 
lytic treatment. 

The following conclusions may be drawn from the 
initial résumé and the results of the experimental 
investigation. The electrical resistance of reinforced 
concrete subjected to alternating-current electrolytic 
treatment increases slowly with time. This slow 
increase in resistance is probably associated with the 
setting of the concrete rather than with the treatment. 
The electrical resistance of reinforced concrete subjected 
to direct-current electrolysis increases rapidly with 
time, and the resistance after electrolytic treatment 
may be many times the resistance before treatment. 
If the concrete remains wet, the increasé in resistance 
is associated with the formation of corrosion product 
at the surface of the anode and with the deposition of 
calcium carbonate in the concrete adjacent to the 
surface of the cathode. The increase in resistance ma: 
be of the order of 5 to 1. If alkali salts are present in 
the concrete, calcium carbonate is not deposited near 
the cathode and the associated increase in resistance 
does not occur. If the energy dissipation within the 
concrete is sufficient to dry it out, then the resistance 
increase becomes much greater and may be of the 
order of 50 to 1. The passage of current through 
concrete has no deleterious effect upon its compressive 
strength at points outside the immediate vicinity of 
the electrodes. When the steel reinforcement is made 
anodic, insoluble corrosion products form on its surface 
and develop a mechanical pressure which may crack 
the concrete. No information is available on the 
effect of such corrosion products on the bond strength 
prior to fracture. Direct-current, electrolysis of re- 
inforced concrete with a current density not exceeding 
20 micro-amperes per square centimetre does not affect 
the bond strength at the cathode when the concrete is 
free from alkali. ~ 

Direct-current electrolysis of reinforced concrete 
which is free from alkali, using a current density of 
2 milliamperes per square centimetre or more, leads 
to a reduction of the bond strength at the cathode 
or to its effective destruction. In the latter case, the 
damage to the tond is probably associated with the 
liberation of gas at the cathode during electrolysis. 
If an appreciable quantity of alkali salt is present in 
the concrete (as, for example, in concrete mixed with 
sea-water), direct-current electrolysis leads to the 
formation at the cathode of alkali hydroxide which 
chemically attacks the concrete. The concrete round 
the cathode thus becomes soft and the bond may be 
destro In normal concrete, which is free from 
alkali salts, this effect does not occur. One of the 
effects of the direct-current electrolysis of reinforced 
concrete is to liberate calcium hydroxide at the cathode. 
This calcium hydroxide combines with carbon dioxide 
present in solution in the water to form calcium 
carbonate. If the conditions are such that carbon 
dioxide is present at the surface of the cathode, the 
calcium carbonate is deposited at the interface between 
the reinforcing and the concrete. This has the effect 
of increasing the adhesion between the reinforcement 
and the concrete, and a substantial increase in bond 
strength may be produced. Since the electrolysis 
removes carbon dioxide from the surface of the cathode, 
calcium carbonate can be deposited at the interface 
only if the period of electrolysis is followed by a period 
of rest, or the current density is sufficiently low to 
allow the carbon dioxide at the cathode to be replen- 
ished by diffusion more quickly than it is removed by 
electrolysis. In either of the above processes the 
formation of calcium carbonate at the interface must 
be slow, since carbon dioxide is removed from solution 
as it diffuses towards the reinforcement by the chemical 
action involved in the setting of the concrete. 

Although it is possible to increase the bond strength 
of reinforced concrete by a factor of 2 to 1 using a 
suitable treatment by the above method, this treat- 
ment required is necessarily of a long-term nature. It 
is thus not suitable for application to the manufacture 
of concrete poles or similar products. It is similarly 
not suitable for application to erected concrete struc- 
tures, since the increase in bond strength would be 
merely superposed upon an existing increase due to the 
setting of the concrete. It has not been established 
that alternating-current electrolysis can have any 
effect upon the bond strength of reinforced concrete. 
The results of the tests that have been made showed 
that alternating-current electrolysis did not affect the 


adhesion between the concrete and the reinforcement, 
An apparent reduction in the bond strength of 40 per 
cent. was associated with a corresponding change jn 
the state of setting of the concrete, but this could not 
be attributed to the electrolytic treatment. If a suff. 
cient dispersion in the state of setting exists amo 
specimens subjected to a bond-strength test, it js 
practicable to correlate the bond strength with the 
state of setting by means of a chemical analysis of the 
concrete, 





ELECTRICITY SUPPLY AT HESTON 
AND ISLEWORTH. 


In these days when concentration of generating plant 
is the guiding policy of the electricity supply industry, 
and large areas rather than parishes are regarded as 
the most rag mg oy, han for electrical distribution, 
the position in the Borough of Heston and Isleworth 
on the western outskirts of London is both anomaloy 
and interesting. The area of the borough is 7,261 acres 
and the population a little over 100,000. A supply of 
electricity was first given in the area in 1904 from a 
steam station on the three-wire direct-current system 
at 480 volts; part of the network is still supplied 
in this way through 14 feeders. The remainder is 
supplied on the alternating-current three-phase system, 
at 11 kV and 420 volts. Since 1928, local generation 
has been increasingly supplemented by supplies from 
the Metropolitan Electric Supply Company on the 
three-phase system at 22 kV, with the result that of 
the 96,959,090 kWh sold in the area in 1945-46 all but 
1,012,290 kWh were obtained by purchase. 

Thejpresent generating plant consists of a 1,500-kW 
Brush-Ljungstrom turbo-generator, a 1,250-kW Fraser 
and Chalmers turbo-alternator and two 450-kW 
Browett-Lindley reciprocating sets making a total 
installed capacity of 3,650 kW. The first of these sets 
generates three-phase current at 500 volts, its output 
being stepped up to 11 kV and used to supplement the 
incoming supply from the Metropolitan Company's 
mains. A part of this 11-kV power is transmitted to 
feeders operating at that voltage and also to two 
mercury-are rectifiers with an aggregate capacity of 
1,500 kW. Another part is stepped down to 3 kV 
and supplies one feeder at that voltage as well as two 
rotary converters with an aggregate capacity of 950 kW. 
The remainder is stepped down to 420 volts and supplies 
the auxiliary circuits in the generating station and a 
number of outgoing feeders to the low-tension system. 
The other generating sets supply the direct-current 
network, which is also fed through the rectifiers and 
rotary converters that have been mentioned above. This 
network can further be supplied from a 5,000 ampere- 
hour Chloride battery. This battery is charged bys 
reversible booster, the motor of which is supplied from 
the 11-kV ’bus-bars through a separate transformer. 

The existing plant is now being supplemented by two 
1,000-kW General Motors 567-B Diesel engines, which 
are being supplied by Messrs. B.C.S. (Engineers and 
Contractors), Limited, 3, Castle-street, Cardiff. These 
engines, which run at 750 r.p.m., are direct coupled to 
three-phase alternators, which supply the 420-volt 
*bus-bars. They can be started and put on load in a few 
minutes and, as they will have to work in parallel with 
the network of circuits described above, they have been 
designed to have a fine degree of governing, engine 
responsiveness of a high order and a minimum of cyclic 
irregularity. Each engine consists of a mono-block 
fabricated steel frame and has 16 cylinders with 4 
bore of 8} in. and a stroke of 10 in. arranged in two 
banks. A combined pump and injector unit is fitted, 
which is arranged so that higher injection pressures 
than usual can be employed with consequent finer fuel 
atomisation and complete burning. Starting is effected 
by a self-disengaging 64-volt motor, which is fed 
from independent batteries. A closed-circuit system of 
cooling is provided which incorporates a heat exchanger. 
A heat exchanger is also included in the force-feed 
lubrication system. Both these systems are fitted 
with thermostatically-controlled regulating valves 
which operate should the flow fail or the temperature 
become excessive. 

Under the new electricity-supply regime, load fluctus- 
tions will be dealt with on a national rather than 4 
local scale, and the number of cases in which generating 
plant of small capacities will be installed to deal with 
the peaks, as has been done at Heston and Isleworth, is 
likely to be small. Such sets, however, will continue 
to find useful application for providing supplementary 
power in individual factories. 





NICKEL.ALLOY STEELS.—The Mond ‘Nickel Compaty, 
Limited, Grosvenor House, Park-lane, London, W.1, 
have issued a publication entitled ‘* Nickel Alloy Steels 
for Machine Tools.” This is intended for use bY 
designers of machine tools, and contains, in graphic form, 
data on the properties of a variety of En nickel-alloy 
steels (B.S. No. 970) employed in machine-tool construe} 
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MECHANICAL STOKER ON 
‘“‘MERCHANT NAVY'’’ CLASS 
LOCOMOTIVE. 


A “ Mercuant Navy ” 4-6-2 type locomotive of the 
Southern Region, British Railways, has been equipped 
with a Berkley mechanical stoker, which was supplied 
by the Berkley Stoker Company, Limited, Grand 
Buildings, Trafalgar-square, London, W.C.2, and 
manufactured by their associated firm—the Berkley 
Machine Works and Foundry Company, Incorporated, 
Norfolk, Virginia, U.S.A. The Chief Mechanical 
Engineer, Mr. O. V. S. Bulleid, considered that to obtain 
adequate steam raising in the boiler under all condi- 
tions, particularly the most unfavourable, it was 
necessary to fit a mechanical stoker. Although the 
type of stoker fitted has been in use in the United States 
and elsewhere for many years, it is a novelty in this 
country, where, due to the modest size of the fire-grates 
and the high quality of coal, hand firing is the universal 
practice. The Berkley Stoker Company point out that 
the equipment enables the fireman to fire “‘little and 
often’ —a precept which is not always easy to follow 
when firing by hand—and to regulate the rate of firing 
to suit the varying steam demand. They also explain 
that the stoker is not automatic, that it must be 
operated intelligently, but that the fireman, being 
telieved of much physical labour, has a better oppor- 
tunity of attending to other duties. The steam 
consumption of the stoker is stated to be about 2 per 
cent. of the evaporative capacity of the boiler. 

_ The general arrangement of the Berkley stoker, which 
is capable of delivering coal at a maximum rate equiva- 
lent to 5 tons an hour, is illustrated in Figs. 1 and 2, 
which are an elevation and plan, respectively. The 
layout shown is typical of a Berkley stoker, although 
it may vary in detail to suit particular engines. The 
erage components are: a trough a, placed below a 
ole in the floor of the coal bunker; a conveyor worm, 
b, Totating in the trough, and connected to an inter- 
mediate worm, c, which, in turn, is connected to a riser 
worm, d; an intermediate conduit e, and a riser conduit 
f, enclosing the worms c and d; a jet plate g, shown 
in Fig. 3, on to which the coal is fed, and from which 
It is distributed over the grate by jets of steam ; and 
@8mall steam engine, h, which drives the worms. 
The trough and conduits form a continuous path for 
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the coal and are connected to each other by ball joints 
at their ends to it relative vertical and lateral 
movement between the engine and tender. Longitu- 
dinal movement between the engine and tender is 
allowed for by mounting the trough on rollers which run 
on a track fixed to the base of the tender, and a coal- 
tight joint between the trough and the underside of 
the bunker is maintained by a rectangular frame of 
angle iron pressed upwards by helical springs. At the 
front end of the trough there is a crusher i, Fig. 2, 
which reduces the coal to pieces of suitable size. There 
are two flexible joints in the worms, the front joint incor- 
porating a link with two screw-shaped lugs to propel 
the coal round the bend in the conduits. The worms 
are left-handed except at the delivery end, where there 
is one turn of a small right-handed worm. Without 
this, the worm would tend to deliver more coal to one 
side of the jet plate than to the other; with it, the 
movement of the coal is partly checked, and the dis- 
tribution of the coal is rendered uniform. As an addi- 
tional safeguard, two deflectors, j, one on each side of 
the delivery end of the riser conduit, are fitted so that 
by controlling their positions independently, the fireman 
can correct any tendency to one-sided delivery. They 
are designed, however, to ensure that it is impossible to 
prevent the delivery of coal to the back corners of the 


te. 

o The stoker does not obstruct the firehole completely, 
hand-firing being quite practicable; the firedoor 
that fits above it is in two parts, each pivoted at the 
top, and actuated by a lever through two pinions. 
There is a peep-hole in each door to enable the fireman 
to observe the fire and the action of the steam jets 
without opening the door. As shown in Fig. 3, the 
jet plate has four groups of jets, to distribute coal to 
the four quarters of the grate. The plate is shaped 
80 as to provide a hood over the jets, with the object 
of allowing the steam to fan out before carrying the 
coal on to the grate. There are four valves on the foot- 
plate to control the supply of steam to the four groups 
of jets, and gauges to indicate the pressure of steam at 
each group. A pressure gauge for the stoker engine is 
also provided. 

The stoker engine has two parallel double-actin 
cylinders, of 5 in. bore and stroke, with cylindrica 
crosshead-guides and two balanced cranks at right- 
angles to each other. The piston-valves are actuated 
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by eccentrics, and the fireman can put the engine into 
reverse, by pulling a spring-loaded handle, if he requires 
to clear an obstruction in the conduits or trough. 
Alternatively, he can open a l-in. steam valve to the 
engine to provide extra power, a 4-in. valve being 
normally used for supplying it with steam. The crank- 
shaft is fitted with a flywheel at one end, and it drives 
the conveyor worms through shafts with universal- 
joints, and a double-reduction gearbox at the rear end 
of the trough. The engine and gearbox are both totally 
enclosed ; the engine being lubricated by a mechanical 
or hydrostatic lubricator on the locomotive, and the 
gearbox being filled with oil to the proper level. The 
maximum speed of the stoker engine can be about 
700 r.p.m., although its normal speed for stoking is 
usually much less than this, depending on the fireman’s 
control. 

The Southern Region, British Railways, have stated 
that trials have been carried out with the stoker, and 
have proved very satisfactory. The steaming of the 
boiler has been maintained at a rate sufficient to cover 
any of the duties which the locomotive has been called 
upon to perform, despite the fact that poor-quality 
coal has been used deliberately. 





CATALOGUES. 


Bushes for Drilling-Jigs.—The Talbot Tool Company, 
Limited, ‘“ Grip’ Works, Roedale-road, Brighton, 
Sussex, have issued a catalogue of their steel bushes for 
fitting in drilling-jigs. The principal types are headed 
and headless bushes, the latter being either serrated or 
plain. Brief particulars are also given of liners and 
locking screws, and toolmakers’ “‘ buttons.” 


Belt Conveyors.—The transport of sand, gravel, clay, 
stone, coal, sugar, etc., by belt conveyors is illustrated 
in a booklet published by Messrs. Mavor and Coulson, 
Limited, Bridgeton, Glasgow, S.E. The “‘M. and C.” 
conveyors are made in short lengths, easily man-handled, 
and consisting of an inverted trough joined by angle 
supports and forming an idler base which protects the 
returning portion of the belt. 

Arc-Welding Electrodes.—A combined catalogue and 
manual of welding procedure has been published by the 
Lincoln Electric Company, Limited, Welwyn Garden 
City, Hertfordshire, under the title of ‘‘ Weldirectory.” 
It contains a great deal of useful technical data, which 
should facilitate the selection of the most suitable elec- 
trode for a particular class of work and indicates by a 
number of excellent illustrations how the different pro- 
cesses can be carried out. Details regarding arc weld 
surfacing are also given. 
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NOTES ON NEW BOOKS. 


Form Tools ; Their Design, Man and Use. By 
Wri F. Watxer, A.M.I.P.E. Hutchinson’s 
Scientific and Technical Publications, 47, Princes- 
gate, London, S.W.7. [Price 25s. net.] 


Wrrs rising costs of raw materials and labour, im- 
proved methods of production become of increasing 
importance. This book shows that the use of the 
correct form tool for each operation is a major factor 
in the economy of labour, materials and machines. 
After a brief historical outline and a general survey of 
the various types of tools and methods of their produc- 
tion, the author turns to the most efficient cutting 
media for the requirements of the tool. Tabulated 
information regarding the manipulation and heat 
treatment of the different types of steel is given, 
though, obviously, the makers’ own recommendations 
on temperatures for the various processes should be 
followed. Chapters are then devoted to the different 
types of tools—flat, circular, tangential, dovetail and 
form tools with rake—the advantages and disadvan- 
tages of all these types being clearly set out and dis- 
cussed. The various methods of holding the tools are 
comprehensively covered. The chapters on the design 
and manufacture of form tools demonstrate their 
advantages over ordinary lathe tools, and describe the 
most economical methods of manufacture and main- 
tenance. Some 50 pages are then devoted to the 
operation of grinding the form. This chapter is, per- 
haps, the most detailed and covers the grinding 
machines, wheels and tools used, and the methods o 
checking the finished tool. The final chapter is entitled 
‘* Form Tools in Use,” and discusses setting up, speeds 
and feeds, cutting fluids, machine maintenance, regrind- 
ing, and a system of tool replacements. No direct 
mention is made of costing, estimating and time study, 
though references are made indirectly throughout the 
book. There are ten charts and over 300 line illustra- 
tions, the clarity of which is sometimes in contrast with 
the text, which tends to a style more verbose than is 
usual in a book of this nature. In general, however, 
Mr. Walker’s manual is a practical study of a subject 
which, hitherto, has hardly received the attention that 
it deserves. It should prove useful to all concerned in 
engineering production. 





Experience in Illinois with Joints in Concrete Pave- 
ments. By Proressor Jonun S. CRANDELL and 
others. Engineering Experiment Station Bulletin 
No. 365. The University of Illinois, Urbana, Illinois, 
U.S.A. [Price 1 dol.] 


THE joint in a concrete road is its weakest point, 
the Achilles’ heel which determines the effective life 
of the concrete as a running surface. This compre- 
hensive report on a variety of different joints that 
have been used with varying success in the State of 
Illinois is welcome, therefore, especially as the investi- 
gation covers a period of about 25 years, during which 
several thousand miles of concrete roads have been 
constructed. Special attention is given to the behaviour 
of the joints on the Armington experimental road ; 
this has a length of 1-4 miles, and it was constructed 
in 1938 to enable different types of joints to be studied 
under similar conditions. It might have been expected 
that one of the all-metal joints, having air chambers 
formed of metal boxes with a copper top seal, would 
give satisfactory results, but experience has shown 
that such joints do not stand up to the stresses met 
with in use, and that the copper seal becomes fractured. 
Pre-moulded fibre joints, being porous, allow water to 
penetrate to the subsoil, in spite of being sealed on 
top with bituminous or other material. Although 
experience with cypress board joints is limited, it seems 
that this comparatively simple joint may be effective. 
The report stresses the liability of the concrete 
surrounding the joint to become honeycombed or 
poorly compacted, especially when the design of 
the joint does not permit the finishing machine to 
be passed over it. A method of installing the joint 
below the surface, and subsequently cutting down to 
it with a special machine, through the hardened 
concrete, offers prospects, but the process is costly. 
It was found that soil from the sub-grade tends to 
work up into all the various types of joints tested, and 
that dirt is pressed into the top of the joints by the 

unding action of traffic ; expansion joints in unrein- 
orced concrete slabs close at the rate of 0-1 in. a 
year, because of the infiltration of such dirt. Wire- 
mesh reinforcement is effective in holding cracked 
slabs together. The report advocates the widest 
possible spacing of expansion joints; roads with 
expansion joints 1,000 ft. apart proved to have better 
riding qualities than those with joints spaced more 
closely. The report contains full details of the labora- 
tory and field investigations, and is well illustrated 
with clear reproductions of photographs. A useful chart, 
showing details of concrete road construction in all the 
States of the Union, is also provided. 
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ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
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ELECTRICAL APPARATUS. 


602,341. Large-Screen Television. J. L. Baird, of 
London. (1 Fig.) April 10, 1945.—This invention 
relates to improvements in large-screen television. 
In television apparatus in which the image is projected 
from a cathode-ray tube upon an external screen, it has 
hitherto been the practice to use cathode-ray tubes 
the screens of which are relatively small, in conjunction 
with wide-aperture colour-corrected lenses of relatively 
high quality. Such lenses cannot be made commercially 
of a size sufficiently large to cover any but relatively small 
cathode-ray screens. The invention consists in using 
an uncorrected lens in conjunction with a cathode-ray 
screen of large area (for example, about 2 ft. square), 
and restricting the amount of magnification of the 
image so that the imperfections produced in the resulting 
Picture due to the nature of the lens are not of sufficient 
magnitude to make the picture unacceptable. For 
example, a 2 ft. by 2 ft. image may be enlarged (i.e., 
have each linear dimension increased) from five to ten 








times. By this device an inexpensive lens without colour 
correction can be used, without undue loss of definition. 
The invention thus consists of a cathode-ray screen of 
large area (that is, larger than 13 in. square, which is the 
largest size of those commonly in use, and preferably of 
the order of 2 ft. square), an uncorrected lens for enlarging 
the image of the cathode-ray screen a restricted amount, 
i.e., not more than ten times, and an external screen for 
receiving and displaying the enlarged image, the various 
components being arranged relatively to one anoher so 
that the enlargement is of the order of five to ten times. 
The arrangement is shown in the drawing, in which 1 is a 
cathode-ray tube having a fluorescent screen la an 
uncorrected lens 2 and a display screen 3, for example, of 
frosted glass, held in @ frame 4. In operation, the 
image produced on the screen la of the cathode-ray tube 
1 is enlarged by the lens 2 and thrown at a magnification 
of between x 5 and x 10 on to a screen 3, from which 
it is Viewed from the side remote from the cathode-ray 
tube. (Accepted May 25, 1948.) 


INTERNAL-COMBUSTION ENGINES. 


602,530. Gas Turbines. The Bristol Aeroplane Com- 
pany, Limited, of Bristol, and F. M. Owner, of Bristol. 
(4 Figs.) October 16, 1945.—This invention concerns 
gas-turbne rotors and blades and its object is to ensure 
that the rotor blades do not operate at the same tem- 
perature as the working medium of the turbine. To this 
end, each blade is encased by a sintered heat-resistant 
material and is formed with an internal passage for the 
circulation of a cooling medium such as air. The rotor 
consists of a disc 6, a rotor shaft 7 formed integrally with 
it and a number of blades 8 disposed around the periphery 
of the disc and attached to it in a known manner. The 
shaft 7 has a central bore 10 which communicates 
with an internal chamber 11. Extending from the 
chamber 11 to the slot in the periphery of the disc 6 
which receives each of the blades, is a radial channel 13. 
With this arrangement if air is fed into the bore 10 under 
pressure it will pass into the chamber 11 and then be 
distributed by each of the channels 13 to the periphery 
of the rotor disc. Each blade is formed with a passage 
which extends throughout the length of the blade from 
the free edge of the root attachment to an opening 17. 
The passage further extends in a chordwise direction 
from the leading-edge 15 of the blade to its trailing-edge 
16. The radial channel 13 is placed so that when the 








blade is in assembled position air passes from the channe) 
to within the blade. The air fed into the blade along the 
channel 13 passes through the blade and is dischargeq 
through @ tip opening 17, i.e., in @ radial direction, 
Each blade 8 is totally encased (with the exception of the 
root attachment) by a heat-resistant coating formed by 
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simultaneously sintering non-metallic particles together 
and to the blade. The composition of the sintered coat. 
ing is selected so that it is capable of withstanding the 
temperature of the working medium of the gas turbine to 
ensure that the temperature of the blade is considerably 
lower than the medium. A ceramic material is used for 


this purpose. (Sealed.) 
MISCELLANEOUS. 
602,008. Baling Apparatus for Fibrous Material, 


Crawford Machinery Company, Limited, of Rochdale, 
and H. F. Wright, of Rochdale. (11 Figs.) August 14, 
1945.—This invention is a baling apparatus used to 
compress fibrous material, such as waste cotton, into 
sacks for transport. The apparatus consists of treaders 
which are reciprocated vertically by a motor, the 
treaders and motor being assembled as a unit and 
suspended from a support to be raised or lowered, 
A frame 12 carries bearings 13 on which are mounted 
two stationary shafts 14, 14a. On each shaft are 
mounted four rocking levers 15. Two levers on each 
shaft are connected by a connector which passes below 
and bridges the intermediate lever. The remaining 
two levers on each shaft are also connected by a second 
connector which passes above and bridges the inter- 
mediate lever. The connected levers and their respective 
connectors are made integral. Each pair of connected 
levers on one shaft are joined to a corresponding pair 
of levers on the other shaft by alink 23. To the links 23 
are pivoted one end of the connecting rods 24, the 
other ends of which are connected to cranks set at 180 
deg. to each other on the shaft of a reduction gear 27 
through which the cranks are driven by an electric motor 
28, mounted with the gear on a platform on the frame 12, 
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to oscillate the arms which rock all the rocking levers on 
the shafts 14 and 14a. To the arms of the rocking levers 
are pivoted depending treaders 30 having pressing feet 
rectangular in plan. The treaders depending from the 
arms of the aligned rocking levers on the two shafts are 
integral and connected by a member 31. Each pair of 
treaders is also connected to the pair of treaders behind 
it by rods 33. When the rocking levers are rocked, one 
set of connected levers on the shafts will rock in unison 
in the same direction and the other set of connected 
levers on the shafts will also rock in unison in the opposite 
direction. Thus the treaders depending from the 
various levers will be given corresponding up and down 
treading movements. The apparatus is suspended 
by tackle in vertical alignment with a hopper chute, 
from the bottom of which a sack to be filled is sup- 
ported by hooks. A quantity of waste is fed through 
the hopper chute into the sack. The apparatus is 
then lowered into the sack and set in operation to 
compress the waste. When the waste has been sufi- 
ciently compressed the apparatus is raised, a further 
quantity of waste is fed into the sack and the apparatus 
is again lowered to compress it, the operations being 
repeated until the desired amount of waste has been 
filled into the sack, after which the latter is removed 
and replaced by another sack. (Sealed.) 
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FIRE-FIGHTING SYSTEMS 
FOR COLLIERIES. 


By Dr. J. 8S. Buarr, M.I.Mech.E. 
(Concluded from page 436.) 


In view of the fact that successful high-pressure 
systems have now been in use for some ten years, 
there seems little excuse for adopting a low-pressure 
system, particularly when it is realised that adopt- 
ing such a system is virtually throwing away useful 
static head which is, in many cases, already hardly 
adequate. Such a low-pressure system necessitates 
considerably larger and more costly pipes, with 
break-pressure tanks and other additional apparatus 
to serve the same purpose as would a high-pressure 
system using smaller pipes. Those who advocate 
the low-pressure system, however, also advocate 
the use of considerably more water (by using a 
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example, on a slope of lin 10. It is then necessary 
to go some 1,500 ft. down the dip before the requisite 
pressure will be reached ; and it is a complete im- 
possibility (with pipe of 3in. nominal bore), to obtain 
this pressure if the slope of the dip is less than about 
1 in 30 since the loss in pressure due to the water 
flowing in a 3-in. pipe is greater than the head gained 
by going down the dip. Such a condition, there- 
fore, necessitates a larger pipe, though, even then, 
there is again a limiting gradient. The only way 
to get round this is to lay a second pipeline along 
the over-lapping part below the break-pressure tank, 
this pipe line being supplied from the tank next 
outbye ; but this, of course, is of no use on small 
slopes less than 1 in 30, as mentioned above. 
Luckily, however, most mines do not run so far 
inbye that the first break-pressure tank (which 
must, of course, be placed not more than 925 ft. 
(400 lb. per sq. in.) vertically above the most distant 
future hydrant) is still in the roadway. It will, in 
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§-in. jet) and also wish provision to be made for the 
use of two such jets simultaneously. Those who 
advocate the high-pressure system say that this 
additional water is not only unnecessary but is 
definitely detrimental, and that they prefer to use 
the absolute minimum amount of water in order 
to avoid damage to the roof, etc. It is because of 
these diametrically opposed views that the two 
systems have been treated separately here and the 
quantity dealt with under the low-pressure system 
is very much greater than in the high-pressure 
system. Since the advocates of the low-pressure 
system also wish to use Carlton joints, the pressure 
limit is automatically set at 400 Ib. per sq. in., since 
this is the maximum pressure to which the standard 
Carlton joint can be subjected. 

Some of the disadvantages of break-pressure 
tanks and reducing valves have been mentioned, 
but an additional defect with break-pressure tanks 
is that, since it is essential to have about 100 ft. 
head available at the hydrant when the water is 
flowing, it is necessary to go some distance down the 
pipe line, below the break-pressure tank, before this 
head is reached. While this presents no difficulty 
if the break-pressure tank is in a shaft, say, vertically 
above the hydrant, it is a major difficulty if the 
tank is situated on a gently sloping roadway, for 
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fact, usually be some distance up the shaft, and, if it 
is more than about 106 ft. up the shaft, this length 
of vertical pipe will generally supply sufficient 
pressure for an adequate fire jet. 

Since water for fire fighting is required principally 
at the face, it is advisable to have the maximum 
possible pressure at that point.. This means, there- 
fore, that the break-pressure tank should be situated 
approximately 925 ft. vertically above the face ; 
and, in this connection, it is not the face in use at 
the moment which is important, but the final most 
distant and deepest face to which the colliery is to 
be worked. This is generally known, and a con- 
venient point, either in the shaft or the roadways, 
925 ft. above this point, should be chosen for the 
first break-pressure tank outbye. 

The next break-pressure tank outbye, however, 
is not necessarily placed 925 ft. above the first one 
since, as previously mentioned, it may be necessary 
to allow for appreciable overlap to provide fire- 
fighting requirements close to the first tank. The 
next tank, therefore, must be placed not more 
than 925 ft. above the lowest point which it supplies, 
and this might be only slightly higher than the first 
one if the slope of the dip is small. These points 
will be more evident from a study of the examples 
given later, but what must be remembered is that 


the static head must never be allowed to exceed 
400 Ib. per sq. in. at any point, and that there must 
be a sufficient pressure at the hydrant when the 
water is flowing to give at least the minimum fire 
jet. It will be seen that, with low-pressure systems, 
it is not generally possible to utilise the rising main 
unless a very big change of pressure is to be made at 
the pit bottom. In any case, the water in the rising 
main is not suitable for fire fighting. 

The calculations which follow are based on the 
assumption that there are either one or two §-in. 
nozzles, 825 ft. of 24-in. canvas hose, throttling-type 
hydrants (for which a loss of 15 velocity heads is 
assumed) and continuous-weld pipe, 3 in. nominal 
bore and 9 g. thick, with Carlton joints. 

Apart from the general layout mentioned pre- 
viously, a special arrangement in connection with 
the low-pressure system is that it is considered 
advisable to have double hydrants within 1,500 ft. 
of the face. If, in fact, they are spaced at intervals 
of 750 ft., this means that there are three double 
hydrants in each road approaching the face. There- 
after, farther outbye, the hydrants can be single, 
since the fire risk here is less. Thus, both cor- 
ditions (that is, one or two jets being used simul- 
taneously) must be catered for; Figs. 10 and 11, 
on this page, give graphs from which flow and other 
jet characteristics can be obtained from a know- 
ledge of H, the static head, and L, the pipe length. 

The data from which these characteristics are 
obtained are as follows ; as before, P represents the 
loss of head in Ib. per sq. in., and A the corresponding 
loss in feet of head. For one §-in. nozzle, P= 
0-0114 G* and h = 0-0263 G*; for 825 ft. of hose, 
P = 0:0162 G1**5 (h = 0-0374 G1'85) ; for a thrott- 
ling hydrant, P = 0-00197 G? (h = 0-00455 G*); and 
for the loss in 3-in. pipe, P = 3-95 x 10-*G!-**L 
(h = 8-3 x 10-*G***5L). Thus, when using one 
g-in. nozzle with 825 ft. of hose and the 3-in. 
pipe, H = 0-0263 G* +-0-0374 G1"*5 + 0-00455 G2+ 
(8-3 x 10-*G1"85L). This cannot be solved directly 
for G, but Fig. 10 gives a graphical solution. The 
length at which the discharge just reaches the 
minimum permissible requirement (43 g.p.m.), and 
the length corresponding to the maximum per- 
missible requirement (87 g.p.m.), are given by: 
for minimum discharge of 43 g.p.m., L = 114-7 
(H — 94-7); and, for maximum discharge of 
87 g.p.m., L = 31-1 (H — 378-8). Approximately, 
the value for 43 g.p.m. can be taken as L = 115 
(H — 100). In the case in which H is equal to 
925 ft. (that js, 400 Ib. per sq. in., the maximum 
permissible pressure), L for minimum discharge of 
43 g.p.m. = 95,000 ft. and, for the maximum dis- 
charge of 87 g.p.m., L = 17,000 ft. 

Where it is desired to use two #-in. jets 
simultaneously, H = 0-0263G* + 0-0374G1°85 x 
0-00455 G*+ (8-3 x 10-* (2G)'**5L); and the 
lengths for minimum and maximum discharges are, 
for minimum discharge of 43 g.p.m. per nozzle, 
31-8 (H—94-7); and for maximum discharge of 
87 g.p.m. per nozzle, 8-6 (H —379). The approxi- 
mate value for the minimum discharge of 43 g.p.m. 
through each of two nozzles can be taken as 
L = 32 (H —100); and, for the particular case of 
H = 925 ft., L for minimum discharge of 43 g.p.m. 
through each nozzle is 26,000 ft. and for 87 g.p.m., 
is 4,700 ft. 

The 3-in. pipe will give adequate water for two 
-in. jets, provided that the pipe length is not more 
than 26,000 ft. (assuming the full 400 Ib. per square 
inch static pressure is available at the hydrant). 
Similarly, it will give adequate water for one §-in. 
jet, if the distance is not more than 95,000 ft. Such 
lengths as 26,000 ft. will seldom be encountered in a 
mine, and if they are, the alternative to using a 
larger size of pipe is to be content with one #-in. 
nozzle, since lengths of 95,000 ft. will never be 
encountered. A larger pipe could be used, but it 
involves not only additional expense, but it is then 
becoming so large that the amount of room it takes 
up must be given consideration as well. It is not 
thought worth while, therefore, to give details of 
any pipe larger than 3 in. bore. 

Figs. 12 to 17, on page 458, show elevations of 
typical collieries, together with dimensions, etc., 
but it should be noted that the vertical and hori- 
zontal scales are not the same. Point A, in all 





cases, represents the present position of the face 
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and F the most distant future position; B is the 
bottom of the shaft and C, D, etc., are intermediate 
points. The first example, Fig. 12, is a simple case 
in which the roadway is horizontal and the position 
of the first break-pressure tank is in the shaft 925 ft. 
above the level of the roadway, so that a uniform 
static pressure of 400 lb. per square inch (925 ft.) is 
maintained along the whole length of the road. 
The discharge, both for one and for two #-in. jets, 
when using a 3-in. pipe and 825 ft. of hose, are given 
in Table V, the results being obtained from 
Figs. 10 and 11. It will be seen that, in this 
case, one §-in. jet could give well over 90 g.p.m. at 
all points in the mine, and, therefore, considerable 
throttling would be required to reduce this to the 
87 g.p.m. and 43-ft. throw which is the maximum 
discharge permissible so as not to exceed 150 lb. 
per square inch in the hose. When two jets are 
used, the amount of water from each is less than 
when one jet is used, though the total amount of 
water from both jets is, of course, greater. It will 
be seen from Table V that, under these conditions, 
it is only at point B that throttling would be 
required. 

TABLE V.—Low-Pressure System (Fig. 12) with 3-in. Pipe, 

825 ft. of Hose, and One or Two §-in. Nozzles. 





Hydrant position a A B Cc F 














“a 925 925 925 925 
-| 8,925 925 4,925 | 10,925 
-| Tn all cases, the discharge will be 
over 90 g.p.m., and considerable 
throttling will be required to 
= it to 87 g.p.m. and 43 ft. 


85 64 
No No 


85 64 
170 128 
43 36 
83 47 
143 82 


Static head, ft. 
Pipe length L, ft. 


One §-in. nozzle .. 


Two }-in. nozzles : 
Free flow, g.p.m. 
Throttling ‘. 
Final flow, g.p.m. 
Flow through pipe 
Effective throw, ft. .. 
ox _— Ib. = 


Max. Soe pressure, Ib. 
persq.in. .. 














If hydrants are throttled oa “ one nozzle, the flow through two 
nozzles will lie ing values :— 


Maximum 
Minimum .. 





64 
56 


* 69 87 85 
58 80 64 





It should be noted that, while it has been said 
that only at point B would throttling be required, 
this is because no intermediate point between B 
and C has been examined. There is obviously some 
point between B and C at which throttling ceases 
to be necessary. This position can be found, if 
necessary, from Fig. 10 by noting the pipe length 
at which the 925-ft. line and the 87-g.p.m. line 
intercept. In this case, this occurs at approximately 





4,700 ft., so that throttling would not be required 
farther along the road than a point 3,775 ft. from 
the shaft bottom ; that is, a pipe length of 3,775 ft. 
+ 925 ft. = 4,700 ft. from the break-pressure tank. 
Other break-pressure tanks would be required in 
the shaft, as shown, at intervals of 925 ft. vertically 
from one another. Fire fighting in the shaft, 
however, is not under consideration here, so that 
the question of discharge from these tanks does not 
arise. They would obviously be capable of main- 
taining the required flow of water to the road 
itself. 

The above values for two nozzles refer, of course, 
to nozzles connected to unthrottled hydrants, 
unless they are mentioned as throttled for two 
hoses, as for point B. Since each of a pair of 
hydrants must be set so that one or two nozzles 
can be connected to them at will, they will have 
to be throttled to a suitable extent to pass not more 
than 87 g.p.m. through one nozzle. In this case, 
this means that all the hydrant throttling valves 
must be partly closed. The ion then arises, 
if two nozzles are attached to hydrants throttled 
to suit one nozzle, how much discharge will be 
obtainable from each of the two nozzles ? 

First, it is obvious that an adequate water supply 
will be available since, even if no more than the 
previous 87 g.p.m. continued to flow in the pipe 
and this divided equally between the two nozzles, 
the flow from each would still be 43} g.p.m., which 
is a little more than the permissible minimum. 


On the other hand, the pipe flow will be more than | 9% 


87 g.p.m., since, if it did not increase, the loss in 
each hydrant, due to 434 g.p.m. (= half the previous 
flow) would be one-quarter of what it was. (These 
losses are proportional to the square of the dis- 
charge). This smaller loss, together with the much 
reduced loss in hose and nozzle, leaves more head 
to increase the flow through the pipe before it 
divides between the two nozzles. 

Actually, a closer approximation can be made 
by first finding from Fig. 10 the head which would 
give 87 g.p.m. for one nozzle (this is what is left 
after throttling) and then using this head in Fig. 11 
to find what it would give through two nozzles. 
Since this procedure does not take into account the 
reduced throttling loss due to less water flowing 
through each hydrant, the resulting discharge will 
be smaller than the actual discharge, though usually 
not much smaller. As an example of this method, 
using Fig. 10, the value of H for the throttled flow 
of 87 g.p.m. at a length of 8,925 ft. is 660 ft. Now, 
using Fig. 11, the value of flow for 660 ft. and 
8,925 ft. of pipe, with two nozzles, is 58 g.p.m. 
The flow will therefore never be as low as 58 g.p.m. 
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but cannot be above 69 g.p.m., since this is the 
flow obtained at 925 ft. with two nozzles. In 
actual fact, the flow rate will probably be about 
60 g.p.m. The true discharge lies between the 
value thus found and the value obtained from 
Fig. 11 when using the full static head (that is, with 
unthrottled hydrants) which is already given for 
this example in the second half of Table V. 

The above method usually gives adequate 
accuracy and the values so obtained are given in the 
last lines of Table V ; however, should it be necessary 
to know accurately the exact discharge from two 
nozzles when attached to hydrants throttled for 
one nozzle, the following will give the answer, but 
it involves a somewhat laborious trial and error 
method. Let the loss due to throttling (to 87 g.p.m.) 
by hy; 4, = H — h, where H is the available static 
head, and h, the effective head after throttling 
(obtained from Fig. 10 by noting the head required 
to give 87 g.p.m. through one nozzle for the given 


length of pipe). Then H = (=)% 4+ hy, where 2 


is the flow to be determined (g.p.m.) and h, the 
head corresponding to z from Fig. 11 (two nozzles) 


TaBLE VI.—Low-Pressure System (Fig. 13) with 3-in. 
Pipe, 825 ft. of Hose, and One or Two §-in. Noezles. 





Hydrant position .. A F 





Static head, ft. 
Pi Page aah L, ft. 


Final flow, g.p. m. 


Effective throw, ft. . 
— ee Ib. per 


sq. i 
Max. hose pressure, Ib. 
per sq. i 
Two §-in. 


hrottling we 
Final flow, ¢.p.m. 
Flow through pipe 


Effective throw, ft. . 
—t —— Ib. per 





Max. hose pressure, Ib. 
persq.in. .. 














Trial values of z and corresponding values of h, 
must then be found until each side of the above 
equation is the same. The value of z thus found is 
the flow through each hose and nozzle when the 
hydrants are throttled for 87 g.p.m. through one 
nozzle only. 

In the ae example (Fig. 13), the roadway 
slopes uniformly at 1 in 40. The break-pressure 
tank must be placed at a point 925 ft. above the 
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most distant future face and, even with a total 
length inbye of 20,000 ft., this still places the tank 
425 ft. up the shaft. The static pressure therefore 
increases uniformly from B to F, as shown in the 
diagram, and Table VI, opposite, gives the corres- 
ponding flow characteristics. Here again, it must 
be remembered that, in the case of B, where the flow, 
even for one nozzle, has to be throttled, the figure 
given for two nozzles will not be correct, the actual 
flow being less than 87 g.p.m. and more than 80 
g.p.m. Actually, it will probably be about 82 g.p.m. 

In the third example (Fig. 14) and succeeding 
examples (Figs. 15 to 17), it is not proposed to give 
in detail the throws, nozzle pressures and hydrant 
pressures associated with each rate of flow. They 
are, of course, fixed for any given rate of flow and 
for any given size of nozzle, and can be determined 
from the adjacent scales of Figs. 10 and 11. The 
third example is used to show that an overlap is 
necessary below the first break-pressure tank outbye 
if it is desired to obtain water for fire fighting imme- 
diately below the break-pressure tank. It will be 
seen that the roadway slopes uniformly at 1 in 20 
and that, since the distance inbye is considerable, the 
first break-pressure tank (which must be placed 
not more than 925 ft. above the future face F) will 
still be in the sloping roadway at point D. At 
points immediately below D the water from this 
break-pressure tank, T.1, will not be of sufficient 
pressure until a certain distance has been traversed 
along the roadway. This distance can be found 
from Fig. 10—remembering that, at this point, it 
will not be necessary to provide for two nozzles 
to be used simultaneously, since it is a considerable 
distance away from the face. From Fig. 10 a 
static head and length must be chosen so that the 
length is 20 times the static head (for a slope of 
1 in 20) and these two lines must intersect at the 
minimum flow requirement for one nozzle, namely, 
43 g.p.m. Such a point can be found by trial and 
error, and will be seen to occur at H = 120, L = 
2,400. This point, therefore, is the first one at 
which the minimum quantity is available and the 
distance from T.1 to this point is 2,400 ft. It will 
be necessary for the supply from the next break- 
pressure tank outbye, T.2, to be carried down to 
this point, so there will be a double pipe in the 
roadway over this length of 2,400 ft. It might be 
argued that it is not necessary for the second pipe 
to cover the whole 2,400 ft., since some of this 
distance can be taken up by the hose laid along the 
roadway. This is true to some extent and would 


TABLE VII.—Low-Pressure System (Fig. 14) with 3-in. 
Pipe, 825 ft. of Hose, and One §-in. Nozzle. 

















Hydrant - a" 

mat Ta fe |e ]e|>| >|» 
Static head, 

° --| 726 805 120 925 0 805 925 
ene L, . 

> ..114,500| 805 | 2,400 | 4,705 0 | 2,305 | 18,500 
Free flow, 

Spm. *.. 80 L* 43 L* 0 L* 85 
Throttling ..| No Yes No Yes 0 Yes No 
Final flow, 

gpm. .. 80 87 43 87 0 87 85 


























L* = A flow of more than 90 g.p.m. 

result in the saving of some 800 ft. with the usual 
lengths of hose, but it is questionable whether it is 
worth while to have a length even of 800 ft. which 
cannot be supplied directly by the pipe, but only 
through the hose connected to the hydrant next 
outbye. : 
ing, therefore, that the whole of this 
2,400 ft. will be overlapped by the pipe from T.2, it 
will be seen that T.2 must be placed not more than 
925 ft. above C’. This will be 925 — 120 = 805 ft. 
above tank T.1 and is shown in the diagram, Fig. 14 

Table VII, herewith, shows the discharges at the 
different points. Those marked L* are greater 
than 90 g.p.m., that is, they are not on the dia- 
gram of Figs. 10 or 11 and will require to be 
throttled. Table VII shows the flow for one nozzle 
only. Near A and F, two jets might be required 
and the values under these circumstances can be 
worked out in the usual way, it being noted that 
these hydrants do not require throttling even for 
one nozzle. 
_ Fig. 15 shows the same mine as Fig. 14 but hav- 
ing a reducing valve in place of the first break- 


pressure tank T.1. The advantage of this valve is 
that, provided it is set to give a pressure of about 
100 ft. at its low-pressure side, there is no need for 
any Overlapping pipe from the break-pressure tank 
T.2. The pressure immediately below the reducing 
valve, namely 100 ft. head, will be sufficient to 
provide the minimum flow requirement for one jet, 
which is all that would be required at this point and, 
as the pipe line extends down the dip inbye, the 
pressure will, of course, increase until, at the most 
future face, it reaches 925 ft. The position of the 
reducing valve RV.1, therefore, must be not more 
than 925 — 100 = 825 ft. above F or 16,500 ft. 
outbye from F. In these circumstances, the dis- 
charge at F and A will be slightly more than in the 
case shown in Fig. 14, since there is less pipe between 
RV.1 and the face than between T.1 and the face. 
The flow from hydrants at other points can be 
calculated as in previous examples, but will be 
found to be adequate for the requirements. 

Fig. 16 merely illustrates the fact that, if break- 

pressure tanks are used with overlapping pipe from 
the one next above, a certain amount of judgment 
must be used in placing these tanks. Of the 
examples shown, if the first tank is placed exactly 
925 ft. above the future face, it will be at C; and, 
since the road after that point runs level for a long 
way, pressure cannot build up in the pipe below C 
and the overlap would require to be very consider- 
able, probably down to a point such as D. If, 
however, T.1 is placed just below the level part, 
say, at 900 ft. above F, it will be placed at E and 
the overlap will then be only 2,400 ft. as in Fig. 16. 
Fig. 17 shows the position of break-pressure tanks 
when the road rises on one side of the shaft and 
falls on the other. The important factor is that 
the pipe pressure must never be allowed to exceed 
925 ft. head at any point and the break-pressure 
tank, T.2, supplying point E must, therefore, not 
be more than 925 ft. above B. In consequence, 
break-pressure tank T.1 will be required to supply 
the tube at the right-hand side and this tank will 
be placed 925 ft. above F. 
It will be realised from the above that there is 
little justification for the use of the complicated 
low-pressure system when fires can be fought 
adequately with a much simpler high-pressure 
system. 





East AFRICAN RalLways.—<According to the Nairobi 
correspondent of The Times, the East African Com- 
missioner for Transport, Sir Reginald Robins, is expected 
soon to begin discussions for the extension of the East 
African railway system to provide a direct link between 
East African territories and the Rhodesias. Considera- 
tion is being given also to a survey of problems which 
would arise if the present metre gauge of the East African 
system had to be altered to conform with the 3 ft. 6 in. 
gauge of the South African and Rhodesian system. 





ANGLO-AMERICAN AERONAUTICAL CONFERENCE.—AYr- 
rangements are now being completed between the Royal 
Aeronautical Society and the Institute of the Aero- 
nautical Sciences, of the United States, to hold an Anglo- 
American Aeronautical Conference in New York City 
between May 22 and June 6, 1949. Some 20 papers 
covering a wide range of technical activity will be given, 
and visits will be paid to aircraft firms, to Langley 
Field, and elsewhere. It is hoped that a good British 
representation will be possible and members of the Royal 
Aeronautical Society who propose to attend the confer- 
ence should inform the secretary, 4, Hamilton-place, 
Piccadilly, London, W.1, as soon as possible. 





SHELL SCHOLARSHIP IN MARINE ENGINEERING AND 
NAVAL ARCHITECTURE.—The Shell Petroleum Company, 
Limited, offer an annual scholarship for post-graduate 
study, with the object of combining a knowledge of marine 
engineering and naval architecture in the recipients. 
The scholarship is confined to the Departments of Marine 
Engineering and Naval Architecture in the University of 
Durham, King’s College, Newcastle-upon-Tyne, and is 
awarded on the recommendation of the heads of the 
departments concerned. The selection will be made each 
year from students who haye completed the course for 
the second examination leading to the degree of B.Sc. 
in applied science, and will be subject to confirmation by 
the Shell Petroleum Company after interview. The nor- 
mal value of the award will be 2501. It will be tenable 
during the fourth academic year and will cover the period 
of study in the alternative subject with a view to obtain- 
ing the ordinary degree. Full details concerning the 
award of the scholarship may be had on application to the 





Registrar, King’s College, Newcastle-upon-Tyne, 1. 
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Symposium on Load Tests of Bearing Capacity of Soils. 
Special Technical Publication No. 79 of the American 
Society of Testing Materials, 1916, Race-street, Phila- 
delphia 3, Pennsylvania, U.S.A. [Price 3 dols.] 

THIs symposium consists of six technical papers by 
well-known authors, with an introductory paper by 
Professor W. S. Housel, who is an authority on 
the subject. The papers are :—‘‘ Field Loading 
Tests for the Evaluation of the Wheel-load Capaci- 
ties of Airport Pavements,” by Mr. L. A. Palmer ; 
“* Methods of Testing Soils for Runways and Foun- 
dations,” by Mr. E. E. Seelye, Mr. W. D. Bailey and 
Mr. 8. D. Teetor ; ‘‘ Use of Load Tests in the Design 
of Flexible Pavements,” by Mr. W. H. Campen and 
Mr. J. R. Smith; “‘ Field Bearing Tests Applied to 
Pavement Design,” by Mr. R. R. Philippe; “A 
Cyclic Load-Test Procedure,” by Mr. J. E. Hittle 
and Mr. W. H. Goetz; and “‘ A Canadian Investi- 
gation of Load Testing Applied to Pavement 
Design,” by Mr. N. W. McLeod. After each paper 
there is a written ‘“‘discussion” which is focused 
on points of difference and is of help in estimating 
the value of the particular contribution. The 
generally accepted method of performing a bearing 
test on a subgrade for a runway is to use a rigid 
steel plate, 30 in. in diameter, which is carefully 
levelled and seated on the ground in a thin layer 
of dry sand or of plater of Paris. Loads are centrally 
applied in increments by means of a hydraulic jack 
pressing against a reaction such as a heavy trailer, 
and the pressure is measured by a Bourdon gauge 
attached to the jack, the unit having been previously 
calibrated in a testing machine. Dial gauges, 
measuring from an independent datum, register the 
penetration of the plate after each increment of 
loading and show when equilibrium has been 
reached. Thus a pressure-deformation curve can 
be drawn and the modulus of subgrade reaction 
obtained by multiplying by 20 the pressure pro- 
ducing a penetration of 1/20th inch. Many refine- 
ments to this test are described in the papers, 
including methods of evaluating the bearing capa- 
city of existing runways, and different methods of 
pavement design are expounded. 





Elementary Fluid Mechanics. By PROFESSOR JOHN K. 
VENNARD. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 24s. net.] 

THE applied science of fluid motion has so enlarged 
its scope during recent years, and has been so altered 
in emphasis by the practical realisation of machines 
employing supersonic speeds of gas flow, as to call 
for an approach in the elementary study of the 
subject which is not merely new, but which differs 
in important respects from what was regarded as 
appropriate and adequate for the engineering 
students of even a generation ago. In particular, 
as the term itself implies, fluid mechanics is now 
recognised as embracing the behaviour of both 
liquids and gases ; but, while advances in theoretical 
treatment have helped by generalising many con- 
cepts of fluid motion, they require a clearer under- 
standing of the physics underlying the combined 
subjects than was demanded by the empirical 
approach, and, in unskilled hands, niay increase 
rather than reduce the difficulties of its study in 
the early stages. 

The more credit is due, therefore, to Professor 
Vennard for having accomplished a formidable task 
with marked success. This is the second edition of 
a book, first published in 1940, the use of which has 
evoked constructive criticism which the author 
has adopted, along with his own experience as 
associate professor of fluid mechanics at Stanford 
University. The result is a comprehensive, yet 
compact and readable, text ; elementary in the true 
sense of the term and within the capacity of a 
student having undergraduate knowledge of physics 
and mathematics, but severe enough to challenge 
his powers of thought and analysis. Opportunities 
for the reader to deduce details from statements of 








principle are plentiful when, after surveying the 
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properties of fluids and the statics of liquids, the 
author deals with the behaviour of ideal fluids, 
introduces the impulse-momentum principle, and 
passes to the flow of real fluids. The theorems of 
dynamical similarity, discussed at this stage, are 
applied to a treatment of flow through pipes, chan- 
nels and measuring devices in which theory is 
leavened with practice so as to permit the solution 
of engineering problems. A final chapter, devoted 
to flow round immersed objects, includes a state- 
ment of aerofoil circulation theory and contrasts 
the effects on drag of incompressible and supersonic 
air flow; the phenomena of pressure waves in 
fluids, and cavitation, are briefly mentioned in 
appendices. 

Compression of so wide a range of subject matter 
within a relatively small book has entailed the 
omission of many matters of detail, but they are 
largely covered by 700 problems for solution, addi- 
tional to a representative selection of worked 
examples ; and the book is well documented with 
references to the technical literature in . which 
specific aspects are treated in greater detail. Pro- 
fessor Vennard appreciates that the interest of most 
of his readers can best be maintained by the exercise 
of theoretical principles in directions which stimulate 
the engineering imagination. He is careful, there- 
fore, to point out many instances where theory can 
usually be disregarded in practice, while ensuring 
that, if the theoretical point is realised, its implica- 
tions shall not be neglected or grossly abused. This 
attitude, as well as the author’s evident familiarity 
with large-scale and experimental work in hydraulics 
and aerodynamics, should appeal to experienced 
engineers, few of whom, especially if their work 
entails problems of fluid motion, will fail to benefit 
both by the author’s knowledge and fresh outlook. 


Sequential Analysis. By PROFESSOR ABRAHAM WALD. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 4 dols.}; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 24s. net.] 

SEQUENTIAL analysis is a test procedure in statis- 
tical mathematics for which the number of obser- 
vations is not predetermined but depends on the 
outcome of the observations as they are made. 
It offers obvious advantages, therefore, in circum- 
stances where data become available serially in 
the course of prolonged trials, from which a deduc- 
tion is urgently required, or where the cost of 
obtaining experimental data is an outstanding 
consideration. Recognising the critical importance 
of such factors in the war-time appraisal of new or 
modified equipment and methods, the American 
Statistical Research Group, working at Columbia 
University, actively developed the few existing 
ideas about experimenting in successive stages, and 
similar forerunners of sequential test procedure, and 
rapidly built up an extensive theory of the subject. 
Abraham Wald, Professor of Mathematical Statis- 
tics at Columbia, took the leading part in that task 
and devised, in 1943, a sequential probability-ratie 
test which subsequent applications have shown to 
be strikingly economical compared with the most 
efficient test procedure based on a fixed number of 
observations. 

These, and subsequent advances by himself and 
other specialists in sequential analysis theory, of 
which some account has been published in statistical 
journals since the war ended, have been expanded 
by Professor Wald into a coherent whole against 
a background of the general theory of sequential 
analysis. In the first part of his book, he relates 
the sequential procedure to other methods of 
testing statistical hypotheses and deals with the 
general theory of the probability-ratio test. He 
proceeds to illustrate various applications of the 
general theory so as to bring out specific points of 
interest in testing representative statistical hypo- 
theses, and concludes by briefly outlining a possible 
approach to the largely unexplored problems of 
sequential multi-valued decisions and estimation. 
Particular attention is given to the derivation of 
exact formule for upper and lower limits of the 
author’s functions of average expected sample 
number (ASN) and operating characteristic (OC). 
While many details are not without complexity, 
the main outcome of the method is clearly to reveal, 
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at successive stages of the analysis, whether the 


null hypothesis or the alternative is acceptable, or 
whether further evidence is needed to reach a 
decision with a specified degree of reliability. 

To facilitate the study of his book, the author 
has relegated to an appendix some of the more 
intricate mathematical proofs, and, admittedly, has 
made occasional concessions to completely general 
or rigorous treatment. Even so, the subject is 
formidable enough to tax the more mathematically 
talented among engineers and its detailed study is 
rather a matter for specialists in statistics. At the 
same time, the analytical methods presented have 
such valuable potential applications over a wide 
industrial field that, at least, engineers ought to 
know something about them and to be on the 
alert for opportunities to use them. Industrial 
statisticians already acquainted with the subject 
will, of course, welcome the convenience, both for 
study and reference, afforded by the compact and 
comprehensive exposition now available in Pro- 
fessor Wald’s book, which should assure for it 
a cordial reception in this country. 


Quality Control in Production. By H. RIssIK. 
Isaac Pitman and Sons, Limited, Parker-street, 
London, W.C.2. [Price 21s. net.] 

Ir is a pleasure to welcome this British text-book 
on a subject which is not, as might be gathered from 
some American publications, entirely an American 
development. Mr. Rissik acknowledges that the 
technique of quality control itself was originated 
in 1924 by Dr. W. A. Shewhart of the Bell Telephone 
Laboratories, New York; but great contributions 
to the subject have been made in this country, not 
only in the field of its practical application, but also 
in the underlying statistical theory. Particular 
reference is made by Mr. Rissik to the English 
statistician, Mr. L. H. C. Tippett, whose work on the 
properties of sample range have assisted so greatly 
the application of dimensional control charts to 
everyday machine-shop practice. 

Most of the practical books on this subject which 
have appeared recently follow the common plan of 
an introductory section on the basic principles of 
the nermal law of random variation, followed by 
sections on the method of dimensional control and 
on ‘the method of control by counting defectives, 
and concluding with a section on the organisation 
of a quality-control system in a works. All of them 
take for granted the mathematical derivation of 
the formule for establishing control limits; they 
vary chiefly in the way that they treat the question 
of sampling and the all-important matter of the 
interpretation and application of the information 
which the control charts can give, so as to prevent 
the manufacture of defectives as distinct from their 
mere segregation. Mr. Rissik is concerned mainly 
with the application of quality control to machine- 
shop operations, where, of course, it has had its 
widest use hitherto; and he gives considerable 
attention to the use of the “relative precision 
index” (the ratio between the drawing tolerance 
and the mean sample range) as a measure of the 
capacity of the machine, together with its operator 
and the material, to meet the specified limits of 
dimensional variation. More could have been 
written on the subject of the correct grouping of 
samples to verify suspected causes of trouble. As 
far as the machine is concerned, the author is 
generally content to leave matters at the point at 
which quality control shows it to be inherently 
suitable or otherwise for the job, or in need of 
general overhaul. He does, however, emphasise 
the importance of instantaneous sampling in pre- 
ference to random sampling in checking such factors 
as tool wear and resetting. 

There can be nothing but praise for the clarity and 
thoroughness with which this tricky subject is 
expounded. The author writes extremely well, 
combining precise and correct e with an 
easy manner that smoothes out the wrinkles. Possibly 
the basic procedure is set out in such elaborate 
detail as to make it seem rather more formidable 
than it really is, but the author’s experience may 
well prove that it is desirable to leave no room for 
possible misunderstanding on the smallest point. 


Sir 





That his experience has influenced him greatly in 








writing the book is evident from the great attention 
paid to disproving an objection, popular in the 
shops, that ‘‘ quality control reduces the engineering 
limits and slows production by stopping jobs that 
are according to drawing.” In thus arming the 
reader against trouble, the book adds to its valuc 
to those who wish to introduce quality control i: 
their works. 


Paramagnetic Relaxation. By PRoFEssoR C. J. GoRTER 
Elsevier Publishing Company, Incorporated, Spuistraat 
118, Amsterdam-C ; and Cleaver-Hume Press, Limited, 
42a, South Audley-street, London, W.1. [Price 12s. 
net.) 

THE greater part of this monograph was written 
during the winter of 1944-45, under the grim 
conditions prevailing during the German occupation 
of Holland. Shortage of gas and electricity stopped 
experimental work, and many university labora- 
tories had barely enough fuel to warm a single 
room; but, with exemplary courage, Dutch scien- 
tists devoted their energies to thrashing out theoreti- 
cal problems, working up observational material, 
and planning future work. The results of this 
compulsory period of stocktaking are being pre- 
sented in a series of handy volumes, each written 
by an acknowledged expert. In the field of research 
with which this monograph deals, Professor Gorter 
was a pioneer and much of the work in it has been 
carried out by him or under his direction. Though 
admittedly a somewhat specialised branch of mag- 
netism, it has an important bearing on theories of 
paramagnetism and the crystalline state, and is of 
significant practical importance in connection with 
adiabatic demagnetisation. 

The introductory chapter deals with normal 
paramagnetism, crystalline fields and interaction 
between magnetic ions, paramagnetic dispersion 
and absorption, and includes a brief historical 
sketch. The main experimental methods are then 
reviewed in some detail. In the first of these, a 
paramagnetic sample is introduced into the core of 
a high-frequency oscillatory circuit and the ensuing 
frequency change is detected by the heterodyne- 
beat technique ; subject to certain corrections, this 
frequency change affords a measure of the suscepti- 
bility. In the absence of a constant field, the high- 
frequency susceptibility is always practically equal 
to the static value, but in large parallel fields it 
often decreases considerably. The majority of these 
radio-frequency measurements have been performed 
at liquid-air temperatures. In the second, or 
calorimetric method, a small thermally-insulated 
sample is subjected to an alternating magnetic field 
while its temperature is continuously observed. 
Over a certain frequency range there is a phase lag 
between the magnetisation and the applied field, 
the resulting dissipation of energy appearing as 
heat. For weak fields, it was found that the results 
could be described by a relaxation constant of the 
order of 10-* second and independent of tempera- 
ture. The principal advantage of the third, or 
bridge, method, used at audio frequencies and at 
the temperature of liquid helium, is that dispersion 
and absorption can be measured simultaneously. 
In the following chapter, the results of dispersion 
measurements by the heterodyne-beat method, of 
absorption measurements by the calorimeter me- 
thod, and of their joint determination at liquid- 
helium temperatures by the bridge method, are 
analysed. A table gives a list of pure substances 
on which paramagnetic relaxation measurements 
have been carried out, specifies the methods em- 
ployed, the corresponding frequency range and 
temperature, and indicates the result obtained. 
A résumé of the theory of lattice and spin relaxation 
and of the process of magnetisation is given in 
chapter IV, and the concluding chapter summarises 
the results and draws attention to problems awaiting 
solution. 

Despite a few misspellings, and occasional slips 
in English, this concise and authoritative survey 
should be welcomed by workers in magnetism, both 
in this country and in America; particularly as so 
much of the original work has been published in 
Dutch. Moreover, work done elsewhere is critically 
discussed, though the latest Russian and American 
research is not included as this was not available to 
Professor Gorter at the time of writing. 
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TOOLMAKERS’ TESTS. 


Tue stand of the Department of Scientific and 
Industrial Research at the recent Machine Tool and 
Engineering Exhibition was used for the display of 
research apparatus, photographs, etc., from the depart- 
ment’s establishments and those of certain other 
bodies. The following notes describe three exhibits in 
detail—a method of testing the flatness of surfaces, 
the generation of a standard square, and the recording 
of errors in work from a screwcutting lathe, all from the 
Metrology Division of the National Physical Labora- 
tory. Brief references are also made to certain machine- 
tool tests undertaken by the Production Engineering 
Research Association of Great Britain ; several exhi- 
bits of the British Scientific Instrument Research 
Association; and a display of the work on helical 
Springs carried out by the Engineering Division of the 
N.P.L., and by the Coil Spring Federation Research 
Organisation. An exhibit from the Metrology Division 
of the N.P.L. has already been described, on page 73, 
ante, under the title ‘‘ Testing Circular Division with 
Precision Polygons,” by Mr. C. O. Taylerson, M.B.E. 

The general degree of flatness of a surface plate can 
. be quickly and accurately compared with that of a 
master plate of the same size or larger by the use of a 
three-point comparator, an example of which is shown 
in Fig. 1. The body of the comparator consists 
of a rigid but light beam provided with a foot at 
each end and a third foot situated in the middle but 
offset by about 2 in. from the line joining the other 
two. The distance between the two end feet may be 
adjusted to suit the length of the surface under test, 
and they are clamped equidistant from the central 
foot. The three feet are of hardened steel and have 
spherical ends. The central web of the beam is bored 
to take the stem of a high-quality 0-0001-in. indicator, 
so that the spherically-ended contact point of its 
plunger lies on the line joining the points of contact 
of the two end feet. To guard against the beam acci- 
dentally tilting over, a fourth foot, in the form of a 
spring plunger, is provided at a position symmetrically 
opposite the fixed offset foot. 

As the beam comparator is used mostly for testing 
surface plates with a scraped finish, it is supported 
upon equal slip gauges or lapped pads which serve to 
bridge the smaller hollows in the surface. The method 
of using the instrument is to stand it first on a standard 
surface of known flatness, and then on the plate to be 
tested, and note the indicator readings on each occa- 
sion. The error in flatness of the plate under test, over 
the chosen span, is readily deduced from the difference 
in readings and the known error—if any—of the stan- 
dard surface. By taking a number of measurements 
over a definite network of spans covering the surface, 
it is possible to correlate the results and determine the 
contour of the surface with reference to an arbitrary 
datum plane to an accuracy of about 0-00005 in. 





A tool which is of considerable use to engineers con- 
cerned with precise measurement is an accurate square. 
It should be designed so that its accuracy is readily 
determined by simple direct measurements and will 
remain unimpaired by reasonable use. A form of 
square which complies with these requirements is 
shown in Fig. 2. It is a rectangular frame of hardened 
steel or cast iron, the two pairs of opposite faces 
being spot ground and lapped truly parallel. To test 
the faces for parallelism, the square is placed on a 
surface plate, known to be flat to within a few hundred- 
thousandths of an inch, and is moved about under a 
sensitive indicator graduated to read in 0-0001 in. 

During the process of grinding the second pair of 
faces, their squareness with the first pair is tested by 
means of a simple form of “‘ squareness tester,” shown 
in Fig. 2. This consists of an L-shaped bracket with 
a projecting knife-edge near the base, and an indicator 
rigidly mounted on the bracket at such a height that 
the end of its plunger makes contact with the face of 
the square near its upper corner. It is presented to 
one face of the square so that the knife-edge makes 
contact with the square over its entire width, and the 
reading of the indicator is noted. The square is then 
turned through 180 deg. so that the opposite vertical 
face is brought into contact with the knife-edge of the 
bracket, and a second reading is taken. If the two 
faces are parallel, the error in their squareness with the 
bottom face, over the distance between the indicator 
and the knife-edge, is obtained by halving the difference 
between the two readings. 

A simple and effective method of correcting for any 
error in squareness is illustrated by Figs. 3 to 6. 
Suppose the error to be 0-0005 in. over the length 
of side of a square, as indicated in Fig. 3 (exaggerated). 
Metal to a thickness of 0-0005 in is removed from 
the whole of the side AB, except for a short land 
as Shown in Fig. 4. The block is then stood with its 
side A B upon the datum surface, as shown in Fig. 5, 
and the side C D is spot ground until the metal shown 
by the cross-hatched area is removed and the side C D 
is parallel to the datum surface. Finally, the square 
is stood with its side CD upon the datum surface, 
as shown in Fig. 6, and the side A B is ground accu- 
rately parallel with CD. In the N.P.L. metrology 
workshop, master squares with 20-in. sides have been 
made with faces square with each other to within 
0-0001 in. over their length. 

The apparatus described below provides a continuous 
record of the pitch errors of a screw made in a lathe 
under normal running conditions. It shows the com- 
bined effect of errors in the lead screw, gears and 
abutment faces, and also any loss of motion of the lathe 
tool due to drag of the saddle on the bed. A small 
wheel, which acts as a stylus, is mounted in the toolpost 
of the lathe, and is made to engage with the thread of a 
masterscrew carried betweencentres. Thelathesaddle 
feed is set to correspond with the pitch of the master 
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screw, and, as the stylus wheel is free to move in a direc- 
tion parallel with the axis of the masterscrew, any error 
in the movement of the saddle produces an axial dis- 
placement of the wheel in its bearings. The displace- 
ment is measured by an electrical measuring head 
coupled to an autographic recording apparatus which 
produces a continuous record, at a magnification of 
1,000, of the error in movement of the saddle over the 
length of helix tested. A part of such a record is shown 
in Fig. 7. It is an irregular curve com ‘of a 
number of component sine curves of different wave- 
lengths. The errors are produced by the gr peor wo 
of rotating members, and, to each set of members 
rotating at a particular speed relative to the headstock 
Spindle, there is a corresponding error curve of a 
definite wavelength. 

The use of a master screw as described above will 
show the errors in movement of a saddle when it is set 
to cut a certain pitch, but if, as is usually the case, it is 
desired to trace the cause of any particular error that 
occurs, it is advantageous to adopt a different proce- 
dure. Instead of using a master screw, a trial screw of 
the required pitch is cut in the lathe under test, after 
which the cutting tool is replaced by the measuring 
device. From a knowledge of the pitch of the lead 
screw, and of the numbers of the teeth of the change 
wheels used in-cutting the trial screw, the stylus wheel 
is offset from the original tool position by amounts that 
will provide, in turn, graphs of errors that can be 
attributed to particularrotating members. In this way, 
faulty gear wheels or abutment faces can be detected. 
The method is quick and requires no special measuring 
equipment, apart from the recorder. As a permanent 
record is produced while the lathe is running, an analysis 
of the results can be made at the machine with a 
minimum loss of time. 

The Production Engineering Research Association 
showed several pieces of apparatus, including one for 
assessing the performance of drills. The workpiece 
to be drilled is mounted in a special electric drillin 
dynamometer which gives a continuous indication o 
the torque and vertical thrust. The drills are selected 
and ground so that the effect of variations in the 
shapes, physical properties, etc., can be studied. The 
main criteria by which drill performance is judged 
are: the rate of penetration ; the total life of the drill, 
and the life between successive re-grinds ; the drilling 
efficiency, expressed as the volume of metal removed 
per horse-power-minute or as the power reqiired for 
a given rate of drilling; and the accuracy of the holes 
drilled. In addition to the shapes, physical analyses 
and properties of the drill and the workpiece, the main 
factors which affect drill performance are the design 
and condition of the drilling machine, the speed and 
feed, and the coolant. 

The British Scientific Instrument Research Associa- 
tion had a number of interesting exhibits on the stand. 
A collection of graticules included representative types 
for a wide variety of opticalinstruments. Most were on 
glass, but other supporting media, such a8 mother-of- 
pearl, Perspex and other plastic materials, are also 
used. By employing photographic processes, it is 

ible to prepare graticule patterns having lines only 
$0001 in. in width. Forlines finer than this, diamond 
rulings on glass are used. There were also exhibited a 
spherometer for measuring the curvature of lenses 
without removing them from their mountings, and 
apparatus for determining the most suitable coolant 
for use with diamond-bonded grinding tools. The 
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Association is carrying out investigations on flow 
phenomena in small-diameter pipes with a view to 
improving metering technique. For this purpose it is 
necessary to know the velocity distribution over the 
cross-sectional area of the main immediately upstream 
of the metering device, and one exhibit was e modified 
form of R.A.E. micro-Pitot tube which is being used 
for obtaining these measurements. 

An exhibit pee jointly by the Engineering 
Division of the NN. .L. and the Coil Spring Federation 
Research Organisation comprised charts showing the 
results of theoretical and experimental investigations, 
samples of springs and equipment used during the 
investigations, and examples of springs showing the 
economy in space and material which can be achieved 
by correct design. The organisation was established 
in 1946 in order to extend the value of the work carried 
out during the war under the aegis of the Ministry of 
Supply in collaboration with spring manufacturers. 
An extensive research programme is being under- 
taken, the facilities of the Universities of Manchester, 
Birmingham and Sheffield being utilised. 





APPLICABLE MATHEMATICS AND 
THE ENGINEER.* 


By Dr. J. A. Pops. 


ENGINEERING is one of the branches of applied 
Science the purpose of which is to create material 
objects of immediate utilitarian value to mankind. 
In the creation of these, the engineer calls on many 
branches of science. In many cases the detailed know- 
ledge required in any given branch is beyond his 
capacity and he must rely upon the expert. He must 
be sufficiently intimate with the subject, however, to 
be able to appreciate the significance of the information 
obtained from the specialist. Furthermore, he must 
be able to assess the implications of this information 
on the whole project under consideration. Engineering 
demands, therefore, a very sound grasp of the funda- 
mental principles of a number of branches of science, 
and it is the engineer’s duty to collate, direct and apply 
the more detailed knowledge obtained from the 
specialists to suit the purpose of his design. If the 
design is unsuccessful, then not only will the engineer’s 
reputation be impaired, but considerable loss of capital 
and possible loss of life may be involved. If the 
mathematician makes an error, then, apart from his 
reputation, the greatest loss is a sheet of paper. Thus 
in the engineering profession there is a conservatism 
which is forced upon it by the hard facts of life. 
Engineering is a delicate balance between tradition 
and the application of scientific knowledge. The 
“factor of safety ”’ is really the traditional element in 
design. It follows then that, to the engineer, any 
mathematical process which he is prepared to adopt 
must be capable of physicalinterpretation. Personally, 
I feel this physical interpretation should be at every 
stage of the problem, not just at the formulation of 
the problem and at its solution. 

Few engineering problems are directly amenable to 
mathematical analysis, and certain assumptions must 
be made. The validity of the results obtained will 
depend upon the wisdom with which this is done. 
There is no simple guiding principle which may be 
applied when deciding as the initial assumptions 
which are permissible. Their astute selection depends 
upon almost an instinctive understanding of the 
forces of nature as well as a sound grasp of the funda- 
mental principles involved. Another essential to an 
engineer is “ pictorial thought,” ie., the ability to 
think in three dimensions. This is to some extent 
developed in machine and geometrical drawing. 
Probably elementary solid geometry would also be a 
suitable vehicle for training the recruit. Being 
concerned with things, the engineer rarely takes kindly 
to abstract ideas and for that reason revels in methods 
which transform immaterial quantities like force, 
velocity, E.M.F., etc., into lines. Vector quantities 
and vector diagrams are clear, simple and reliable, 
since error in geometrical construction are so much 
more easily detected than errors in numerical calcu- 
lations. If possible, mathematical solutions should 
always be given a simple vector interpretation, as in 
most cases they assist in the physical interpretation of 
the results. When vectors are applied to rotation, 
however, the conception is complex and ceases to have 
tangible significance, and the engineer views it with 
suspicion. This is the reason why the gyroscopic 
action is rarely fully appreciated. I have found 
students appreciate the direct application of the Coriolis 
component since a much better physical picture is 
obtained. The nature of engineering demands that 
the mathematics should have an applied bias; but it 
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goes without saying that every engineer should have 
a sound grasp of the differential calculus. Graphical 
methods of differentiation and integration should 
be carried out as complementary to the mathematical 
method. To the engineer’s mind this would have a 
great effect on showing the significance of the mathe- 
matical operations. 

One of the most powerful tools that mathematical 
Science has given to engineers is the expresson of 
functions in the form of a series. The most classic 
example is that of harmonic analysis by the use of 
Fourier series, the use of which explains and indicates a 
solution to many bewildering vibration problems. 
Here again harmonic analysis can be carried out by a 
oa geometrical construction which should be 
performed as complementary to the mathematical 
approach. Taylor’s and Maclaurin’s theorems are 
equally important, since differential equations of an 
unfamiliar form can often be solved by the series 
method. Whether the series is convergent or divergent 
should be possible to deduce from the physical inter- 
pretation of the significance of the series in relation 
to the problem under consideration. We cannot 
progress far without that so-called imaginary quantity 
+ =V —1. Give it, however, graphical interpretation 
and it becomes readily comprehensible to the most 
unimaginative engineer. Armed with this magical 
tool we proceed to the hyperbolic functions and thence 
to differential equations. Again the solutions of 
differential equations most met with in engineering 
can be given graphical interpretation. For example, a 
graphical representation of the equation for damped 
oscillations shows at once the significance of the damp- 
ing force and the reason for the phase lag between 
the displacement and the disturbing force. 

Partial differentiation and integration are of value, 
especially the former, which is useful for estimatin 
total errors. For the engineers who are made o 
“sterner stuff’? and who push ahead to problems in 
two or more independent variables, the solution of 
partial differential equations becomes essential, simple 
examples of which are the vibratigns of elastic rods. 
While with general problems of heat flow, elasticity and 
fluid motion, we come face to face with Laplace’s 
equation. A concise solution to this equation, which 
fits the boundary conditions existing in practice, can 
rarely be found, and then it is better to find a solution 
Y a step-by-step method. The most outstanding 
of these methods is the “‘ relaxation method ” developed 
by Sir Richard Southwell. These step-by-step methods 
are tedious and laborious, but only simple arithmetic 
is involved; and any errors in calculation may be 
readily detected and corrected before the final answer 
is determined. What these methods lack in elegance 
they more than gain in simplicity and reliability, which 
are always first essentials in engineering science. 

Finally, a word on “applicable mathematicians.” 
The intellectual make-up of the pure mathematician 
and the engineer are rather widely separated. The 
former is the master of abstract thought and the latter 
the servant of practical necessity. For the imparting 
of knowledge it is essential that the lecturer should 
have an understanding of the working of his students’ 
minds, and in turn the student must have respect for and 
confidence in his lecturer. This involves intellectual 
compatability, which, however, is sometimes lacking 
between mathematical lecturers and their students. 
Often students who are well behaved in all lectures 
in the engineering school behave somewhat barbarously 
in their mathematical lectures. Often, too, the per- 
centage failures in the mathematics examination is 
greater than in any other of the engineering degree 
examinations. This condition shows that the mathe- 
matics has been too difficult or not suitably selected and 

resented. What is needed are mathematicians who 

ave a “‘feel”’ for engineering. They may be regarded 
as “ordinary”’ by pure mathematicians, but, if their 
understanding of engineering and engineers is genuine, 
they will be of great value to the engineering profession 
and find more fruitful fields of endeavour than if they 
had confined themselves to the purer air. Engineering, 
however, does not provide a fruitful field for any mathe- 
matician; the engineering sense is essential, and 
mathematicians who do not possess it can easily mislead, 
and bring themselves into discredit. Great mathe- 
maticians have ‘“‘defrocked”’ themselves and joined 
the ranks of the engineers, a great example being the 
late Prof. Osborne Reynolds; we also have others 
with us today. To such men the engineering sciences 
owe much. Engineering sciences are making more 
and more use of mathematics, but it is a rather special 
kind, demanding a mode of thought not found in all 
mathematicians. From the point of view of the 
university, whether this hybrid is housed in the mathe- 
matics or éngineering school, is of little importance ; 
but every university, which has an engineering school, 
should have at least one mathematician on its -staff 
who is willing to make a special study of mathematics 
for engineers, and interest himself in problems relating 
to engineering research. The problem is not only 
what to teach, but how to teach it. 
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RUGBY LOCOMOTIVE-TESTING 
STATION. 


THE Rugby locomotive-testing station of British 
Railways, a view of the exterior of which is reproduced 
in Fig. 1, opposite, was opened by the Minister of 
Transport, the Rt. Hon. ‘Alfred Barnes, P.C., M.P., 
on Tuesday, October 19. The present chief mechanical] 
engineers of the former main-line railway companies 
were among those who attended the ceremony. Sir 
William Stanier, F.R.S., who, jointly with the late Sir 
Nigel Gresley, was largely responsible for initiating 
the construction of the station, was also present, 
and Sir Eustace Missenden, O.B.E., chairman of the 
Railway Executive, presided at the ceremony. A 
three-cylinder Pacific locomotive, ‘‘ Sir Nigel Gresley,” 
No. 60007, was on the test bed, and the Minister 
formally opened the station by sounding the whistle ; 
the driver opened the regulator and ran the locomotive 
for several minutes. A photograph taken at that time 
is reproduced in Fig. 2, opposite. The gear for lifting 
a locomotive on to or off the test-bed rollers was 
then demonstrated, the engine being driven off and 
brought to a stand outside the main building, alongside 
the four-cylinder Pacific locomotive ‘‘ Sir William A. 
Stanier, F.R.S.,” No. 46256. 

The recently nationalised British Railways have 
inherited the station as a result of the progress made 
before the war and the final work which has been 
done since the project was resumed. It is not the 
first station in this country—there being a smaller 
one at Swindon, which was built in 1805—but it is 
the first which is capable of absorbing the full power 
of a modern locomotive. Hitherto, locomotives have 
been tested by drawing a train with a dynamometer 
car, or, more recently, by hauling a train with special 
braking vehicles. In either case, however, it is impos- 
sible to undertake tests in which the effects of many 
variable factors can be isolated, although with braking 
vehicles the train is run at constant speed. Thus, 
the numerous variables which affect locomotive per- 
formance render a scientific assessment or compari- 
son impracticable. Furthermore, attempts to take 
measurements of pressures, temperatures, etc., while 
a locomotive is travelling, are severely hampered by the 
fact that the engine generally fills the loading gauge 
and by other obvious difficulties. The braking vehicles 
which form a mobile locomotive-testing plant were 
described by Dr. H. I. Andrews, M.Sc. (Eng.), in a 
paper* which he read before the Institution of Mechani- 
cal Engineers on April 16, 1948. The discussion which 
followed the delivery of this paper is of considerable 
interest. Previously the braking vehicles had been 
described briefly in ENa@rNzERING, vol. 164, page 321 
(1947). 

The main object of testing locomotives on a sta- 
tionary test bed, as opposed to testing in ordinary 
service or at constant speed on the track, is to enable 
comparisons to be made of the performance of locomo- 
tives having some distinguishing feature, or of one loco- 
motive with or without a special fitting, or before 
and after a modification in design. Such comparisons 
can be made because the test bed enables all other 
factors to be held constant, or at least their effects 
to be assessed accurately. It is also possible to obtain 
more accurate figures of coal and water consumption, 
especially because a test can be continued for the 
length of time necessary to reduce errors to negligible 
proportions. For certain information to be obtained 
it may be necessary to resort to tests of the same 
locomotive both on the test bed and on the line. By 
running a locomotive on the test bed at constant 
speed, cut-off, regulator-valve opening, pressure, etc., 
the hourly consumptions of coal and water can be 
determined, also indicated horse-power and _horse- 
power at the wheel rims, although the latter is not the 
same as the drawbar horse-power, which is the engine’s 
train-hauling capacity. The consumptions of fuel and 
water are not expected to be appreciably different 
whether running on the test bed or on the track; 
the difference can be determined by tests on the track, 
when the power at the drawbar can also be measured 
at the same speed, etc., as those employed at the 
testing station. Investigations into problems of com- 
bustion and heat distribution in locomotive boilers, 
and others which would be impracticable on the track, 
can also be undertaken. It will be possible to make 
accurate comparisons between locomotives fitted with 
single-, double-, and multi-jet blast-pipes, or with 

ifferent valve gears. 

The late Sir Nigel Gresley, who was chief mechanical 
engineer of the London and North Eastern Railway, 
was a strong advocate of a locomotive-testing station 
in the years between the two World Wars, and he was 
largely respongible for the commencement of the 
project. Sir Henry Fowler, late chief mechanical 
engineer of the London Midland and Scottish Railway, 
and Sir Alfred Ewing, who was chairman of a committee 
which reported favourably to the Department of 


* See ENGINEERING, vol. 165, pages 596 and 620 (1948). 
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Fig. 2. Locomottvze Runnina on Test Bep. 


Scientific and Industrial Research, were also intimately 
connected with the scheme, as will be appreciated from 
an examination of Sir Nigel Gresley’s paper on ‘‘ Loco- 
motive Experimental Stations,” which was read before 
the Institution of Mechanical Engineers at their Sum- 
mer Meeting in Cambridge in 1931, and the subsequent 
discussion. In a written contribution, Sir Alfred Ewing 
recalled the history of their efforts. 

Sir Nigel Gresley had first given public expression to 
his plea for a national testing station in his presidential 
address to the Institution of Locomotive Engineers in 
1927. The Ewing committee was formed in 1928, but 
by the time it reported to the D.S.I.R., the matter 
had to be shelved owing to the economic slump of the 
early 1930’s. When the proposal was revived in 1934, 
a hew committee confirmed the findings of the Ewing 
committee on the desirability of a testing station, but 
not all the partieipants in the scheme were able to 
contribute to the cost, and eventually the L.M.S. and 
L.N.E. Railways decided in 1936 to proceed jointly 
with the construction of a testing station for their own 
use, although they were prepared to make it available 
to others when they themselves were not requiring it. 

In 1937, there were established a superintendin, 
committee, composed of directors and chief officers o 
both railway companies, and a managing committee, 
consisting of the two chief mechanical engineers, in 
order to prepare the final scheme, to construct the 





station and in due course to manage it. At the same 
time, Mr. R. C. Bond (who was then on the staff of the 
L.M.S. chief mechanical engineer, and is now chief 
officer (locomotive construction and maintenance) of 
the Railway Executive) was appointed superintending 
engineer, responsible to the management committee 
which consisted of Sir Nigel Gresley and Mr. (now 
Sir William) Stanier. Rugby was chosen as a suitable 
location for the station. The site is adjacent to the 
motive-power depot, i.e., east of the station, on the 
north side of the main line, and west of the high-level 
line of the Great Central section of the former L.N.E.R. 
This high-level line is shown immediately behind the 
main building in Fig. 1, and it was intended to provide 
a direct connection from this line to the testing station. 
This, however, has not been done, owing to the difficulty 
of arranging a track between lines on considerably 
different levels. In collaboration with Messrs. Heenan 
and Froude, Limited, Worcester, a design for a testing 
plant complying with the requirements of the managing 
committee was evolved. It incorporated the experience 
of the railways in the design and operation of loco- 
motives and of Messrs. Heenan and Froude, Limited, 
in the design and use of many types of dynamometer 
test plants, including some which had been constructed 
for absorbing the power of locomotives. Several 
improvements over previous practice, in the design of 
locomotive-testing plant, were introduced; notably, 


a more clearly defined record of drawbar pull than had 
been possible hitherto was envisaged, by introducing 
an adjustable hydraulic damper between the locomotive 
and the drawbar dynamometer. 

The architectural design and the construction of the 
buildings were undertaken by the chief civil engineer’s 
department of the L.M.S., and the work was well 
advanced when it had to be stopped early in 1940 owing 
to the war. In 1944 the first steps were taken to 
revive the scheme by appointing the late Mr. D. W. 
Sanford as superintending engineer. It was largely 
due to him that the many post-war difficulties in the 
completion of the station were overcome, but, unfor- 
tunately, he had to relinquish his post for health 
reasons early this year and he died a few months later. 
He has been succeeded by Mr. D. R. Carling, M.A., 
A.M.I.Mech.E., M.I.Loco.E. 

The detailed design and construction of the loco- 
motive-testing equipment were carried out by Messrs. 
Heenan and Froude, Limited, Worcester. The test 
bed comprises seven pairs of rollers to support the 
locomotive wheels, five pairs being coupled to Froude 
hydraulic dynamometers which absorb the energy 
developed by the locomotive. The engine is held 
with the centre-lines of its axles vertically above the 
centre-lines of the rollers by being coupled to a drawbar 
dynamometer which registers the tractive effort. No 
power, of course, is absorbed by this dynamometer. 
A longitudinal section through the test house is shown 
in Fig. 3, on page 464. The tender of the locomotive 
is removed and the footplate abuts on to a firing plat- 
form, below which is a dash-pot-gear to damp vibration 
or fluctuations in load in the drawbar. The drawgear is 
shown in Fig. 10, on page 468. If the end of the test 
bed nearest the firing platform is the ‘‘ back,” and 
‘left’ and “‘right”’ are as they would appear to a 
person standing on the platform looking to the front 
end of the test bed, the Froude dynamometers are 
arranged thus: No. 1 dynamometer is on the right ; 
No. 2 on the left; and so on, alternately, to No. 5. 
The pairs of rollers Nos. 6 and 7 are not provided with 
dynamometers, and one or both of them can be used 
simply to support the bogie wheels. Any dynamometer, 
however, can be removed and coupled up to any pair 
of rollers, provided it is always used on the same side 
of the test bed, with the exception that No. 1 dynamo- 
meter is provided with coupling flanges at both ends 
of its main shaft so that it can be used on either side 
of the test bed. If required in the future, two more 
dynamometers can be supplied to bring the number 
of dynamometers up to the number of pairs of rollers, 
and there is also an eighth foundation, suitable for 
another roller-dynamometer unit, at the front end. 
Nos. 1, 3 and 5 dynamometers are shown in Fig. 2, 
and Nos. 2 and 4 in Fig. 9, on page 468. The blanked. 
off end of the shaft of No. 6 unit, on the left of Fig. 9, 
will be noticed. 

Each dynamometer or hydraulic brake is a Froude 
patent hydraulic dynamometer, size §.A. 8, capable of 
absorbing power in one direction only. To test a 
locomotive in reverse gear it is necessary to turn it 
about, so that the footplate is away from the firing 
platform. The power that each dynamometer can ab- 
sorb at different speeds is shown by the hatched area in 
Fig. 4, on 464, from which it will be seen that the 
maximum is 1,200 h.p. at roller speeds between 150 
r.p.m. and about 780 r.p.m., these speeds being equiva- 
lent to about 25 m.p.h. to 130 m.p.h., with rollers 
4 ft. 9 in. in diameter, the peripheral speed of the rollers 
being the same (ignoring slip) as the equivalent track 
speed of thelocomotive. Below 150 r.p.m., or 25 m.p.h., 
a gradually decreasing powercan be absorbed. A series 
of oblique lines of constant tractive effort has been 
incorporated in Fig. 4, but it should be remembered 
that these represent the tractive effort attributable to 
one axle only. The same comment applies to the 
typical curves of performance of some representative 
types of locomotives. This graph was prepared before 
the war, when work was started on the station, hence 
the references to pre-nationalisation railways. 

Although each dynamometer is rated at 1,200 h.p., 
the maximum power that the whole test bed can 
absorb is 4,500 h.p. This figure represents the maxi- 
mum capacity of the cooling plant which dissipates the 
heat generated in the water as it passes through the 
dynamometers. It is stated, however, that the maxi- 
mum capacity of the test bed could be increased to 
6,000 h.p. (5 x 1,200 h.p.) ~ enlarging the cooling 
plant, and presumably it could be increased even more 
if sixth and seventh dynamometers were added. 
Neither of these modifications is likely to be carried out, 
however, as the present capacity of 4,500 h.p. should be 
adequate. 

Froude hydraulic dynamometers are well known, but 
a brief description of the type S.A. 8 will not be out 
of place, especially as the control gear and torque- 
measuring device have been specially designed for the 
locomotive test bed. The drawing reproduced in Fig. 5 
on 465, shows a longitudinal-section through one 





dynamometer, and Figs. 11 and 12, on page 468, show 
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a complete roller and dynamometer unit in the makers’ 
works. The dynamometer main shaft, which is coupled 
to, and driven by, the test-bed roller shaft, carries a 
rotor which has pockets of semi-elliptical cross-section 
formed in each face, and separated from each other 
by vanes. The rotor is in a casing, each half of which 
has a series of similar pockets; the vanes, however, 
face those of the rotor in the opposite direction. The 
vanes in each half casing are drilled with a series of 
holes, radiating from the centres of the cups and in 
communication with an annular waterinlet chamber. 
The two annular chambers are supplied with cool 
water under constant pressure (this is essential if the 
braking effect of the dynamometer is to be kept con- 
stant), the water entering through a hand-operated 
valve on the end of the dynamometer bedplate (see 
Fig. 9, page 468). The water enters the cups and is 
repeatedly thrown to the casing by the rotor; its 
direction and velocity are rapidly changed and power is 
thereby absorbed. The temperature of the water rises, 
the heat absorbed being equivalent to the work done, 
and the water is returned to a cooler. 

The torque transmitted from the rollers to the 
dynamometer casing, through the medium of the water, 
and also through the slight friction of the casing 
genie, is equal to the torque in the shaft. All the 
otces resisting rotation of the shaft strive to turn the 
casing, and the measurement of the casing torque gives 
an accurate indication of the shaft torque. The shaft 
is mounted on Hoffmann bearings: a roller bearing at 
one end, a roller bearing and a ball bearing at the other 
end, and at both ends the bearings are housed in trun- 
nions which are themselves carried in self-aligning ball 
bearings. This arrangement reduces friction to a 
minimum. The dynamometer is built on a cast bed- 
plate which houses the water-inlet pipe and supports 
several components which are described later. It rests 
on two longitudinal soleplates to which it is held during 
a test by bolts in longitudinal T-slots. At one end 
it is bolted to the roller bedplate, and when it is 
required to move the whole unit along, to suit the wheel- 
base of a locomotive, the dynamometer bedplate is 
raised slightly on to four rollers at the four corners by 


means of screws. It is then free to travel, with the 
rollers running on the top faces of the longitudinal 
soleplates. 

The power absorbed by the dynamometer is regulated 
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by means of a back-pressure valve on the water outlet 
side. A longitudinal section through this valve is shown 
in Fig. 8, opposite, and one is visible in Fig. 12, imme- 
diately in front of the dynamometer, having a guarded 
glass cylinder (the expansion chamber in Fig. 8). A 
gear pump mounted on the outer end of the dynamo- 
meter shaft delivers oil to a high-pressure chamber 
(Fig. 8), whence it is released by an adjustable needle 
valve (not shown) to the low-pressure chamber. Here 
the oil is free to ‘‘ expand ” into the expansion chamber 
above, to which the pengeanee pipe is connected. 
The high-pressure and low-pressure cylinders are 
separated by a piston which is connected by a rod to a 
mushroom-type back-pressure valve. The position of 
this valve determines the back pressure in the water 
circuit of the dynamometer, and is itself determined by 
a balance of the forces acting on the piston and the 
back-pressure valve. The water discharge tends to 
force it downwards, but the excess of pressure in the 
high-pressure cylinder over that in the low-pressure 
cylinder tends to force it upwards. With the needle 
valve open to the maximum extent there is little differ- 
ence in the two pressures; the mushroom valve is 
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readily forced open, the back pressure is at a minimum 
and the power absorbed by the dynamometeris also at a 
minimum. With the needle valve closed as far as 
possible, a considerable pressure is built up in the high- 
pressure chamber; the mushroom valve is almost 
closed, the back pressure is high and the power absorbed 
by the dynamometer is at a maximum. 

At all settings of the needle valve, an increase in 
speed of the dynamometer shaft automatically creates 
an increase in back pressure and consequently power 
consumption, owing to the fact that the oil supply is 
proportional to the shaft speed. Thus, the back- 
pressure valve tends automatically to stabilise the load 
and speed. The needle valve in Froude dynamo- 
meters is normally operated by means of a hand-wheel. 
Hand-wheels have been provided, but the valve spindle 
can also be adjusted by the operation of a reversible 
electric motor, to which it is coupled through double- 
reduction gearing and worm gearing. This motor is 
controlled by switches in the control room which will 
be described in detail later. A spring-loaded relief 
valve (not shown in Fig. 8), in parallel with the needle 
valve, guards against accidental oil-pressure overload. 
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The weight of the mushroom valve, piston and rod is 
balanced by a helical spring. 

The torque transmitted to the dynamometer casing is 
resisted by a helical spring, placed vertically in a 
cylindrical housing, and compressed by a vertical rod 
the upper end of which is attached to a pin in two lugs 
projecting from the casing (Fig. 12). When the rollers 
are new, i.e., 4 ft. 9 in. in diameter, the centre-line of 
the pin is 32-571 in. from the centre-line of the dynamo- 
meter shaft. The test bed has been designed to allow 
& maximum “‘ tractive effort” on each roller of 4 tons, 
Le., 8 tons per dynamometer, at a radius of 2 ft. 44 in. 
Thus, by simple proportion, the maximum load on the 
Spring is 7 tons. The spring is made so as to decrease 
2 in. in length for this load, which means that the 
dynamometer casing will rotate a corresponding amount 
between the no-load and maximum-load positions. To 
allow for correction of the system when, owing to wear, 
the roller tyres have been re-ground, the position of 
the pin in the casing lugs can be adjusted, a vernier 
scale being provided for this p . Allowance is 
made for the slight angularity of the rod in the design 
of the spring housing. The lower end of the rod is 
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rounded and acts on the lower end of a hollow piston 
which is within the spring. The upper end of the piston 
is enlarged, and presses on the top of the spring, the 
piston being supported by the cylindrical interior of the 
housing at the top, and by a bush at the bottom. 

The combined load, or “tractive effort,’ at the 
peripheries of the two rollers is indicated approximately 
by a pointer attached to the upper end of the piston and 
projecting through the housing to a scale which is 
graduated in quarter tons. It is indicated accur- 
ately, however, by a dial (not illustrated) which is 
mounted on the bedplate, the pointer being actuated 
by a rack and pinion mechanism from the upper end of 
the spring piston. The load indication is transmitted 
to the control room electrically, by means of a potentio- 
meter circuit. Any tendency for the dynamometer 
Casing to oscillate torsionally is damped out by a dash- 
pot which is mounted on the opposite side of the bed- 
plate to the torque-measuring gear. The dash-pot 
piston is coupled to two lugs on the dynamometer 
casing ; the general arrangement will be a nt from 
Figs. 2 and 9. The dynamometer and cuits Cems 
are lubricated by means of a motor-driven pump on 





supply of fresh cold water, is attached to the underside 
of each dynamometer bedplate. 

The connection between the rollershaft and dynamo- 
meter is by means of an Elcard coupling which allows 
a slight flexibility. Each roller, or “drum,” is fitted 
with a tyre secured bya Gibson ring. The rollercentre 
is keyed on to the shaft, which is 11} in. in diameter at 
this point. The main bearings, which take the weight 
of the locomotive (a maximum of about 11 tons static 
load per bearing) and the additional loads due to 
hammer blow and vibration, are of substantial con- 
struction, as shown in Figs. 6 and 7, above. Two 
Timken taper-roller bearings, the nominal bore of which 
is 10} in., are fitted to each bearing, and are continu- 
ously lubricated by oil under pressure. The main- 
bearing housing is split, the base being fastened to a 
pedestal by bolts which have short helical springs under 
their heads. Between the base and the pedestal there 
is a “‘sandwich” of rubber and steel plates to eliminate 
vibration of the test bed. As this allows the height of 
the locomotive above floor level to vary slightly 
according to its weight, a wedge operated by screws 
and nuts is provided below each dynamometer trunnion 
bearing to enable the height of the dynamometer to 
be adjusted. The wedge is shown in cross-section In 
Fig. 5, and is visible in Fig. 9. 

The pedestal under each main bearing rides on the 
upper surface of a longitudinal soleplate ; unlike the 
dynamometers, however, rollers are not provided to 
take the load when traversing. The pedestals are 
secured during a test by bolts in T-slots in the sole- 
plates. The mechanism for traversing a roller and 
dynamometer unit is clearly shown in Fig. 1]. A 
cross shaft, driven through reduction gearing by & 
motor, passes through plain bearings in each pedestal, 
and is provided with a pinion at each end (inside the 
pedestals); these pinions engage with racks on the 
upper surfaces of the longitudinal soleplates. A clutch 








is provided, operated by a lever on the outside of one 
pedestal. The motor and gearing are mounted on a 
“ bridge piece ”—a casting which ties the two pedestals 
together. The minimum distance between the centre- 
lines of two adjacent units is 5 ft. 

(To be continued.) 





NEW VESSELS FOR ISLE OF WIGHT SERVICE.—Two 
new motor passenger vessels, the Southsea and the 
Brading, will shortly go into service or the Portsmouth- 
Ryde route to the Isle of Wight. They have been built 
by Messrs. William Denny and Brothers, Limited, 
Dumbarton, and will replace the old Southsea and 
Portsdown, which were lost during the war. Twin 
screws are driven by. two sets of Sulzer two-stroke eight- 
cylinder Diesel engines, each developing 950 brake horse- 
power. Both vessels have a speed of 144 knets and are 
the first in this service to be propelled by screws. — 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ WaRMIA.’’—Single-screw cargo vessel built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Gdynia America Shipping Lines 
(London), Limited, London, W.C.2. Main dimensions : 
220 ft. by 36 ft. by 21 ft. to shelter deck; deadweight 
capacity, 1,260 tons. Polar marine engine of 960 b.h.p., 
constructed by Messrs. British Polar Engines, Limited, 
Glasgow. Trial trip, October 28. 


M.S. “ THORSHALL.’’—Single-screw cargo vessel built 
by The Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for A/S Thor Dahl, Sandefjord, 
Norway. First of three. Main dimensions: 390 ft. by 
53 ft. 6 in. by 34 ft. 6 in.; deadweight capacity, 6,200 
tons on a load draught of 23 ft. 82 in. Four-cylinder 
opposed-piston Hawthorn-Doxford Diesel engine of 
4.400 b.h.p. supplied by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, and 
installed by the shipbuilders. Speed on trial, 16 knots. 
Trial trip, October 30. 


S.S. ““Epwarp WItsHAW.”—Twin-serew cable ship 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Neptune Shipyard, Newcastle-upon-Tyne, for 
Messrs. Cable and Wireless, Limited, London, W.C.2. 
Twenty-first cable ship built at the Neptune shipyard. 
Main dimensions: 311 ft. by 41 ft. by 25 ft. 9 in. to 
upper deck; deadweight capacity, about 2,090 tons on 
a draught of 19 ft. Two triple-expansion engines to 
develop 2,100 i.h.p. collectively, with three multitubular 
Scotch boilers, supplied by the shipbuilders. Speed on 
trial, 12% knots. Launch, November 1. 


S.S. ‘ COLVILLE.”—Single-screw collier built by Messrs. 
S. P. Austin and Son, Limited, Sunderland, for Messrs. 
Coastwise Colliers, Limited, London. Main dimensions: 
317 ft. 6 in. (between perpendiculars) by 44 ft. 6 in. by 
22 ft. 1 in.; deadweight capacity, 4,350 tons, on a mean 
draught of 19 ft. 10} in. Triple-expansion engines sup- 
plied and installed by the North Eastern Marine Engi- 
neering Company (1938), Limited, Sunderland. Service 
speed, 10 knots. Launch, November 2. 


S.S. “ Maraura.”—Single-screw cargo vessel, built 
and engined by Messrs. Smith’s Dock Company, Limited, 
South Bank-on-Tees, for Rederi A/S Norsk Transatlantic, 
Qslo, Norway. Main dimensions: 300 ft. (between 
perpendiculars) by 46 ft. 7 in. by 28 ft. 3 in. to shelter 
deck; deadweight capacity, about 3,600 tons on a 
draught of 19 ft. Fredriksstad-type steam engine of 
1,700 i.h.p., giving a speed of about 12 knots. Launch, 
November 2. 

M.S. “ ANTILOCHUS.”’—Single-screw cargo liner, carry- 
ing 12 passengers, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. Main dimensions: 485 ft. by 
62 ft. by 35 ft.; deadweight capacity, 9,000 tons. 
Eight-cylinder double-acting two-cycle Harland-B. and 
W. Diesel engines. Launch, November 2. 


8.S. “ LorD FRASER.”—Single-screw trawler built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Lord Line, Limited, Hull. Main dimensions: 
175 ft. (between perpendiculars) by 30 ft. 6 in. by 16 ft. 
Triple-expansion engines constructed by Messrs. Chas. D. 
Holmes and Company, Limited, Hull. Launch, Novem- 
ber 3. 

S.S. “ Crry or LIVERPOOL.”—Single-screw cargo liner, 
carrying 12 passengers, built by Messrs. Cammell Laird 
and Company, Limited, Birkenhead, for Messrs. Ellerman 
Lines, Limited, London, E.C.3. Main dimensions: 
450 ft. (between perpendiculars) by 61 ft. 6 in. by 
33 ft. 3 in. to upper deck ; draught, 28 ft. 3 in. Single- 
reduction geared turbines with two oil-fired Babcock and 
Wilcox water-tube boilers. Launch, November 4. 

8.3. “ Prince Puiuir.”—Single-screw trawler built 
by Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for The North Cape Fishing Company, 
Limited, Grimsby. Main dimensions: 167 ft. (between 
Perpendiculars) by 29 ft. by 15 ft. 3 in.; fish-room 
capacity, 13,000 cub. ft. Triple-expansion engines of 
850 i.h.p., and one oil-fired single-ended boiler, supplied 
and installed by Messrs. Chas. D. Holmes and Company, 
Limited, Hull. Sea speed, loaded, 12 knots. Launch, 
November 4. 

M.S. “ Boreny.”—Single-screw tanker built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for Messrs. Fred. Olsen and Company, Oslo, Norway. 
Main dimensions: 487 ft. 6 in. by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in. Six-cylinder single-acting four-stroke Har- 
land-B. and W. Diesel engine. Launch, November 4. 


M.S. “*‘ Goopwin.”—Twin-screw cargo vessel built by 
The Caledon Shipbuilding and Engineering Company, 
Limited, Dundee, for The Clyde Shipping Company, 
Limited, Glasgow. Main dimensions: 235 ft. by 38 ft. 
by 18 ft.; deadweight capacity, 1,271 tons. Two Alas 
Diesel-engines, developing an aggregate of 1,920 b.h.p. 
and giving a speed of 13 knots, supplied by Messfs. 
British Polar Engines, Limited, Glasgow. Trial trip, 
November 5. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


X-Ray Film.—A new specification, B.S. No. 1443, of 
importance to technicians in engineering and physical 
laboratories, and to the medical profession, stipulates 
the size of X-ray film and intensifying screens, as well 
as the internal sizes of cassettes, adopted for future use. 
The Specification has been prepared at the request of the 
manufacturers of X-ray equipment and accessories, and 
the committee charged with the work has found it 
possible, by consultation with the medical and engi- 
neering interests involved, to provide satisfactorily 
for all applications by the adoption, as standard, of 
ten inch-sizes and six metric-sizes of film and screen. 
The metric sizes will serve also to meet the needs of 
the export markets. These sixteen sizes will replace 
— of thirty formerly in use in this country. 
[Price 2s., postage included. ] 


Staff-Location Systems.—The Codes of Practice 
Committee for Civil Engineering, Public Works and 
Building have issued, as a draft for comment, Code 
No. 327,402, covering staff-location systems, prepared 
by a committee convened by the Institution of Elec- 
trical Engineers. The systems described comprise 
those employing a single lamp, bell or other sounder 
at each signal point; those employing two or more 
lamps at each signal point; and those employing 
electro-mechanically operated indicators. Power- 
supply arrangements are considered and there are 
recommendations on the choice of the source of power 
and operating voltages for particular conditions and 
types of installation; guidance is also given on the 
selection of suitable cables, wires and fittings. Com- 
ments on the draft Code should be sent to the Codes of 
Practice Committee, at 42, Onslow-gardens, London, 
S.W.7. Those received up till December 1 will be 
examined by the Code and Drafting Committee. The 
final draft will be submitted by the Engineering 
Services Sectional Committee for the approval of the 
Codes of Practice Committee. [Price 3s., postage 
included. ]} 





BOOKS RECEIVED. 


The Journal of the Iron and Steel Institute. Volume CLIV. 
1946. No.II. Editor: K. HEADLAM-MORLEY, Secre- 
tary. The Iron and Steel Institute, 4, Grosvenor- 
gardens, London, S.W.1. 

The Electricity Act, 1947. By SIR JOHN DALTON. Re- 
printed from Butterworth’s Annotated Legislation 
Service. Butterworth and Company (Publishers), 
Limited, Bell-yard, Temple Bar, London, W.C.2. 
[Price 21s. net.] 

British Intelligence Objectives Sub-Committee Overall 
Reports. No. 7. The Rubber Industry in Germany 
During the Period 1939-1945. By T. R. Dawson. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2s. 6d. net.] 

Department of Scientific and Industrial Research. Treat- 
ment and Disposal of Industrial Waste Waters. By 
Dr. B. A. SourHGaTE. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.] 

The Railway Handbook, 1948-1949. Compiled under the 
direction of the Editor of The Railway Gazette. The 
Railway Publishing Company, Limited, 33, Tothill- 
street, Westminster, London, S.W.1. [Price 5s.] 

Brisbane City Council. Ninth Volume of the Brisbane 
Statistics. Embracing the Period from the Inception of 
the Council in 1925 to the end of the Financial Year, 
1946-47. The Town Clerk, City Hall, Brisbane, 
Australia. 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. L/T174. The 
Behaviour of Pressboard Under Compression. [Price 
18s. net.] No.L/T175. The Conditioning of Industrial 
Dielectrics. [Price 6s. net.] No. L/T176. Methods of 
Maintaining Atmospheres of Known Temperature and 
Humidity. By C. G. Garton. [Price 6s. net.] No. 
L/T177. Tracking in Solid Insulating Materials: A 
Critical Résumé. By Dr. V. E. YARSLEY and W. J. 
GRANT. [Price 9s. net.) No. L/T179. Generalisation 
of a@ Formula for the Shape of Collision-Broadened 
Spectral Lines. By R. Husy. [Price 9s. 6d. net.] 
No. L/T184. Polarisation of Dielectrics by Slow 
Particles. By H. FrOsLicH and H. PetzerR. [Price 
6s. net.] No. Y/T12. The Effect of Cold Inflow Rate, 
Orifice Design and Storage-Water Temperature on 
Stratification in Domestic Hot-Water Storage Vessels. 
By M. V. Grirrira. [Price 6s. net.] Offices of the 
Association, 15, Savoy-street, Strand, London, W.C.2. 

Building Technicians’ Diary, 1949. Association of 
Building Technicians, 5, Ashley-place, Westminster, 





London, 8.W.1. [Price 5s. net.] 
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PERSONAL. 


LIEUT.-COLONEL D. MCMULLEN, R.E., formerly chief 
operating superintendent, North-Western Railway, 
Pakistan, has been appointed an Inspecting Officer of 
Railways, Ministry of Transport. 

Mr. WILLIAM GUTHRIE, B.Sc., A.M.LE.E., lately 
Electrical Engineer to the North of Scotland Hydro- 
Electric Board, has entered the firm of Strain and 
Robertson, consulting engineers, 154, West George- 
street, Glasgow, C.2, as a partner. The name of the 
firm will remain unchanged. 

Mr. J. B. M. Mason, Chief Engineer in the Fuel 
Efficiency Branch, Ministry of Fuel and Power, is to 
take up an appointment with Powell Duffryn Technical 
Services, Limited, in connection with new branch offices 
in Sheffield and Newcastle-upon-Tyne. 

Mr. ARTHUR POOLE, M.I.Mech.E., has retired from the 
position of consulting engineer with the Davy and United 
Engineering Company, Limited, Park Iron Works, 
Sheffield, 4, a position held by him since August, 1947. 

Mr. J. McHuau, assistant to the chief engineer, 
Leyland Motors Limited, Leyland, Lancashire, has been 
appointed chief engineer of the newly-created company, 
LEYLAND Morors (CANADA) LIMITED, fermed in con- 
junction with A. V. Roe, CANADA, LIMITED, to promote 
the sale of British-built Leyland products in the 
Dominion. 


Mr. G. H. Mies, until recently a director and chief 
designer of Miles Aircraft, Limited, has joined the staff 
of Airspeed, Limited, Christchurch Aerodrome, Hamp- 
shire, as assistant chief designer. 

Mr. W. A. MCNEILL, B.Sc. Tech. (Manch.), M.I.E.E., 
has been appointed chief switchgear engineer of the 
Brush Electrical Engineering Company, Limited. He 
commenced his duties on November 1. 

Mr. P. M. JONES, who has worked in the drawing office 
of Messrs. Short Brothers and Harland, Limited, Roches- 
ter, and their predecessors, for 39 years, has now retired, 

Mr. W. CAMPBELL ALLAN is retiring from his position 
as secretary of Messrs. Richardsons, Westgarth and 
Company, Limited, and their associated companies, on 
December 31, and will be succeeded by Mr. F. R. 
MOBERLY, B.A. 

Mr. W. H. Gtossop, assistant to the Principal and 
chief instructor, Derby School of Travsport, has been 
appointed Training and Education Officer, R.E. Head- 
quarters, London. 

Mr. F. N. GARSIDE, A.M.I.Mech.E., chief construc- 
tional assistant to the Brighton Corporation Electricity 
Department, in charge of design and construction at the 
Southwick ‘“‘ B” power station, and since vesting day 
acting for the British Electricity Authority in the same 
capacity, has now joined Messrs. James Howden and 
Company (Land), Limited, as Leeds branch manager. 

Following the death of SiR ARTHUR WHITTEN-BRowN, 
K.B.E., M.I.E.E., Mr. J. S. HALL has been appointed 
acting manager of the Swansea sub-office of Metropolitan- 
Vickers Electrical Company, Limited , Manchester, 17. 

Mr. A. H. BECKWITH, who was associated for many 
years with Babcock and Wilcox Limited, has been 
appointed London manager of the Engineering Centre. 
He will also act as liaison officer to overseas buyers. 


THE PETROLEUM INFORMATION BuREAU and the 
PETROLEUM F1iLMsS BUREAU are to remove their offices 
to 29, New Bond-street, London, W.1, as from to-day. 
(Telephone (unchanged): REGent 7565 and 6308). 


Mr. H. D. ROBERTS, who for some years has been 4 
senior executive of British Insulated Callender’s Cables, 
Limited, and chairman of a number of committees 
connected with the cable-manufacturing industry, has 
been appointed commercial manager to the Affiliated 
Manufacturers’ Association of the Cable Makers’ Asso- 
ciation. 

MESSRS. ALFRED BULLOWS AND Sons, LIMITED, Long- 
street, Walsall, Staffordshire, announce that Messrs. 
A. A. JONES AND SHIPMAN, LIMITED, Narborough-road 
South, Leicester, are now the sole selling agents for 
Bullows pneumatic compound tables and pull-down jig 
fixtures. This agency was previously held by MESSRS. 
E. H. Jones (MACHINE TOOLS), LIMITED. 

Messrs. FOLLSAIN METALS LIMITED, Lutterworth, 
near Rugby, have changed their name to FOLISAIN- 
WYCLIFFE FOUNDRIES LIMITED, consequent upon 
acquiring full control of WYCLIFFE FOUNDRY AND 
ENGINEERING COMPANY, LIMITED. The products of both 
firms will now be marketed by Follsain-Wycliffe Foun- 
dries, Limited. 

By mutual arrangement, the sole selling rights, for 
the home market, of the instruments made by the Sigma 
INSTRUMENT CoMPANY, LIMITED, will be transferred from 
Messrs. E. H. Jones (MACHINE TOOLS), LIMITED, 
London, to Messrs. ALFRED HERBERT LIMITED, Covel 
try, as ahd from January 1, 1949. Messrs. E. H. Jones 
will be the sole export distributors for Sigma measuring 
instruments and the sole home and export agents for the 
Sigma milling and drilling machine. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Although the introduction of the 
Iron and Steel Bill has been the main topic of conver- 
sation recently among Scottish steelmakers, the new 
measure has had no effect on activities in the industry. 
While expressing general disapproval of the Bill both 
employers and employees are meantime concentrating 
their energies on the more practical business of production 
and disposal of iron and steel, the manufacture of which 
bas been maintained at the satisfactory level attained last 
month. Raw materials have been coming forward 
regularly, and although scrap supplies will be severely 
taxed in the next few months to maintain steel produc- 
tion, prospects are more encouraging than they were 
some months ago. Re-rollers of bars, light sections, 
and sheets are in a more comfortable position than they 
have been for some time, while the shortage of raw 
materials for the production of light sheets has been 
eased by imports of Belgian sheet bars. Home supplies 
of billets and slabs have also shown some improvement. 

Scottish Coal.—A situation fraught with the possibility 
of considerable production losses in Scotland showed 
signs of developing in Ayrshire last week when strikes 
were staged at a number of pits in the area as a protest 
against an award of 101. in favour of the N.C.B. against 
each of 15 men sued for damages for breach of contract 
arising out of an unofficial stoppage at Glenburn Colliery 
on July 27 last. Losses exceeded 6,400 tons a day, or 
some 48 per cent. of normal production. Electric 
power stations and industrial users suffered considerably 
from the loss of graded fuel, while general consumers in 
Northern Ireland and Eire were deprived of important 
tonnages. Apart from occasional stoppages elsewhere 
in the Division production was fairly steady, and following 
mild weather, the fuel position continues moderately 
good, although any extension of the Ayrshire disputes 
could cause difficulties. House-coal merchants’ sales 
fluctuate with varying outside temperatures, but depot 
stocks are satisfactory. Little change occurs in graded 
fuel. Metallurgical coke demands are satisfactorily 
met, but further outlets for gas coke would be welcome. 
Graded anthracite is in strong demand, and gum is also 
in good request, fair-sized shipments being negotiated 
periodically for Holland. Bituminous exports are on 
familiar lines, Eire, Finland, Sweden, and Denmark 
being the principal operators, with other Continental 
countries taking smaller tonnages. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—The Welsh steam-coal market 
has experienced a larger demand than could be handled. 
Home requirements were very heavy and accounted for 
the bulk of the standing outputs, while commitments 
were substantial for a long time. On export account, a 
good business had been arranged for the present month. 
Allocations to Portugal will be at about the level of 
recent months. France and the Argentine are scheduled 
to receive large quantities. There was some improve- 
ment in trading conditions with Spain and Italy, and 
some heavy sales have been effected for delivery to Brazil 
over the remainder of the year. The demand is still 
very active for finished products in the iron and steel 
and allied trades of South Wales. Owing to the makers’ 
well-filled order books, however, new business was not 
easy to arrange. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates continued 
strong. Sales, however, showed a slight falling off, no 
doubt op account of the heavy commitments of makers 
for the present quarter. In the export market the lack 
of supplies is making business slow. Steel sheets con- 
tinue to be in great demand and orders are very difficult 
to place. Great efforts are being made to increase the 
deliveries of scrap from home and other sources. 





R.E.M.E. RE-UNION DINNER.—About 700 serving 
and demobilised R.E.M.B. officers attended the Corps’ 
first Re-union Dinner, which was held at the Seymour 
Hall, London, W.1, on Friday, November 5. General 
Sir Sidney OC. Kirkman, K.B.E., Quartermaster-General 
to the Forces, and Mr. Michael Stewart, M.P., Under- 
Secretary of State, War Office, were the principal guests ; 
Major General W. 8S. Tope, C.B., C.B.E., Director 
of Mechanical Engineering, was in the chair. The toast 
of the guests was proposed by Major General Sir E. 
Bertram Rowocroft, K.B.E., C.B., Colonel Commandant 
of R.E.M.E. Several speakers referred to the need for 
more tradesmen in the Regular Army and the Territorial 
Army. It was difficult to get men to servein the Regular 
Army without a fi fal ind t sufficiently high to 
be attractive in these times of full employment in in- 
dustry ; but if it were provided, there would be the 
unfairness that the rate of pay of the trained infantry- 
man, gunner, etc., would compare unfavourably with 
that of the R.E.M.E. tradesman. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Shortage of materials is the chief 
handicap to fuller production. This is being remedied 
gradually by arrivals of scrap and a fuller production of 
some brands of pig-iron. Some concern is felt at what is 
considered to be an inadequate reserve of winter stocks 
of coal at some steelworks and special allocations of coal 
are to be made so that reserves can be built up. Curtail- 
ment of the use of gas and electricity has necessitated 
the working of staggered hours and caused some dis- 
organisation of production in many works. Allocations 
of high-carbon steels are more satisfactory, and less 
inconvenience is being caused in shops making steel 
products. Production of Siemens acid steel is very 
satisfactory. High-speed steel is in reduced request. 
The output of stainless steel is steadily increasing, but 
much leeway will have to be made up if the require- 
ments of the chemical and other industries are to be 
met. Satisfactory progress is being made with work on 
some big contracts for steelworks plant and machinery, 
some business being held up by steel-trade uncertainties. 
Wire-rope makers need larger supplies of wire. Agricul- 
tural steel firms are planning their winter production now 
that numerous orders have been received for machine parts 
and edge tools. 

South Yorkshire Coal Trade.— Coal production is 
steadily increasing and it has been possible to dispatch 
larger supplies to the Humber ports for export and for 
coastwise trade. Export coal business is much more 
satisfactory than a year ago and is expanding. Coking 
coal is in good request and supplies are adequate, but 
quality is not always satisfactory, the ash content bei: g 
excessive. Furnace coke is quickly taken up, and the 
make of gas coke exceeds the demand. House coal is in 
good demand, but supplies during the winter will not be 
sufficient to ensure full deliveries of sanctioned quantities. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The enormous and still rising aggre- 
gate tonnage output of iron and steel is rapidly taken 
up as it becomes available and the overtaking of cus- 
tomer’s requirements is not yet in sight. The quantities 
of raw material available are quite as good as was antici- 
pated. Parcels of fuel reaching consuming plants are 
sufficient for current requirements; a rather better 
output of Cleveland ironstone is reported ; and imports 
of high-grade foreign ore are maintained at a high level. 
The delivery of iron and steel scrap is now more regular 
and much larger than has been the case for some time. 
Pig iron, especially foundry quality, is still wanted in 
considerably larger quantities than are available. Record 
outputs of steel are being reached, but supplies are still 
much below the unprecedently heavy demands both for 
home purposes and for export. Intimation that the 
various subsidies to the steel trade are under review and 
may be withdrawn has occasioned a fear of rapid rise in 
prices and widespread inflationary effects. 

Foundry and Basic Iron.—There seems little likelihood 
of improvement if the small and irregular make of foun- 
dry pig on Tees-side, but the reported change-over of a 
Midland basic blast-furnace to the production of foundry 
pig is welcome news, as North-East Coast founders are 
taking the bulk of their iron supply from the Midlands. 
The whole of the basic-iron output in the Cleveland area 
continues to be absorbed by the needs of makers’ own 
steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Regular 
users of East-Coast hematite are calling for larger de- 
liveries than they are receiving. Stocks are at a low ebb 
and the limited make is quickly taken up for early use. 
Low- and medium-phosphorus grades of iron are not in 
sufficient supply to deal fully with consumers’ needs and 
refined iron manufacturers have contracts to execute that 
will ensure the full activity of their plants until the end 
of the year. 

Manufactured Iron and Steel.—The semi-finished and 
finished iron branches of the industry are actively 
engaged and the work in hand will keep them busy for 
some time. Semi-finished steel commodities are becom- 
ing less scarce due, largely, to better supplies from the 
Continent ; but certain categories are still in short supply. 
Re-rollers are in urgent need of larger deliveries of small 
billets and sheet makers are not yet able to secure 
adequate parcels of sheet bars. All classes of finished 
steel are extensively sold well ahead and buyers are 
anxious to negotiate for further substantial supplies for 
home purposes and for shipment overseas. 





Discussion ON HELICOPTERS.—A full-day discussion 
on Helicopters will be held by the Royal Aeronautical 
Society on Saturday, November 20, with sessions at 
11 a.m., 2.30 p.m., and 5 p.m., at the Institution of Civil 
Engineers, Great George-street, London, S.W.1. The 
programme was given on page 189, ante. 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF SANITARY ENGINEERS.—Monday, 
November 15, 3 p.m., Congress Hall A, Olympia, W.14. 
“ Recent Developments in the Treatment of Industrial 
Effiuents,” by Dr. B. A. Southgate. . 

INSTITUTE OF TRANSPORT.—Monday, November 15, 
5.30 p.m., 66, Portland-place, W.1. ‘‘ Integration of 
Transport,’’ by Sir Cyril Hurcomb. South Wales Section : 
Wednesday, November 17, 7.15 p.m., Institute of Engin- 
eers, Park-place, Cardiff. Discussion on ‘‘ Education in 
Management for Transport.” 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey 
Centre: Monday, November 15, 6.30 p.m., Royal 
Institution, Colquitt-street, Liverpool. ‘“‘ Analysis- 
Synthesis Telephony and the Vocoder,” by Mr. R. J. 
Halsey and Dr. J. Swaffield. Measurements Section: 
Tuesday, November 16, 5.30 p.m., Victoria-embankment, 
W.C.2. Discussion on “‘ Tel icati Efficiency.” 
East Midland Centre: Tuesday, November 16, 6.30 p.m., 
Electricity Showrooms, Derby. “Load Dispatching 
and the British Grid System,” by Mr. A. R. Cooper. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, November 15, 7.30 p.m., Royal 
Victoria Hotel, Sheffield. ‘“‘ Water Turbines,” by Mr. F. 
Williams. ’ 

Royat Socrery oF ARTS.—Tuesday, November 16, 
2.30 p.m., John Adam-street, W.C.2. ‘‘ Recent Scientific 
Developments in South Africa,” by Dr. Basil F. J. 
Schonland. 

INSTITUTION OF CIVIL ENGINEERS.—Great George- 
street, S.W.1, Tuesday, November 16, 5.30 p.m., 
“Meteorology in Relation to Airport Construction and 
Design,” by Mr. D. A. Davies. Thursday, November 18, 
5.30 p.m. Joint Meeting with the Sociér& DES INGEN- 
IEURS CIVILS DE FRANCE (BRITISH SECTION). ‘“‘ Recon- 
struction of Le Havre Harbour,” by Mr. P. Callet. 
Newcastle-upon-Tyne Association: Tuesday, November 
16, 6.15 p.m., Mining Institute, Westgate-road, New- 
castle-upon-Tyne. ‘“‘ Geology of Water Supply,” by 
Professor H. G. A. Hickling. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 16, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ The Military Ports of 
Cairnryan and Faslane,” by Sir Bruce G. White. 

INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section : Wednesday, November 17, 2.30 p.m., Institution 
of Civil Engineers, Great George-street, S.W.1. Annual 
Meeting. 

ROYAL UNITED SERVICE INSTITUTION.—Wednesday, 
November 17, 3 p.m., Whitehall, S.W.1. “‘ Gas Turbine 
and Its Place in Service Aviation,” by Air Commodore 
F. R. Banks. 

RoyaL METEOROLOGICAL SocleTy.—Wednesday, 
November 17, 5 p.m., 49, Cromwell-road, S.W.7. Dis- 
cussion on “‘ Physics of Clouds,” opened by Mr. F. H. 
Ludlam. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, November 17, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. “‘ History of Southern 
Railway Locomotives to 1938,” by Mr. C. S. Cocks. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, November 17, 7 p.m., James 
Watt Institute, Birmingham. ‘‘ Production Practice and 
Research in the United States,” by Dr. H. Orenstein. 
London Section: Thursday, November 18, 7 p.m., 
Royal Empire Society, Northumberland-avenue, W.C.2. 
“ Plastics Moulds,” by Mr. E. Robinson. “ Plastics 
Moulding and Production Practices,” by Mr. J. Butler. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
November 18, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “Gas Turbines and Prospective Users,” by 
Mr. R. J. Welsh. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
November 18, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Sinking No. 5 Shaft, Van 
Dyk Consolidated Mines,” by Mr. T. L. Blunt. “ Dia- 
mond-Drill Blast-Hole Practice,” by Messrs. H. F.-C. 
Nevill and W. K. Burgess. 

INSTITUTION OF MECHANICAL - ENGINEERS.— Midland 
Branch: Thursday, November 18, 6 p.m., James Watt 
Institute, Birmingham. Film on “Steel Foundry 
Practice.” East Midlands Branch: Friday, November 19, 
7 p.m., College of Technology and Cc ce, Leicester. 
“ Radio Valve Technique,” by Messrs. J. W. Davies, 
H. W. B. Gardiner and W. H. Gomm. Institution: 
Friday, November 19, 6 p.m., Storey’s-gate, S.W.1. 
35th Thomas Hawksley Lecture, on ‘“‘ Heat Engines,” by 
Mr. K. Baumann. 


JuNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 19, 6.30 p.m., 39, Victoria-streét, S.W.1. Annual 
Meeting. North-Western Section: Saturday, November 
20, 2.30 p.m., 16, St. Mary’s Parsonage, Manchester. 











“The Electron Microscope,” by Mr. M. Venner. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 


“ ENGINEERING,” LESQUARE, LONDON. 
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POWER FROM THE WIND. 


Tue force of the wind has been utilised for the 
production of mechanical power for uncountable 
generations. Installations have been and are on 
a small scale, but, just as modern hydro-electric 
power stations have developed from primitive water 
wheels, it is reasonable to surmise that similar pro- 
gress might be made in the field of wind power. The 
matter has not been neglected ; many suggestions 
have been put forward and some work, mostly on 
a modest scale, has been done. The most ambitious 
project is probably that of Honnef, of Berlin, who, 
a few years before the war, proposed a 50,000-kKW 
wind-turbine unit consisting of a steel tower, 
1,000 ft. high, carrying five generating sets. The 
schemes of this inventor have received much 
publicity, but there is no evidence that any prac- 
tical work was done in connection with them. 
Both technical and economic considerations demand 
a more modest approach to the complicated ques- 
tions involved. There have been several more 
reasonable attempts to develop wind power. In 
1929, a two bladed turbine unit, 20 m. in diameter 
and carried on a steel tower, was erected at Bourget 
in France; we have no information about its 
output. In 1931, a 100 kW unit was built near 
Yalta, in Russia. This had a two-bladed wind 
turbine, 100 ft. in diameter, and ran in connection 
with a peat-burning station at Sevastopol, 20 miles 
away. Attempts have also been made to develop 
wind-power sets by utilising the thrust exerted by 
a cylinder spinning in a wind stream, as in the 
Flettner rotor ship. In 1926, Flettner built a 
windmill, the four blades of which were tapered 
rotating cylinders driven by electric motors. The 
blades were 16 ft. 5 in. long, and drove a 30-kW 
direct-current generator. Some experimental work 
was also done in the United States with a Flettner 
rotor, a cylinder 28 ft. in diameter and 90 ft. high 
being built at Burlington, in New Jersey, in 1933 ; 
but the thrust developed when the cylinder was 
spinning did not suggest that the system could 
form an economic basis for power generation. 

These various experiments and others have added 
to the general body of knowledge bearing on the 
subject of wind power, but they were all on a small 














scale ; if wind turbines are ever to hold an important 
place in the field of power supply, some more 
ambitious experimental work is necessary. It 
would be folly to try to build a 50,000-kW set, 
but adequate conclusions about large-scale possi- 
bilities cannot be drawn from 30-kW units. Credit 
for the first practical attempt to solve the problems 
presented by this field of possible development 
must go to Mr. Palmer C. Putnam and the S. Morgan 
Smith Compary, who designed and constructed the 
1,250-kW wind turbine on the hill known as 
Grandpa’s Knob, 12 miles west of Rutland, in 
Vermont. The capacity chosen was sufficiently 
large to enable data to be established on which 
more powerful sets could be designed, and, from 
the first, it was intended that the unit should be 
connected to a public supply system. If progress 
is to be made in utilising wind power on a large 
scale, it is essential that the wind-power sets, or 
wind-power stations, should be connected to a 
network supplied by steam or water-power stations. 
Only in this way can the intermittent service 
rendered by the wind be properly utilised and full 
benefit derived from periods in which winds are 
more than usually constant. 

A description of the Grandpa’s Knob unit 
appeared in our issue of July 31, 1942, and its 
general arrangement need not be dealt with here ; 
but a brief account of the history of the project 
may be of interest. The attention of Mr. Putnam 
was directed to the matter in 1934, when he had built 
a house on Cape Cod in Massachusetts, and ‘‘ found 
both the winds and the electric rates surprisingly 
high.” He conceived the idea of constructing a 
windmill to generate alternating current, stand-by 
service being provided by the public supply. In 
conjunction with various friends he started on the 
design of a unit and enlisted the aid of Mr. Thomas 
8. Knight, of the General Electric Company, who 
put him in touch with various meteorological 
experts of the Massachusetts Institute of Technology 
and members of the staff of the General Electric 
Company. Mr. Alan Goodwin, the hydro-electric 
specialist of this company, was able to interest the 
S. Morgan Smith Company, who undertook to 
construct the unit. With their collaboration a 
1,500 kW set was designed, the alternator, running 
at 600 r.p.m., being driven through gearing by a 
200-ft. diameter wind turbine running at 25 r.p.m., 
the whole being mounted on the top of a tower 
150 ft. high. The cost of energy was estimated at 
0-0016 dol. per kilowatt-hour. The Central Ver- 
mont Public Service Corporation agreed to provide 
a site for the unit and to operate it in connection 
with their system. The tower was designed by the 
American Bridge Company. 

Every aspect of the work received authoritative 
examination. The site on Grandpa’s Knob had an 
elevation of 2,000 ft., which it was considered was 
not high enough to encounter destructive ice storms. 
This question of ice was but one of the many factors 
of an indefinite kind which had to be taken into 
account. Erection was begin in 1940 and completed 
in August, 1941. Various test runs were then 
carried out and on the night of October 19, 1941, 
the set was coupled to the network of the Central 
Vermont Public Service Corporation. A gusty 
25-m.p.h. wind was blowing at the time. After a 
brief run at no load, the blade pitch was adjusted 
until an output of 700 kW was obtained. There 
followed some months of experimental running and 
adjustment, outputs of 1,500 kW being obtained in 
70-mile winds and the set, when not operating, 
being exposed to winds as high as 115 miles per 
hour. In February, 1943, the 24-in. down-wind 
main bearing failed. The reason for this is obscure 
but apparently was a mechanical one, having no 
special relation to the wind turbine as such. Owing 
to war delays, a new bearing was not in place until 
March 3, 1945. The set then went into service 
again and operated satisfactorily ; but at 3.10 a.m. 
on the morning of March 26 one of the 8-ton blades 
broke off at the root, was thrown a distance of 
750 ft. and landed on its tip. The attendant 
managed to stop the turbine, which was still running 
with one blade. 

’ This incident ended a courageous and valuable 
experiment. The set is not being reconstructed 
and the project has been abandoned—for reasons of 
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finance, and not because of any loss of confidence in 
the idea. There is no mystery about the cause of 
the failure of the blade ; stress concentration at a 
point of abrupt change of section resulted in cracks, 
and corrosion setin. The directors of the S. Morgan 
Smith Company decided that it would be imprudent 
to expend further funds on a project, the ultimate 
commercial success of which is still problematical. 
They had spent over a million and a quarter dollars 
on the experiment, and were convinced that a 
machine could be made which would operate more 
smoothly and deliver energy at a cheaper rate. 
When the turbine was started up on March 3, 1945, 
after fitting the new bearing, it was operated as a 
generating unit, with no interruptions of service for 
testing. The month was unusually windless, but 
during the three weeks of operation 61,780 kWh 
were generated in 143 hours and 25 minutes of 
operation, the average output being 431 kW. 

Undoubtedly, the experience gained at Grandpa’s 
Knob represents the most valuable contribution 
towards the solution of the problem of wind-power 
generation which has yet been made. With great 
public spirit, a full account has been published 
for the benefit of other workers in the field. In 
his book,* Mr. Putnam gives a technical descrip- 
tion of the unit will a full account of the assump- 
tions on which the design was based, the troubles 
experienced and the tests carried out. A number 
of rm ge are concerned with the problems 
of wind behaviour in hilly country, the relation 
between wind velocity and height above the ground, 
and the wind regime prevailing in different parts 
of the United States and of other countries. A 
further detailed investigation of the distribution 
of potentially-usable wind power was made recently 
by Mr. Percy H. Thomas for the Federal Power 
Commission of the United States. On the basis of 
his investigations, Mr. Thomas designed 7,500-kW 
and 6,500-kW twin-wheel wind turbines intended 
to be mounted on towers 500 ft. high. Some 
account of Mr. Thomas’s report appeared in these 
columns on August 29, 1947. 

The large amount of investigational work carried 
out in connection with Mr. Thomas’s new design 
has provided further data bearing on the many 
problems involved in harnessing wind power. In 
an introduction to Mr. Putnam’s book, Dr. Van- 
nevar Bush, formerly Dean of Engineering at 
the Massachusetts Institute of Technology, states 
that the unit has “ proved that at some future 
time homes may be illuminated and factories may be 
powered by this new means.” It is now to be 
hoped that some company or authority with ade- 
quate financial resources will carry on the work. 
It was announced earlier in this year that the British 
Electrical and Allied Industries Research Association 
had set up a new Section of Power Generation “to 
study the technical and economic problem of large- 
scale aerodynamic generation.” Whether the 
Association has financial resources sufficient to 
enable it to undertake practical work on an ade- 
quately large scale cannot be said, but the matter 
appears to be of sufficient importance to justify 
special measures. 

The possibilities of wind-power utilisation are of 
peculiar interest not only to the United States; 
Britain’s meagre endowment of natural water power 
should give the matter a livelier interest here. Mr. 
Putnam’s book contains a table giving the estimated 
output in kilowatt-hours per kilowatt for wind-power 
stations in various parts of the world. Under the 
highest figure of 6,000 kW appear only the names of 
South Atlantic Islands and sites in the neighbour- 
hood of New Zealand ; 5,000 kW to 6,000 kW would 
be provided in Iceland, the Falkland Islands and 
some places in the South Pacific. The promising 
conditions in the British Isles are shown by the fact 
that Ireland, Scotland and the Shetlands figure in the 
4,500 kW to 5,000 kW column; Devonshire and 
Wales are credited with 3,500 kW to 4,000 kW. 
These figures are based on a turbine which, if it 
operated continuously at full load, would have an 
output of 8,760 kWh per annum. 


NAVAL AFFAIRS. 


WHENEVER any discussion on armament or re- 
armament is topical news, there is no lack of detrac- 
tors to declare that British practice is always to 
prepare for the next war by studying the previous 
one. Probably the most irritating feature about this 
accusation (and one that can be misleading, as sundry 
enemies have discovered to their cost) is that, to a 
great extent, it is true. What the critics commonly 
fail to see, however—and sometimes the enemy also 
fails to appreciate—is that such historic studies usually 
extend to men as well as methods; a small point 
which places an entirely different value upon them, 
for it is still as true as ever that the leopard does not 
readily change his spots. There can be no better 
evidence of this fundamental fact than is given by a 
comparison of German books by the principal leaders 
in the 1914-18 war (for example, the memoirs of 
Grand Admiral von Tirpitz) with the official German 
documents that have been made available since the 
conclusion of the second world war. The compari- 
son is not exact so far as concerns the mode of 
expression, for few of the German principals in the 
second conflict lived long enough to write books ; 
but various of them kept diaries, or diaries were kept 
for them, and these are proving in some cases to be 
quite illuminating. 

The most illuminating of all to date, perhaps, is 
the series of reports of ‘“‘Fuehrer Conferences on 
Naval Affairs,” which occupy by far the greatest 
part—nearly nine-tenths—of the 1948 edition of 
Brassey's Naval Annual.* Brief references to 
various of the conferences have been made from 
time to time, but it is stated by the editor, Rear- 
Admiral H. G. Thursfield, that ‘this is the first 
time, as far as is known, that the whole of the docu- 
ments issued by the Admiralty have been printed.” 
With the brief connecting notes, inserted by the 
Admiralty compilers for the sake of continuity and 
‘background ”—and, it may be added, most 
excellently done—these minutes kept by the succes- 
sive Commanders-in-Chief of the German Navy have 
almost unique authority as well as absorbing 
interest ; and their value is the greater for the fact 
that they were never intended for wide circulation. 
The series was begun by Admiral Raeder as a record, 
compiled from notes taken at Hitler’s periodical 
conferences, for inclusion in the permanent archives. 
He continued them until January, 1943, and from 
then onwards they were kept by Admiral Doenitz, 
who succeeded Raeder. In some respects, no doubt, 
these writers indulged in judicious omissions ; but 
both of them are much more revealing in other 
respects than either could have intended or realised. 

These conferences of the High Command, or, as 
it is termed throughout, the “O.K.W.” (Ober 
Kommando Wehrmacht) varied considerably in the 
numbers present; at different times, in addition 
to Hitler and the “C.-in-C., Navy” (Raeder or 
Doenitz, as the case might be), they were attended 
by Goering, Keitel, Jodl, occasionally Speer, and 
sometimes a miscellaneous crowd of Ministerial 
officials, flag officers and members of the Naval 
Staff, such as von Puttkamer, who progressed in 
rank from lieutenant-commander to captain as the 
conferences proceeded. Included with the reports 
are a long extract from Lieutenant Prien’s log 
describing how, in the submarine U.47, he sank 
H.M.S. Royal Oak in Scapa Flow on October 14, 
1939 ; and a long report, including signals exchanged 
and a survivor’s narrative, of the sortie of the 
Bismarck and Prinz Eugen into the Atlantic in 
May, 1941, which resulted in the loss of H.M.S. 
Hood and, three days later, the sinking of the 
Bismarck by a concentration of British warships 
and torpedo-carrying aircraft. These records pro- 
vide further evidence of the remarkable power of 
endurance possessed by the German ship (and, it 
may be added, by her crew) though the curious 
will seek in vain for any positive figures of the 
number of torpedo hits that she sustained ; and of 
the interesting point that, although the Germans 





* Power from the Wind, by Palmer Cosslett Putnam. 
D. Van Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York, U.S.A. [Price 6 dols.]; Macmillan 
and Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 33s. net.] 


* Brassey’s Naval Annual, 1948. Edited by Rear- 
Admiral H. G. Thursfield. William Clowes and Sons, 
Limited, Little New-street, London, E.C.4. [Price 
308. net.]; and The Macmillan Company, 60-62, Fifth- 
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suspected that the British ships might be fitte 
with radar, they were not sure of this until the 
hunting of the Bismarck gave unquestionable proof, 
They were disagreeably surprised, then, to fing 
how good the British equipment actually was; jp 
spite of fog and snow, the German report stated, 
the British scouting cruisers maintained contact, 
“obviously by the use of efficient radar sets.” 

To the student of personalities, there can be 
nothing more striking in the minutes of these naval 
conferences than the contrast between the views, 
attitude and mental processes of the naval members 
and those of the leaders of the Army and the 
Luftwaffe. Still more astonishing are the mental 
gymnastics of Hitler himself; at first, merely in 
erupting with plan after plan for new offensives— 
the invasion of England taking a prominent place— 
but afterwards causing much more concern to his 
naval leaders by taking guns and personnel from 
the ships and scattering them over various battle 
fronts to fill gaps caused by his constant shuffling 
of divisions and army corps. There is more than a 
touch of (obviously unintentional) irony in the 
entry, on April 16, 1942, that ‘“‘ The Fuehrer points 
out that in general the Armed Forces set their 
requirements too high”; the miracle was that the 
German forces and resources managed, in all the 
circumstances, to support the burden of the war so 
long as they did, for only Raeder and Doenitz seem 
to have retained throughout a reasonably clear 
vision. The German surface ships, Raeder wrote 
on September 3, 1939, could ‘“‘do no more than 
show that they know how to die gallantly.” Re- 
peatedly, as the war progressed, he tried to bring 
home to Hitler the significance of sea power, and 
the need for capital ships and aircraft carriers to 
give ample air support ; but, as the Admiralty com- 
mentary tersely sums up, “‘in the face of Hitler’s 
ignorance and Goering’s opposition, he failed.” 
The names are different, but otherwise the parallel 
between the Germany of 1914-18 and the Germany 
of 1939-45 is remarkably close. 

On the technical side, there are many items of 
considerable interest. Although the Kiel Canal 
had been widened and deepened not long before the 
war, Hitler decided that there must be a general 
further deepening after the war. The naval harbour 
at Wilhelmshaven and the channels through the 
Belts were also to be deepened. On another 
@ccasion, he talked for an hour and a half about 
the role of the Prussian and German navies, and 
went on to suggest that the capital ships should 
either be converted into aircraft carriers or scrapped ; 
after which, not unreasonably, Raeder resigned, to 
be succeeded by the more openly Hitler-worshipping 
Doenitz. Shortages of steel and other materials, and 
even ammunition, were a constant problem, only 
pushed into the background eventually by a lack of 
oil fuel so acute that, to send out 27 new submarines 
in January, 1945, the reserves of the pocket battle- 
ships Scheer and Luetzow had to be used, thus 
immobilising those two ships. Transport problems 
on the inland waterways affected the Navy im- 
directly ; steel became so scarce that Doenitz 
began to lay anti-invasion mines with concrete 
cases ; naval personnel were being drafted into the 
Army, while the Navy borrowed ammunition from 
coast-defence batteries; but still Hitler bubbled 
with bright ideas—one being to equip E-boats with 
rocket propulsion to give them a better chance to 
escape. To this, the C.-in-C., Navy, reported that, 
if ten V.1 flying-bomb motors were fitted to an 
E-boat, the increase in speed would be no more 
than 1 to 2 knots and would not justify the expense. 
So the German High Command struggled and stag- 
gered on to the end; and, as the Admiralty com- 
mentator observes, there was no possibility of 
ascribing their defeat to anything but military con- 
quest, for “the German Army, the Luftwaffe, and 
the German Navy were severally and jointly beaten 
by the Allies.” There is much else of interest 
the 1948 Brassey, in the customary reviews of na 
affairs, the Navy Estimates, the White Paper 
on Defence (Cmd. 7327) and Admiral Nimitzs 
report on “The Future Employment of Naval 
Forces” ; but “‘ these, for the most part, are transient, 
whereas the “‘ Fuehrer Conferences” report has 4 
more permanent value. It should be compulsory 





reading for all politicians and most Chiefs of Staff. 
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NOTES. 


RELAXATION OF INDUSTRIAL CONTROLS. 


In reply to written questions in the House of 
Commons on Thursday, November 4, the President 
of the Board of Trade (the Rt. Hon. J. H. Wilson) 
and the Minister of Supply (the Rt. Hon. G. R. 
Strauss) announced the relaxation of statutory con- 
trols over the manufacture, acquisition, disposal and 
use of a number of raw materials and finished goods. 
The net effect will be to eliminate the issue by the 
Board of Trade of some 200,000 licences or permits 
a year, while the number in the case of the Ministry 
of Supply will be from 10,000 to 12,000. In addi- 
tion, there will be a yearly saving on 375,000 permits 


issued by other Ministries and by the agricultural 


committees. It was pointed out, however, that 
though statutory control has been removed, the 
policy which it was designed to serve still operates. 
It is important, in fact, that industry continues to 
supply the home and export markets in the correct 
proportions, although this can now be better carried 
out by voluntary co-operation than through a formal 
licensing system. The Ministry of Supply will 
continue to demand returns of production and 
export from manufacturers and the existing system 
of steel allocation will be maintained. The majority 
of the controls hitherto exercised by the Board of 
Trade relate to goods which are not directly of 
engineering interest. On the other hand, the 
Machinery, Plant and Appliances (General) Orders, 
1945-46, which will be revoked from Wednesday, 
December 1 next, by the Minister of Supply. These, 
in effect, require manufacturers of certain products 
to obtain licences for the manufacture and supply of 
these products and cover a wide range of machinery. 
A total of 75 classes of products are now to be de- 
controlled, including all types of textile machinery, 
as well as machinery used for papermaking, printing 
and type-setting. Steam-generating plant, electric- 
lamp making machinery, electric machinery and 
plant, accumulators, conveyors and elevators and 
foundry plant are also being de-controlled, as is 
water-heating apparatus, weighing apparatus and 
much of the miscellaneous machinery used in the 
packing, tobacco, pottery, glass, mining and plastic 
industries. The Wireless Receivers and Radio- 
gramophones (No. 1) Order, 1947, under which no 
wireless receiving sets or radiogramophones could be 
manufactured or supplied without a licence, is also 
being revoked. This Order has been used mainly 
to limit production for the home market and to 
encourage exports. 


THe Iron AnD STEEL InstITUTE. 


The annual autumn meeting of the Iron and 
Steel Institute was held in London on November 10 
and 11, at the offices of the Institute, under the 
chairmanship of the President, Sir Andrew McCance, 
LL.D., D.Sc., F.R.S. On the morning of the first 
day, the President gave formal notice of a proposal 
to amend certain of the Institute’s by-laws at the 
annual general meeting in 1949. The main purpose 
of one of these alterations was to enable the Council 
to elect associate members of the Institute and to 
define the status, riglits, obligations and qualifica- 
tions of this class of member. Another alteration 
sought to allow the Council to vary the amount of 
the entrance fee for new members as they thought 
fit, to raise the annual subscription payable by ordi- 
nary members to 41. 4s., to fix the annual subscrip- 
tion payable by associate members at 1/. 15s., and to 
draw up a new scale for members who desired to com- 
pound their subscriptions. Another announcement 
made by the President was that the Hon. R. G. 
Lyttelton wished to resign, as from the end of the 
year, his position as honorary treasurer of the Insti- 
tute, held by him since 1942. Accordingly, the 
Council had nominated Mr. James Mitchell to be 
honorary treasurer and Mr. Lyttelton to be a vice- 
president. The Council had also elected Mr. Edward 
Senior to be an honorary member of Council and Sir 
John Duncanson an honorary vice-president. The 
secretary then announced that since the last general 
meeting of the Institute, held in May, 1948, Mr. G. 
Steel had been appointed a vice-president and Mr. W. 
Barr a member of Council. Several gentlemen had 
also been elected honorary members of Counci 


during their periods of office as Presidents of 
societies affiliated to the Institute. Among these 
were Mr. F. Shepherd, President of the Cleveland 
Institution of Engineers, in place of Mr. C. Moody ; 
Mr. W. R. Berry, President of the Leeds Metallur- 
gical Society, in place of Professor A. Preece ; 
Mr. H. M. Henderson, President of the Lincolnshire 
Tron and Steel Institute, in place of Mr. J. B. R. 
Brooke ; and Mr. T. J. Canning, President of the 
Swansea and District Metallurgical Society, in place 
of Mr. E. A. Davies. Mr. A. H. Goodger, President 
of the Manchester Metallurgical Society, had also 
been invited to be an honorary member of Council 
when his Society had accepted affiliation in June, 
1948. The secretary then gave notice that three 
vice-presidents, namely, Captain H. Leighton 
Davies, Mr. G. H. Latham and Mr. J. Sinclair Kerr, 
and five members of Council, namely, Mr. T. Jolly, 
Mr. F. Saniter, Mr. W. F. Cartwright, Dr. J. W. 
Jenkin and Sir Arthur Matthews, were due to retire 
at the next annual general meeting, but were 
eligible for re-election. The secretary also announced 
that the annual general meeting of the Institute 
would be held on April 27 and 28, 1949, a special 
summer meeting, in Norway, from May 28 until 
June 7, 1949, and the autumn general meeting on 
November 10 and 11. The Council had, decided 
moreover, to organise, or to take part in organising, 
an International Corrosion Conference, to be held in 
June, 1950, and a “‘ Symposium on Steels and Alloys 
for Gas Turbines,” also to be held in 1950, at a date 
not yet fixed. 


Accuracy OF GEAR-HoBBING MACHINE TABLES. 


An account of some interesting work on improv- 
ing the accuracy of gear-hobbing machine tables, 
which extended over a number of years between the 
two World Wars, was presented by Mr. J. M. 
Newton, B.Sc., M.I.Mech.E., in a paper read at a 
meeting of the Institution of Mechanical Engineers 
on Friday, November 5, with Dr. S. F. Dorey, 
F.R.S., vice-president, in the chair. Most of the 
work was carried out on two Muir gear-hobbing 
machines with work tables 8 ft. and 5 ft. in dia- 
meter. The original creep tables were replaced by 
non-creep tables which reduced the number of 
sources of error and were suitable for heavier loads. 
When the first gear to be cut on one of the non- 
creep tables was tested under load, it ran noisily, 
the noise having a dominant note of 2,000 cycles 
per second frequency, which was found to be equal 
to the number of teeth in the machine-table worm 
wheel multiplied by the revolutions per second of 
the gear under test. In attempting to measure and 
eliminate the errors in the table drive of the machine, 
the noise produced by gears cut before and after 
alterations was analysed in the form of a quantita- 
tive sound spectrum. The error due to axial float of 
the machine-table worm was reduced by replacing 
the ball thrust bearings with three lapped high- 
speed steel washers at each end. The 8-ft. master 
worm wheel was then corrected. An apparatus for 
mechanically scraping the flanks of the gear teeth 
was devised, and each tooth was located in relation 
to it by means of a circular scale the accuracy of 
which was guaranteed to within + 1} seconds of 
arc. It was also necessary to improve the main 
bearing of the work table. The corrected master 
wheel was then used for cutting the master wheel 
of a new table 5 ft. in diameter. The new wheel was 
split in the horizontal plane into two halves ; this 
enabled the teeth to be lapped with a worm and 
abrasive, with the two halves in four different posi- 
tions relatively, at 90-deg. intervals. The worm-to- 
table periodic errors were + 0-00025in. and 
+ 0-0001 in. for the two directions of rotation. 
The noise emitted by the first gear wheel to be cut 
on the new table was analysed ; it was not excessive. 
The tooth-contact note had a moderate level of 
85 phons and was the dominant note; “ phan- 
tom ”’ note due to the table drive was not present. 
A new 8-ft. master wheel was made, using the 
new 5-ft. wheel, the motion of the table being 
corrected by means of cam-operated devices, 
in respect of cumulative pitch error and periodic 
errors in the worm-table and hob-table motions. 
The teeth were lapped for 24 hours in each direction 
after being hobbed. The pitch error on the tooth 





be 0-0008 in., compared with 0-0040 in. for the old 
table: the error had been reduced to a fifth of its 
former magnitude. Mr. Newton’s paper included 
three appendices dealing with the measurement of 
pitch errors in worm wheels and master wheels, 
the measurement of undulations on gear teeth by 
the N.P.L. recorder, and the choice of the number of 
teeth ina master wheel. The discussion was opened 
by Mr. A. Sykes, B.Sc. (Eng.). In a brief reply to 
the speakers, Mr. Newton said that he did not 
condemn creep machines, but in the work in question 
he had concentrated on non-creep machines. 


THE CERTIFICATION OF PLASTIC MATERIALS AND 
PRODUCTS. 


The British Plastics Federation, in conjunction 
with the British Standards Institution, have pre- 
pared a scheme for the certification of plastic mould- 
ing powders made from phenol formaldehyde and 
urea formaldehyde, and of certain mouldings pro’ 
duced therefrom. Such materials and products will 
be distinguished by a “ plastics mark,” the presence 
of which will indicate that they conform to precise 
requirements laid down by an authority other than 
the producer. The mark itself is in the form of a 
circle with the letters B.S. in the centre, indicating 
British Standard; and the initials B.P.F. on the 
left-hand side, referring to the British Plastics 
Federation. The manufacturer and specification 
concerned will be indicated by code letters and 
numbers on the right-hand side. Standard specifi- 
cations for certain articles have already been 
published and licences for the moulding of the 
articles covered from certified powders have already 
been issued to a number of firms. Licences will only 
be granted after the factories concerned have been 
visited by inspectors appointed by the British 
Standards Institution to ascertain whether there 
are adequate testing facilities. The Mark Sub- 
committee will then consider each application on 
its merits. So far as moulding powder is concerned, 
an applicant will probably be asked to appoint a 
technical member of his staff to keep records and 
act as an inspector for the British Standards Insti- 
tution. Statistical control charts will be required 
to be kept for some tests, and in the case of moulding 
powders routine tests for powder density, cup flow, 
cross breaking strength and power factor will have 
to be made. 


MEASUREMENT OF PropucTION EFFICIENCY. 


An all-day conference, organised by the Institution 
of Production Engineers and the Institute of Cost 
and Works Accountants to discuss the problem of 
measuring and comparing productive efficiencies, 
was held on Friday, November 5, at the Royal 
Empire Society, London, W.C.2. Two papers were 
read, and each was followed by a discussion. The 
first paper, entitled ‘‘Measurement of Produc- 
tion Efficiency,” was given by Mr. L. W. Robson, 
F.C.A., M.I.P.E., who discussed efficiency of 
accountancy and costing methods rather than the 
technical or engineering aspects of industrial pro- 
cesses or workshop procedure. He emphasised that 
though the problem was far from new, there were 
still insufficient statistical data available for com- 
paring the overall efficiency of firms within the same 
industry, and also stressed the importance, at least 
from the accountancy standpoint, of measuring 
the efficiency of individual processes in relation to 
“attainable standards.” In Mr. Robson’s view, 
the best-known procedures for evaluating produc- 
tivity of industrial processes in terms of hours of 
output and of cost, should be studied and reduced 
to a form intelligible to the management, and be 
made known to trade associations, Government 
departments and to the executives of nationalised 
industries. The second paper, entitled “‘ Measure- 
ment and Management,” was read by Mr. W. C. 
Puckey, M.L.P.E., F.1.1.A., who stressed, mainly by 
a series of questions, the importance in management 
of careful unobtrusive planning, and of presenting 
simply to all those in an industrial undertaking, the 
essential facts upon which its success depends. 
Mr. Puckey stated that the output per man-hour 
in the United States was more than twice that for 
similar industries in this country, though the dis- 
cussion which followed showed that the basis on 
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puted when more details were known. The dis- 
cussion also revealed the difficulty of establishing 
standards of efficiency measurement or of defining 
them in terms which would ensure general accept- 
ance, especially when applied to the smaller firms 
who formed the bulk of the industrial enterprise 
in this country. Various speakers suggested, 
however, that the I.C.W.A. and the I.P.E, should 
be associated with the work of the Anglo-American 
Productivity Council, and referred to the greater 
amount of statistical data exchanged between 
individual firms in America; they also drew 
attention to the necessity of applying generally 
approved efficiency standards to the nationalised 
industries or to those operating without the spur 
of serious competition. 





LETTER TO THE EDITOR. 


THE THEORY OF CONTROL IN 
ENGINEERING COURSES. 


To THE Eprror oF ENGINEERING. 


Sir,—I wish to draw your attention to what 
appears to me to be a serious gap in the majority 
of our engineering courses. At the present time, a 
few isolated courses of lectures on the theory of 
control have been provided, such as those at the 
Northampton Polytechnic, and some specialist 
courses are also available; in addition, courses 
are given to advanced students at some universities. 
I am convinced that this provision is inadequate, 
for the basic principles of control ought to be 
studied by all engineering students and a knowledge 
of them should be required for every honours engi- 
neering degree. The object of this letter is to state 
my reasons for this belief in the importance and 
potential value of control theory to all engineers ; 
it is written in the hope that those in authority 
may be led to give closer thought to the matter. 

Before enumerating my reasons for this conviction, 
it is necessary to state clearly what I mean by “ the 
basic principles of control.” These are the funda- 
mental ideas and methods which apply equally to 
the three main types of control: process control, 
regulation and position control. They apply equally 
whether the control is automatic or manually 
operated and include such matters as the application 
of feedback to an open chain sequence of operations, 
which turns the control into a loop or cyclic system 
and so introduces the possibility of hunting if there 
is an internal source of power for amplification. 
They include the idea of a controlling impulse or 
signal, and its modification by the successive 
elements of the controller ; also the determination of 
the response of a system to impulsive or harmonic 
disturbances and the use which can be made in 
design of a knowledge of such responses. In order 
to understand these principles, it is necessary, in 
addition, to have some acquaintance with the basic 
elements of control systems, such as measuring 
elements, data transmission links and power ampli- 
fiers or relays. 

These ideas are valuable and important for four 
main reasons. Firstly, a subject which touches 
upon so many different fields of engineering appli- 
cation would be of the utmost value as a unifying 
and integrating influence in these days of excessive 
specialisation. Secondly, automatic controls are 
being ever more widely applied in every branch of 
industry and elsewhere ; an intelligent appreciation 
of their operation is therefore of value to every 
engineer. Thirdly, it would introduce to the 
student important ideas which, to his great loss, he 
would not otherwise meet. Finally, from an 
academic standpoint, the more advanced theory of 
control provides a good example of the value of 
some of the higher flights of mathematical analysis. 

It is perhaps advisable to amplify somewhat the 
assertions made above. As regards the first two 
points, it is sufficient to mention a few of the 
applications from which examples of control might 
be drawn and in connection with which any engineer 
is liable to be a user of controllers. There are 
chemical process control, industrial controls, such 
as those for registration and synchronisation, speed 
governing, voltage regulation, aeronautical appli- 
cations, such as the automatic pilot, feedback 





amplifiers and traffic control. As regards the 
third point, there are such new ideas as power 
amplification, consideration of the human operator 
as an element in the control sequence, the matching 
of successive elements to each other and the inter- 
dependence of process and controller. The mathe- 
matics referred to in the last point includes, for 
example, complex variable theory and the use of 
modern operational methods to solve differential 
equations. 

To provide a concrete basis for consideration, a 
plan which might be adopted for such courses is 
now proposed. The theoretical course could con- 
veniently be divided into three parts. Firstly, a 
purely qualitative introduction covering the basic 
ideas ; secondly, a quantitative analysis of simple 
control systems by classical methods, including the 
derivation of the transient and harmonic responses, 
the determination of static and dynamic errors and 
the use of Routh’s stability criterion ; thirdly, an 
analysis of complex systems by more advanced 
methods, including the use of transfer functions 
and the harmonic response locus as a criterion of 
stability. The first part would be suitable for every 
honours degree course, the second should be studied 
by the more advanced students, and the third would 
be for post-graduate work. Laboratory courses 
should be run in conjunction with the second and 
third parts. 

Authorities are likely to view with dismay any 
proposal to enlarge the scope of syllabuses, which 
are already overcrowded, with many recent addi- 
tions, but the theory of control is of such funda- 
mental importance that it would be worth making 
almost any sacrifice to permit its inclusion; in 
particular, some more specialised parts of the usual 
mechanics of machines courses may have to be 
scrapped in order to make way for what must 
inevitably be taught sooner or later. 

Yours faithfully, 
R. H. Macminnan. 

The Engineering Laboratory, 

Cambridge. 

November 6, 1948. 





OBITUARY. 


THE RT. HON. LORD ASHFIELD. 


WE regret to record the death of Lord Ashfield, 
which occurred in London on Thursday, Novem- 
ber 4, a few days before his 74th birthday. He was 
well known throughout the country, especially to 
Londoners, as an expert in transport matters; and, 
in particular, for the part he had played in the 
reorganisation of the underground railways and 
public road services of the capital. 

Albert Henry Stanley was born at Derby on 
November 8, 1874, his original surname being 
Knattries. When he was eleven years old his 
father moved to Detroit, Michigan, to take up 
an appointment as manager of the Pullman works 
in that city and changed the family name to Stanley. 
Young Stanley was educated at the Detroit High 
School, where he received some technical training. 
He was not more than 16 years of age, however, 
when he obtained a position in the stables of the 
Detroit city railways, which were then operated by 
horses ; and a year or two later secured a transfer 
to the workshops, which had been established in 
connection with the electrification of the system. 
He showed such energy in this position that he 
soon became general superintendent of the first 
electric tramways in the United States. He 
served in the United States Navy during the 
Spanish-American war, and later was employed in 
carrying out the reorganisation of the New Jersey 
traffic system. In 1906, he was appointed managing 
director of Messrs. J. G. White and Company, of 
New York, and a year later became general manager 
of the Metropolitan District Railway, the parent 
line of the Underground group of Companies and 
the London Electric Railway. 

At that time the several underground railways 
of the capital, which had been founded.as separate 
concerns, were in a poor financial condition, and a 
movement towards fusion was taking place. Stanley 
threw himself into this work with great energy and 
was instrumental in securing the passage of the 


London Electric Railway Amalgamation Act, 1910, 
by which the éxisting tube railways were amal. 
gamated to constitute the London Electric Railway 
Company. In this concern the Underground Com. 
pany, of which he had become managing director, 
held a controlling interest. Two years afterwards, 
the latter undertaking also acquired the London 
General Omnibus Company, which was itself a 
combination of several road transport interests, 
while later the Central London Railway, the City 
and South London Railway and the London United 
and Metropolitan Electric Tramways were all 
brought into the system. The Associated Equip. 
ment Company was also acquired, and during the 
1914-18 war turned out 120 lorries a week at its 
Walthamstow works. 

In 1916, Stanley, who had been knighted two 
years earlier, became President of the Board of 
Trade, in which office he was instrumental in bring. 
ing the British and Irish railways, as well as the 
railway-owned canals and many industries under 
control. He was raised to the peerage as Lord 
Ashfield of Southwell in 1920, after he had returned 
to the Underground Railway Company as chairman 
on the cessation of hostilities. In this position he 
worked ceaselessly to expand and unify London’s 
transport services, an end which was achieved 
when the London Passenger Transport Board was 
founded in 1933. This authority, of which he 
became the first chairman, consisted of an amal- 
gamationof 89 transport undertakings, with a capital 
of 1201. millions, and operated over an area of nearly 
2,000 sq. miles, in which the population was some 
ten millions. 

In 1940, Lord Ashfield became a member of the 
Railway Executive Committee and in 1947 was 
appointed a member of the British Transport 
Commission. He was also chairman and managing 
director of the Northmet Power Company and 
director of a number of other undertakings. He 
was elected an honorary member of the Institu- 
tion of Civil Engineers in 1934 and was a past- 
president of the Institute of Transport. 





MR. J. E. KINGSBURY. 


We also regret to record the death of Mr. J. E. 
Kingsbury, which occurred at Snow Hill, Crawley 
Down, Sussex, on Thursday, November 4, at the 
advanced age of 93. Mr. Kingsbury was well known 
to the older generation of electrical engineers as a 
pioneer on the manufacturing side of telephone 
development, and in furthering the employment in 
this country of Dr. L. H. Baekeland’s inventions of 
plastic materials. He was an eloquent speaker 
and at one time took a leading part in the affairs 
of the Institution of Electrical Engineers. 

John Edward Kingsbury was born at Taunton, 
Somersetshire, on February 27, 1855, and received 
his early education at schools in that town and at 
Archbishop Tennison’s School, London. He entered 
commercial life at an early age, and in 1878 was 
employed for a short time in the office of Edison’s 
London representative. Subsequently he played a 
leading part as an amateur in the early experiments 
and demonstrations with the telephone, including 
the first trial with this form of communication 
between London and Norwich. He was also 
associated with the London-Paris link. While still 
an amateur, he wrote a book on the subject, which 
was published in 1882 with the title The Telephone 
in Principle and Practice. Early in the following 
year, he decided to devote himself professionally 
to telephone development and was appointed 
agent at the English branch of the Western Electric 
Company. He served with this concern as manager 
for many years and was appointed director on his 
retirement in 1906, remaining on the board until 
1925. During this time the employment of the 
telephone had greatly expanded and many improve- 
ments had been made in the apparatus employed. 
His work in this field is recorded in a book on 
The Telephone and Telephone Exchanges, which 
was published in 1915, as well as in a paper on 
the “Origin and Development of the Telephone 
Switchboard,” which was read before the Institution 
of Electrical Engineers in 1895.. He was also 
responsible, in 1897, for the purchase of the Wool- 
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of electric cables is still carried on by Standard 
Telephones and Cables, Limited. 

In 1910, Mr. Kingsbury was instrumental in 
forming the Damard Lacquer Company and also 
played a large part in the development of Bakelite, 
Limited, with which the former company was subse- 
quently merged. For many years he acted as 
deputy chairman of both concerns. He was also a 
director of our contemporary, The Electrical Review, 
from 1919 to 1931. He was elected an associate 
of the Institution of Electrical Engineers in 1887, 
at a time when it was still the Society of Telegraph 
Engineers, and was transferred to the class of 
member in 1898. He served as vice-president from 
1903 to 1905, and as honorary treasurer from 1915 
to 1919. 


MR. H. H. BAKER. 


Mr. H. H. Baker, whose death, we regret to 
record, occurred on Tuesday, November 2, at the 
age of 71, was one of the group of young men whom 
C. H. Merz gathered round him at the turn of the 
century. At this time, Merz was putting into prac- 
tice his ideas for concentrating electrical generation 
on the most economic sites and making it available 
for all purposes over wide areas; and Baker was 
one of his most enthusiastic assistants. 

Herbert Henry Baker was born at Tamworth 
in 1877, and received his early engineering training 
with Messrs. Bignalls, Stafford. After holding 
positions with Messrs. Ferranti, Limited, Hollin- 
wood, and Messrs. Siemens Brothers Dynamo Works, 
Stafford, he joined Merz as chief draughtsman in 
1902 ; and subsequently took charge of all the steam 
and mechanical work in the office. In 1927, he 
was invited to join the two partners, C. H. Merz 
and W. McLellan, and remained a partner in the 
expanding firm until ill-health compelled his retire- 
ment in 1942. Baker’s knowledge of power-station 
design, especially on the boiler-house side, was 
widely recognised. Among the power stations, with 
the construction of which he was closely associated, 
were those at Carville, Dunston and North Tees 
on the North-East Coast ; Lot’s-road and Barking 
in the London area; and many others in this 
country, Australia, South Africa and India. He 
was also associated with important pioneer installa- 
tions in Chicago. The well-known traversing coal 
chute on mechanical stokers was one of his ideas, 
and he played a leading part in the development of 
higher steam pressures and temperatures. As One 
of a generation that attached more importance to 
shop training than to academic distinctions, his 
approach to problems was practical, but he was 
always willing to listen to those who had been 
trained in a different school. 

He was elected an associate member of the Insti- 
tution of Mechanical Engineers in 1903. 





KRONFELD MEMORIAL FuND.—<An appeal for subscrip- 
tions has been launched, the main object of which is to 
enable tribute to be paid to the memory of Robert 
Kronfeld who met his death in February, 1948, while 
carrying out critical tests of a tail-less glider in connec- 
tion with the research programme of General Aircraft 
Limited. It is proposed to create a memorial fund which 
will be devoted to the encouragement of gliding and 
soaring in this country. Subscriptions should be sent to 
the chairman of the Memorial Fund Committee, Mr. L. A. 
Wingfield, c/o The Royal Aeronautical Society, 4, Hamil- 
ton-place, London, W.1, marked Kronfeld Memorial 
Fund. 





INDUSTRIAL FINISHES.—On Wednesday, November 3, 
& meeting of trade representatives was held under the 
chairmanship of Sir Charles Goodeve, O.B.E., F.R.S., at 
St. Ermins Hotel, London, S.W.1, to consider the pro- 
posals of the Council of Industrial Design for holding an 
exhibition of industrial finishes at Earls Court, London, 
S.W.5, in the autumn of 1949, or spring of 1950. The 
proposed exhibition, which the Council thought would 
be the best way of spreading a knowledge of the finishes 
how available, would include displays to show the effects 
of both good and bad types of finish. The views 
expressed at the meeting were generally in favour of 
holding an exhibition, and various representatives 
Promised their support. It was therefore decided to 
consider the matter in greater detail, and meanwhile, 
further comments or suggestions would be welcomed by 
the Council at their headquarters in Tilbury House, 
Petty France, London, S.W.1. 


THE THIRD CONGRESS ON 
LARGE DAMS. 
(Concluded from page 342.) 

THE previous instalment of our report on the 
proceedings of the Third Congress on Large Dams, 
held in Sweden from June 10 to 17 under the auspices 
of the World Power Conference, dealt with the last 
of the four ‘ questions” to be discussed in the 
technical sessions. This discussion, and the formal 
closing of the technical sessions, took place on 
Saturday, June 12, and on the evening of the same 
day the delegates left Stockholm in two special 
trains for a five days’ tour of the more important 
hydro-electric power stations in service and under 
construction, and to the Sandviken steelworks. This 
involved a rail journey of nearly 2,000 miles, into 
Lapland to some 40 miles north of the Arctic Circle, 
and south-west to Trollhattan, at the southern end of 
Lake Vaner. This represented the end of the tour 
and of the Congress, the closing session and farewell 
banquet being held at Trollhaéttan on June 17. 
Although the two trains followed the same course 
for the greater part of the tour, they separated and 
took different routes for a portion of it. In the 
following notes on the power stations visited, there- 
fore, no attempt is made to relate them to the 
journeys of either train, though one or two of the 
plants were not inspected by the whole of the par- 
ticipating members. 


Hypro-Evecrric PowEr In SWEDEN. 


Practically the whole of the electric power gener- 
ated in Sweden is obtained from the rivers and 
waterfalls, only about 2} per cent. being supplied 
by steam stations—the island of Gotland, for 
instance, which has no water power—and from indus- 
trial back-pressure plants. Nearly half of the power 
is generated by State-owned plants; rather more 
than half by private companies; and a small 
amount—about 6 per cent. of the total—in munici- 
pally-owned stations. All three classes of owner- 
ship co-operate closely, and there is a similar colla- 
boration in the field of power distribution. The 
State Power Board (Kungliga Vattenfallsstyrelsen), 
with headquarters in Stockholm and subsidiary 
Boards in Trollhattan, Stockholm, Motala, Vasteras, 
Sundsvall, Umea and Lulea, supplies most of the 
power for central Sweden and for the area to the 
north of the Indalsalven, a river on which are 
several stations, and which flows eastwards into the 
Gulf of Bothnia about 300 miles north of Stockholm. 

The installations at present in service have a 
total average output of 13,500 million kWh per 
annum, which is about one third of the water power 
estimated to be available. In the south of Sweden, 
most of the large falls have been harnessed already, 
and the remaining undeveloped power is principally 
in the Norrland region. Nearly one third of the 
total output is obtained from this region and is 
transmitted to central and southern Sweden. Par- 
ticular attention has been given to the regulation of 
the water supplies from the mountain lakes, not 
only to conserve the water in the lakes to maintain 
a steady flow in dry weather, but to adjust the out- 
put from the various stations so as to secure the 
greatest efficiency in operation. The existing stor- 
age amounts to some 24,000 million cubic metres, 
which, with the heads available at present, corre- 
sponds to an energy storage of about 30 per cent. of 
the total annual production. A point of some 
interest is that many of the dams have to be pro- 
vided with log chutes, to enable a steady supply of 
logs to be floated downstream to the pulp mills in 
the lower reaches of the rivers. Some of these 
chutes are designed to pass as many as 20,000 logs 
per hour, though the actual number passing is 
usually considerably below the maximum figure. 
The tendency at present is to restrict the cutting of 
timber for this and other purposes, as war-time fuel 
stringency necessitated cutting for several years at 
rates which the forestry authorities regarded as 
excessive. 

Transmission of current is carried out at 220, 132, 
77 and 55 kV in different networks, but the main 
power lines are the five 220-kV systems connecting 
the north and south of the country. A sixth 220-kV 





line is under construction and in due course this 


high-voltage system will be extended as far south 
as Malmé. The existing high-voltage networks are 
partly State-owned and partly privately-owned, but 
it has been decided that all new high-voltage lines 
shall be provided by the State. Investigations have 
been in progress for some years in the direction of 
still higher transmission voltages, with both alter- 
nating current and direct current; but, although 
an experimental direct-current line, working at 
90 kV, is in operation between Trollhattan and 
Mellerud, a distance of about 50 km., it has been 
decided, in view of the long-term research still 
needed to develop this system on a large scale, to 
use alternating current for all long-distance lines 
projected in the near future. The first of these, from 
Harspranget to Hallsberg (970 km.), is expected 
to be in service towards the end of 1950, when the 
first of the generators at Harspranget is put into 
operation, and will have a transmission voltage of 
380 kV. A standard frequency of 50 cycles has 
now been adopted, and the remaining 25-cycles 
systems are being converted to 50 cycles. At pre- 
sent, the heavy industries consume 70 per cent. of 
the power, town supplies require 15 per cent., 
railways take 10 per cent., and rural districts 5 per 
cent. 
Hypro-Execrric Powrer Stations. 


The power plants at Stadsforsen, Hammarforsen 
and Holleforsen are all situated on the river Indal- 
salven; the two first-named date from 1936 and 
1928, respectively, and the third is still under con- 
struction. The Stadsforsen station, begun in 1936 
and completed in 1940, is State-owned, and contains 
two units of 40,000 kW capacity each; a third set 
is now being installed, of the same power. The 
turbines are vertical-spindle single-runner Kaplan 
machines with steel spiral casings and run at 125 
revolutions per minute ; each drives a generator of 
50,000 kVA, delivering 50-cycles current at 9,800 
volts. The water discharge is 350 cub. m. per 
second, and the static head is 30 m. The main 
dam is of the concrete gravity type, having a separate 
reinforced-concrete slab on its front face to prevent 
any uplifting action. The crest length of the 
gravity dam is about 450 m. and the maximum 
height above rock level is 20 m. The adjoining 
earth-fill embankment has a crest length of about 
300 m. The spillway, in the middle of the dam, has 
four openings, three having Taintor gates to control 
the water level, and the fourth, for floating logs, a 
submersible sector gate. The intake and power 
house are constructed in concrete, founded on rock. 

Hammarforsen station, owned by a private com- 
pany, the Hammarforsens Kraft A/B, utilises a 
waterfall of unusual origin ; it is, in fact, only about 
150 years old. On the site of the present fall there 
was formerly a lake, with a level about 15 m. above 
the present level at Hammarforsen, which dis- 
charged over a fall at Gedungsen, some distance 
farther downstream. In 1790, a logging company 
began to cut a channel for logs past the Gedungsen 
fall, but a sudden rise in water level caused such 
heavy erosion of the channel as to change the 
course of the river and lower the lake about 30 m. 
The spillway dam now crossing the river has four 
openings, one for logs and three fitted with Taintor 
gates, as at Stadsforsen. There are four units, 
each of 55,000 kW, and space is available for two 
more, to bring the total capacity up to 85,000 kW. 
The first two turbines, installed in 1928, are of the 
Francis type and were followed by two Kaplan sets 
in 1942. All four have concrete spiral casings and 
Operate at 93-8 r.p.m. and a static head of 20 m. 
The water discharge is 320 cub. m. per second for 
the four sets, to be increased to 520 cub. m. when 
six sets are at work. 

Hélleforsen station, now under construction by 
the State, will contain eventually three 40,000-kW 
generators driven by single-runner Kaplan turbines, 
with concrete casings, running at 125r.p.m. The 
alternators will be similar in output to those at 
Stadsforsen. The static head is 26 m. and the 
discharge is 540 cub. m. per second. The dam is 
of the rolled earth-fill type, constructed about a 
reinforced-concrete core wall faced with impervious 
material. The maximum height of the dam, foun- 
dation to crest, is 41 m. and the crest length is 
about 250 m. The spillway has two openings with 





Taintor gates and one opening for logs, with a 
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submersible sector gate. The intake and power 
house are of concrete, founded on the rock, and a 
short tailrace channel discharges the water from 
the turbines into the river. About 10 m. of head 
will be obtained by excavating the river bed to a 
distance of some 6 km. from the power station ; the 
excavated material—sand and gravel—will amount 
to about 2,500,000 cub. m. 

Also on the Indalsilven is the Krangede power 
station, a privately-owned installation which was 
opened in 1936 with two generating sets, but now 
contains six; all are Francis turbines driving Asea 
generators, and they have an aggregate capacity of 
210,000 kW. Each unit takes 70 cub. m. of water 

second. The water is discharged through two 
tunnels, 1-4 km. long: The working head is about 
60 m. A notable feature is that the power house is 
blasted out of the solid rock, the generato-rroom 
floor level being 40 m. below ground. The tailrace 
tunnel, also excavated in rock, has a cross-section 
of about 115 sq. m. and a length of nearly 1} km. 
The proprietors, the Krangede A/B, are a joint 
stock comp.ny, the shares being held by various 
industrial undertakings and, in part, by the muni- 
cipality of Stockholm. They are also distributors, 
and their 220-kV power line was the first to be 
constructed in Sweden for this voltage. 

The Namforsen and Forsmo power stations are 
both situated on the ermanalven, some 50 miles 
to the north of the Indalsalven, and both are part 
of the State power development scheme. The 
Namforsen plant, which was started during the 
recent war, was brought into partial service in 
1946 and officially opened in September, 1947. The 
construction of the dam was complicated by the 
fact that the left bank of the river at this point 
consists of permeable gravel. To prevent leakage 
of water through the gravel, therefore, an embank- 
ment of impermeable clay, protected by rock fill, 
was constructed on the upstream part of the bank 
adjeining the dam. The main part of the dam is 
95 m. long and has three spillway openings with 
Taintor gates. The intake and power house are of 
concrete, on rock foundations, and the discharge 
is through a tunnel, 450 m. long, with a cross- 
section of 140 sq. m. There are two Kaplan single- 
runner turbines with concrete spiral casings, oper- 
ating at 136 r.p.m. and driving two 28,000-kVA 
11,800 volt generators; but space is provided for 
the installation of a third set, with a view to an 
eventual output of 260 million kWh per annum. 
The available water flow is 1,600 cub. m. per second, 
but the present consumption is 250 cub. m. per 
second. The static head is 23 m. 

The Forsmo station is still under construction, 
but should be completed by the end of this year. 
It consists of a concrete gravity dam with a crest 
length of 200 m. and a maximum height above 
rock level of 21 m. The four spillways have Taintor 
gates and there is also an intake for a log chute. 
The discharge tunnel is 950 m. long and 150 sq. m. 
in cross-section and delivers into a tailrace channel 
1,400 m. long, the flow being 250 cub. m. per second. 
The total static head is 34 m. The initial equip- 
ment comprises two Kaplan turbines driving 
45,000 kVA generators at 167 r.p.m., and a third 
set will be installed in due course. 

Harsprénget, the farthest north of the plants 
visited, is on the Luleadlv and has a rockfill dam 
with a reinforced-concrete core, faced with imper- 
vious clay. The length of the dam is 1,350 m. and 
height 50 m. above the rock. The generator room, 
excavated from the rock and 90 m. below the rock 
surface, will contain three 105,000-kVA units, 
driven by Francis turbines with steel casings. The 
discharge tunnel will be 3 km. long and 190 sq. m. 
in cross-section. The water passing will be 321 
cub. m. per second and the static head 107-5 m. 

The Trollhattan and Vargén stations were both 
described in detail in ENGINEERING, in vols. 92 
(1911) and 149 (1940), respectively. They have 
since been supplemented by the Hojum station, 
built between 1938 and 1942, containing two 
Kaplan-turbine sets of 52,000 kVA each, running 
at 136 r.p.m. Provision is made for a third set to 
be installed. The dam is of concrete with six spillway 
openings, one having a rolling gate and the others 
fitted with vertical roller-bearing gates. The water 
flow is 340 cub. m. per sec, and the head is 31-6 m. 
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AMBULANCE LAUNCH 
‘** ALFRED ROACH.’’ 


THE ambulance launch Alfred Roach, a photograph 


of which is reproduced on this page, has been built 
for the Port of London Health Authority at the 
Hampton-on-Thames yard of Messrs. John I. Thorny- 
croft and Company, Limited. The vessel has been 
designed for the reception of cases of infectious disease 
from vessels arriving at, or lying in, the Port, and their 
subsequent transport to the Port of London Isolation 
Hospital, Denton, Gravesend; she will also be used 
by the Medical Officer of Health for general inspection 
work in the lower reaches of the river. 

The launch has a length of 53 ft., a beam of 12 ft. 
and a draught of approximately 3 ft. 6 in. The hull 
is of round-bilge form and is constructed from double- 
skin mahogany on elm timbers. There is a good flare 
forward, while the quarters are well rounded in order 
to minimise risk of damage when getting away from 
steamers. The propelling machinery consists of two 
Thornycroft six-cylinder Diesel engines, each of which 
develops a maximum of 90 brake horse-power at 
1,600 r.p.m. The engines are arranged to drive handed 
propellers through reduction gearboxes having a ratio 
of 2 to 1. The machinery is controlled, directly from 
the helmsman’s position, by levers fitted alongside the 
wheel, there being a separate lever for each engine ; 
these operate simultaneously the oil-actuated reverse 
gears and the engine speed controls, so that when 
going from ahead to astern, the engines are slowed 
down automatically. For normal service, the vessel 
has a speed of 13} knots, but under full power can 
attain a speed of 144 knots. 

The launch will be on duty continuously day and 
night, and will be expected to undertake journeys 
regardless of the weather. The construction of the 
hull, therefore, is exceptionally strong and the sick-bay 
and living quarters have been made as comfortable and 
Spacious a8 the overall dimensions will allow. The 
sick bay is aft of the engine room and is fitted with 
port and starboard settees and acentral table. Stretcher 
cases are lowered on to the launch by the mast and 
derrick boom visible in the illustration. This is operated 
by a geared hand winch, which cannot overrun if it 
should be inadvertently released. The stretchers are 
placed on the sick-bay table, which is designed so 
that the top can be lifted off and the legs of the 
stretcher placed in runners fitted to the top frame- 
work of the table. Support for two further stretchers 
is provided by removing the backs of the settees and 
swinging out arms pivoted to the hull structure. 

Generally, the launch is well fitted out. The sick 
bay is provided with a cupboard for medical stores, 
a wardrobe for the Medical Officer’s clothing and 
lockers under the settees for the stowage of other 
equipment. The crew are accommodated forward, 
their cabin being furnished with cushioned seats, 
lockers and a hinged table. A galley is fitted between 
the engine room and sick bay, 8o that hot meals may 
be served at all times, while space heating is provided 


ZINC SPRAYING ON MENAI STRAIT 
SUSPENSION BRIDGE. 


TELFORD’s original suspension bridge over the 
Menai Strait, North Wales, was reconstructed in 
1938-40, to render it adequate for modern require- 
ments, this involving the complete replacement of all 
the steelwork, including the deck structure and the 
suspension chains. The work, which was described 
and illustrated in ENGINEERING, vol. 144, page 651 
(1937) and vol. 148, page 655 (1939), was carried out 
by Messrs. Dorman, Long and Company, Limited, 
Messrs. Sir Alexander Gibb and Partners being the 
consulting engineers. The steelwork of the new deck 
structure was allowed to weather before erection ; it 
was then thoroughly scratch-brushed to remove mill 
scale and painted with two lead priming coats and one 
finishing coat. The links of the chains, however, were 
shot-blasted and sprayed with two coats of zinc by 
Schori Metallising Process, Limited, Brent-crescent, 
North Circular-road, London, N.W.10. The thickness 
of the zinc deposit ranged from about 0-005 in. to 
0-006 in. The spraying was completed in December, 
1939, after which an undercoating of red-lead paint 
was applied to the links and they were stored in the 
open until erected about a year later. At this stage, 
a further lead priming coat and a finishing-paint coat 
were applied. 

Recently a party of engineers visited the bridge to 
inspect the condition of the steelwork after exposure 
for some nine years to a moist salt-laden atmosphere. 
The deck steelwork had been repeatedly patch-painted 
since the expiration of the original maintenance 
painting contract, yet it is stated to have shown rust 
patches almost everywhere. These flaked readily, 
showing incrustations of rust beneath. In distinct 
contrast, the links, which, it is emphasised, had not 
been treated in any way since 1940, not only showed 
no trace of rust anywhere, but the condition of the 
origina] paint was excellent. While the finishing coat 
had certainly become thin and “dusty” in many 
places, the two undercoats appeared to be in perfect 
condition and firmly adherent on every part of the 
links. The protection afforded by a zinc-sprayed 
deposit and the value of such an undercoating in 
preventing the spread of rust beneath a painted 
surface are thus clearly demonstrated. As there has 
been no need for any maintenance work on the links, 
the original cost of the spraying is considered to have 
been justified. The entire deck was being repainted 
at the time of the visit, but it is stated that the links 
are not being touched and will not be repainted for 
some time. 





BAEKELAND MEMORIAL LECTURE.—The Society of 
Chemical Industry announce that the second Baekeland 
Memorial Lecture, entitled ‘‘Leo Hendrik Baekeland 
and the Development of Phenolic Plastics,’”’ will be de- 
livered by Professor James Kendall, M.A., D.Sc., F.R.S., 
on Tuesday, November 16, at 5.30 p.m., at the Institution 
of Mechanical Engineers, Storey’s Gate, St. James’s 
Park, London, 8S.W.1. Admission is free, without ticket 





for by a number of oil stoves. 











Qrew’s wwe mcrse 


moter &@ om st 2 me wee Oo st 


= we. 


oC. he 


-— ome Oo et - 


"S VG DW =e MF O&O 


wre 


ENGINEERING. 


475 





Nov. 12, 1948. 





NOTES FROM SOUTH AMERICA. 


Due to South America’s severe shortage of dollars, 
imports from the United States are falling steadily, 
thereby increasing Britain’s opportunities to sell 
much-needed capital goods so far as production 

rmits. Some orders for food, etc., have been placed 
in Latin-America for shipment to Europe under the 
Marshal! Plan, but so far these have been insufficient 
materially to relieve the dollar shortage. This is 

rticularly the case in Argentina, where the shortage 
of United States currency and Belgian francs is leading 
to intensified efforts to obtain machinery, etc., in 
Britain for Argentina’s Five-Year Plan of industrialisa- 
tion. Many and important contracts are being 
increasingly placed in Britain, including such items 
as mechanical and electrical equipment for grain 
elevators, pumping plant, industrial equipment and 
transport items of all kinds, especially motor vehicles 
and aeroplanes. One order alone placed in London 
by the Argentine Government Purchasing Commission 
with British makers of steel rails, represents about 
6,000,000/. for 250,000 tons of steel rails and fishplates, 
to be delivered over a period of six years, and will 
benefit firms in the North-East Coast area, Scotland 
and South Wales. 

The newly-created Secretariat of Transport has 
control of the whole of Argentina’s land, sea, rail and 
air transport. The Secretariat, under a recent decree, 
has appointed a Railway Buying Mission with head- 
quarters in London. This technical representation in 
London is a welcome development, which is of great 
importance to British railway-engineering interests. 
The Secretariat is also studying plans for erectin 
workshops for the local manufacture in Argentina o 
Diesel-electric locomotives. Imports of machinery 
and vehicles accounted for about one-third (say 
55,000,0001.) of Argentina’s total imports over the first 
half of 1948, followed by iron and steel and manufac- 
tures (22,000,0001.). Over the first eight months of 
1948, Britain’s — global item of export to 
Argentina was “‘ vehicles and aircraft,” to a value of 
nearly 9,000,0001. 

With reference to the 18 tenders originally received 
for building a road tunnel under the River Riachuelo, 
which separates Buenos Aires from Avellaneda, four 
groups, representing British, American, Belgian and 
German interests—some collaborating with Argentine 
contractors—were afterwards called upon to make a 
further survey. Further large credits, totalling about 
25,000,0001., for public works, have been approved 
by the Argentine Government. About 800,000/. is to 
be spent through the Argentine Naval Commission in 
Europe on machinery and equipment fer the coalfield at 
RioTurbio. The Ministry of Marine _ 8 to improve 
various ports in Patagonia and to build a naval base 
at Puerto Madryn. 

Work continues intensively on increasing Argentine 
oil production, the State Oilfields having placed large 
orders for drilling equipment and refinery plants in 
the United States, as well as piping from Italy. The 
Argentine Government recently called for tenders 
forthe suppy of mechanical coal transporters. Pursuing 
the policy of large-scale hydro-electric development, 
frequent tenders are invited for the supply and installa- 
tion of hydro-electric plant and equipment; for 
example, for the works and installations of the Huelches 
dam on the Rio Colorado, which will be one of the 
largest dams to be built under the national Five-Year 
Plan. Recently, a contract worth about 400,000,000 

(say 23,000,000/. sterling) was awarded to the 
ited States engineers, Messrs. Parsons, Brinckerhoff, 
Hogan and Macdonald, for hydro-electric developments 
on the River Juramento, in the Province of Salta. 
North American experts are also surveying the Mendoza 
River for hydro-electric pu 8, while another 
project approved under the Five-Year Plan is the 
construction of a dam and power station on the River 
Los Molinos, some 50 km. to the south of the city of 
Cordoba, at an estimated cost of 46,433,000 pesos. 

In order to help Argentina’s industrialisation, an 
increasing number of Italian firms are being authorised 
to establish themselves in the Republic, bringing their 
own plant and equipment, free of duty, as well as staff. 
Among these is the Sociedad Argentina Fabricacién 
Tubos de Acero (S.A.F.T.A.), which is a mixed Italo- 
Argentine company for the manufacture of seamless 
steel tubes. Authority is being sought to increase 
the capital of the Government-controlled Argentine 
Steel Company from 100 to 500 million pesos because 
of the higher cost of the installations originally planned 
and the possible need to enlarge them to obtain greater 
ptetee. Some scepticism is still expressed in 

uenos Aires as to the ultimate success of this under- 
taking—upon which the greater part of Argentina’s 
future industrial capacity will depend—notwithstand- 
ing that the scheme is being operated by the Depart- 
ment of Military Manufactures. 

The record large dollar finance being arranged in 
New York by the Royal Dutch-Shell Group for oil 
development schemes in the Western Hemisphere 





emphasises the remarkable prosperity which Venezuela 
is enjoying because of the enormous expansion in the 
oil industry; this is also proportionately true of 
Colombia. British machinery is well regarded in 
Venezuela, and the Government organisation styled 
Corporacién Venezolanade Fomento is widely developing 
natural resources such as local industries and agricul- 
ture, irrigation and road construction and extension 
of port facilities. As a result of a recent survey, the 
Corporacién has drawn up plans for developing electric 
power, whereby 600,000 kW will be added to the 
country’s installed capacity at an approximate cost of 
nearly 40,000,000. sterling. Colombia has obtained 
important loans from the United States Export-Import 
Bank for large irrigation schemes. Because of their 
fundamental importance to Chile’s economic progress, 
the Government are concentrating a large part of 
available funds on long-term plans involving the con- 
struction of electric power plants, the copper-smelting 
foundry at Paipote, and the steel plant at San Vicente, 
as well as the oil wells at Cerro Manantiales. 

A comprehensive survey of Brazil’s resources and 
capacity for economic development is being undertaken 
by a joint United States-Brazil Technical Commission 
in Rio de Janeiro. Brazil’s chief need continues to be 
transport and engineering equipment generally. Under 
the recent Anglo-Brazilian trade agreement, Britain is 
already increasing exports of goods which Brazil 
urgently requires. Whereas, in 1947, no British coal 
was shipped to Brazil, or up to June 30, 1948, 
amounted to nearly 16, tons ; a8 the agreement to 
send 500,000 tons was only signed at the end of May, 
a good start has been made, therefore, in restoring this 
traditional export business with Brazil. Railways and 
docks are being steadily expahded, and the supply of 
urgently-needed new transport material is gradually 
improving. The Chamber of Deputies has passed a 
Bill establishing the National Railway Fund for the 
modernisation of Brazilian railways. It is proposed 
that the Fund shall be constituted by revenue from 
various sources, including the railway improvement 
tax established in June, 1945; special taxes on 
petroleum products, mineral ores and electric power ; 
an increase in the tax on imported coal; and regular 
allocations from the Budget. In addition, the Govern- 
ment would be authorised to issue 7 per cent. Railway 
Bonds to the amount of about 93,000,000/., and to 
negotiate foreign loans for the purchase of imported 
material. 

The Rio de Janeiro Port Administration has received 
tenders from five international groups for the construc- 
tion of a pier at Praga Maué to relieve port congestion ; 
the Minister of Finance has approved a project involv- 
ing the expenditure of nearly 800,000/. on extending 
the quays at the Santos docks; and the Séo Paulo 
Government have placed an order in the United States 
for four ferry-boats to augment the service between 
Santos and the adjoining island of Santo Amaro. The 
Government of the State of Paré have been authorised 
to contract a loan of 750,000 U.S. dols. with the Export- 
Import Bank, which, together with a further credit from 
the Bank of Brazil, is to be used for electric-power 
developments. All the shipping undertakings in Brazil 
are interested in more new heavy tonnage, a8 well as 
various small coastal, river and harbourcraft. Twent: 
new modern cargo vessels for Lloyd Brasileiro (14 of 
which are being built in Pascagoula, U.S.A., and six 
in Montreal) are in course of delivery or already in 
service. John Morris and Company (Gosport), Limited 
have obtained a contract to build a fleet of river craft 
to operate on the inland waterways of Brazil ; this con- 
tract is understood to be worth nearly 250,0001. 

The contract covering a loan of 7,500,000 U.S. dols. 
from the Export-Import Bank of Washington to the 
Cia. Vale do Rio Doce has been signed ; this loan was 
required to buy additional equipment for the Itabira 
iron mines, which this company operate. The annual 
report for 1947 of the Cia. Siderurgica Nacional showed 
that such good progress was made during the year that 
the construction of the Volta Redonda steel plant, 
including the installation of additional sections, was 
rapidly nearing completion. The output of pig iron 
was 175,673 metric tons, part of which was used in the 
manufacture of 146,544 tons of steel ; the total quantity 
of rolled steel produced was 94,342 tons. The president 
of the company has claimed that some of the company’s 
products were already competing in price with similar 
articles of foreign origin ; this remark appears to refer 
especially to steel rails and not to tinplate, but the 
entire local production of tinplate finds a ready market 
by reason of the present world shortage. 





“ G. J. CHURCHWARD ”’ LOCOMOTIVE.—A “‘ Castle ” class 
locomotive, No. 7017, of the Western Region, was named 
“Gq, J. Churchward ” on Friday, October 29, after the 
chiét mechanical engineer of the Great Western Railway, 
who held office from 1902 to 1921. The ceremony was 
performed at Paddington Station by Captain (E) 
William Gregson, R.N.R., M.Sc., President of the 
Institution of Mechanical Engineers. 


ILLUMINATING ENGINEERING 
DEVELOPMENTS. 


On Thursday, October 14, Mr. R. O. Ackerley de- 
livered his chairman’s address to the Utilization 
Section of The Institution of Electrical Engineers. 
Ideas of what consiituted good lighting were now, he 
said, very largely questions of compromise beiween 
conflicting interests. The benefits of high illumination, 
for example, had to be evaluated against its cost, and 
the difficul ies of providing it with comfort. The 
readiness of the community to accept changes was also 
a factor, as the benefits of many advances took time to 
prove and their general acceptance was therefore slow. 
When electric lamps first came into use, general lighting 
was considered good practice, but with the introduction 
of gas-filled lamps, it was superseded by local lighting 
using shielded lamps. This, though giving a good 
light on the work, produced an unpleasant contrast 
between the bright working place, and the gloomy 
surroundings ; and the advent of higher wattage gas- 
filled lamps favoured the return to general lighting. 
It was now appreciated, however, that though local 
lighting by itself was bad, it could be useful when 
ee to supplement more general lighting. 

n the earlier forms of planned general lighting, direct 
glare was avoided by housing the lamps in reflectors 
having a 70 deg. cut-off, though this did not prevent 
go being reflected from polished articles. Visor 

Tronts and diffusing fittings were therefore employed 
to reduce excessive brightness from most angles of 
view. The cut-off reflectors, however, allowed no 
direct light to reach the ceiling, and a dark “ tunnel 
effect” was created. To remove this, fittings were 
introduced, which allowed some direct lighting upwards. 
The importance of such developments, and of the use 
which could be made of shadows and high lights to aid 
visibility, became especially apparent during the 
Tecent war, when many people had to work for long 
periods under artificial light 

As brightness increased, the eye became progressively 
more susceptible to discomfort from excessive con- 
trasts, or to what was often called “‘ discomfort glare.” 
This discomfort was caused, not only by the contrast 
between excessively bright objects, and the surrounding 
brightness, but also by the total volume of light falling 
on the eye. Investigations had shown that, if the con- 
trast between the brightness of the lighting fittings and 
the surroundings was just tolerable, then, should the 
brightness of the fittings be doubled, the surrounding 
field-brightness might have to be increased several times 
for the installation to remain just comfortable. The 
relationship between field- and fittings-brightness led 
to the development of methods whereby high-intensity 
unobstructed light reached the working plane, but only 
the low-brightness areas of the fittings remained visible 
to the eye at normal angles of view. One of these 
methods employed “egg crate’’ louvres below con- 
cealed lamps, so that the whole ceiling, as seen from 
below, was of the same low brightness, though direct 
light was concentrated downwards through the louvres 
to the working plane. With these newer methods, 
generallighting installations were being devised whereby 
the brightness of the working plane exceeded that of 


¥ | anything else in view—a situation comparable with the 


best daylight conditions. 

The safe dissipation of the heat generated by a light- 
ing unit was often a difficult problem. Materials had 
to be used, which besides resisting corrosion, had good 
light reflecting properties. New circuit and control 
problems had also been introduced by the development 
of the electrical discharge lamp, and by its installation 
under working conditions. For the best solution of 
almost any lighting problem, it should be remembered 
that objects reflected light in a manner characterised 
by their size, colour, surface, etc., and by the spectral 
composition of the light falling on them ; and that the 
reflections from surrounding objects together made up 
the background against which any particular object 
was seen. The nature of these reflections indicated the 
type of lighting most suitable for a given purpose, and 
determined for example, how much light was required, 
whether vision was aided best by specular or preferen- 
tial high-lights, or by gradation of shadow ; and showed 
also the relative importance of colour-contrast as com- 
pared with light and shade contrast. 





LOCOMOTIVE - ENGINEERING APPRENTICES. — Messrs. 
Robert Stephenson and Hawthorns, Limited, Darlington, 
have published a second edition of a booklet entitled 
** Engineering Opportunities.” It describes the schemes 
for engineering apprentices and trade apprentices in 
their two works, at Darlington and Newcastle-upon- 
Tyne, and includes an illustrated account of the principal 
shops. The firm have organised a system of bonus pay- 
ments under which a youth who attends 80 per cent. 
or more of the night classes, and passes the examinations, 
can earn an additional 10s. per week. 
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LABOUR NOTES. 


A PRELIMINaRY report of the first session of the Anglo- 
American Council on Productivity, which held its 
concluding meeting last Friday has been issued. The 
most striking decision is one to make immediate arrange- 
ments for a series of visits to be paid to the United 
States to study production methods in representative 
factories there, by teams of British employees of all 
levels and recruited from a variety of industries. No 
estimate has yet been made of the number of teams to 
go, but some hundreds of visits may take place if the 
scheme meets with the success which is anticipated. 
Return visits by representatives of both sides of 
industry in the United States will be encouraged by 
British members of the Council. A trial run is to take 
place to gain experience of the problems of organisation 
involved. The Council has appointed a committee of 
eight, which will include Sir Maurice Denny, Bt., Mr. 
Arthur Deakin and Mr. Will Lawther, to organise the 
arrangements for these exchange visits. 





The Council set up four other committees. One of 
these, consisting of Sir Greville Maginness, Mr. T. 
Williamson, Mr. J. Spencer Love and Mr. Victor 
Reuther, will study the level of productive plant and 
power in particular British industries, to determine 
whether the rate of production is rising or falling in 
relation to the necessities of our national economy. 
The Council recognised that in the United States the 
production costs of finished articles is frequently 
reduced through the activities of firms which specialise 
in the manufacture of component parts. A committee 
of four has accordingly been appointed to examine 
this practice and report on how far it can be copied by 
British industry. A third committee will investigate 
the means which each country uses to disseminate 
economic information and to increase the public under- 
standing of current economic problems, particularly 
as they concern production. The remaining committee 
will inquire into the basis on which production is mea- 
sured here and in America, together with the nature 
and collection of productivity data, and the use made 
of this information. 





Great emphasis is placed, in the Council’s report, on 
the importance of more mechanisation throughout 
industry in Britain. A rising trend of mechanisation 
and an increase in the use of power are considered to be 
essential to a British economy of expanding scope and 
magnitude. The report recognises the sharp limitations 
which are at present placed on this country’s ability 
to increase its use of power and machinery as a result 
of the war years and the resulting shortages, but 
everything possible should be done to bring about an 
increase, by the Government and managements alike. 
An early improvement in productivity can come only 
through the most effective use of man-power and the 
facilities to hand. The report continues: ‘‘ Constant 
and enthusiastic vigilance is necessary on the part of 
managements to keep abreast with and apply the best 
practices and most modern methods. Much can be 
done without waiting for complete re-equipment.” 
The next session of the full Council will take place in 
the United States during the first three months of 1949. 





A special meeting of the national executive of the 
Post Office Engineering Union was held on November 4, 
to consider the report of the delegation which had 
met the Postmaster-General on the preceding Monday 
to press the union’s claim for wage increases. This 
claim had originally been presented six months pre- 
viously, and the union had expected that Mr. Wilfred 
Paling would give its representatives a definite answer. 
In this, however, they were disappointed, as Mr. Paling 
informed them that he was still unable to give any 
decision. A rejection of the claim would enable the 
union to appeal, if itso wished. Mr. D. J. W. Coward, 
the union’s general secretary, has stated that the 
union considers that the claim, as finally submitted, 
comes within the Government’s wages policy as out- 
lined in the White Paper on ‘‘ Personal Incomes, Costs 
and Prices.’ It asks for wage increases, varying from 
7s. to 188. weekly, for the union’s 55,000 members in 
the engineering, motor transport and stores branches 
of the Post Office. The present rates for some members 
are stated to be below 51. weekly. The other Post 
Office union, the Union of Post Office Workers, has 
now presented a claim for increases for postmen, 
sorters, telephonists and all other manipulative grades. 
A 5l. a week minimum is included in this claim. 





Discontent at what is considered the inordinate 
delay in dealing with the claim has been steadily 
growing among the union’s rank and file. According 
to a statement issued after its special meeting, the 
union’s national executive decided to advise members 
that their co-operation should no longer be given to 


departmental joint production committees. Mr. 
Coward stated that dissatisfaction with the delay had 
reached such proportions that the union could no 
longer ask its membership to collaborate with the 
official side in seeking a solution to production pro- 
blems. It was also decided to call a conference of the 
union’s branch chairmen and secretaries to meet in 
London to-morrow to consider what further action shall 
be taken. 





Man-power problems are to be discussed at a special 
conference of trade-union officials, which has been 
summoned by the General Council of the Trades Union 
Congress to meet in London next Thursday. The 
General Council states, in a report issued last Monday, 
that there are cases in which large numbers of work- 
people are unable to work a full week, in spite of the 
overall shortage of man-power, and mentions an 
instance where one basic industry was starved of 
women employees at a time when many women, who 
were originally employed in that industry, were 
engaged on part-time work in other industries in the 
same locality. The General Council realises that the 
solution to problems such as this may involve the 
transfer of workpeople to other localities and the 
adoption of measures not generally liked, but it main- 
tains that the problem must be tackled if a policy of 
full employment and maximum production is to be 
successful. The excessive turnover of labour, which 
the General Council estimates to amount to 50 per 
cent. annually in many industries, is considered to be 
often due to underlying difficulties which not only 
impede production but form a breeding-ground for 
local grievances. Union officials are urged to examine 
labour conditions wherever excessive turnovers exist. 





The great value of the report lies in its recognition 
of trade-union responsibility to contribute towards the 
national effort for increased production. It not only 
explores the present industrial position, but makes 
recommendations to the unions on how they can assist 
production. The General Council has referred on other 
occasions during the present year to the need for 
increased production in the interests of the work- 
people themselves, and it now feels, apparently, that 
there is a general agreement in the trade-union move- 
ment on this head. The report recognises that the 
fundamental difficulty is to find means of increasing 
production at a time when labour, materials, fuel and 
power are all in short supply. The need to economise 
man-power is the concern of all branches of commerce 
and of all services, and not of productive industry 
alone. Dealing with restrictive practices, the report 
says that both sides of industry are concerned where 
these exist and that they should be investigated by 
union executives and managements. It recognises 
that demarcation problems between different crafts 
create obstacles to efficient working and wants them 
examined in relation to the policy of full employment. 





There is a lack of enthusiasm over wide sections of 
industry, the General Council say, for the formation of 
joint production committees, and they attribute this 
partly to the hostility of certain employers and partly 
to the indifference, or even opposition, by some work- 
people. In other cases, a lack of knowledge on how 
to start may exist. Union officials are urged to seek 
means of removing these difficulties. Greater encour- 
agement should be given by the unions to schemes of 
training their members in the principles of manage- 
ment. The scheme of Training Within Industry, which 
has been operated in many works with good results, 
should receive greater support. The instruction of 
shop stewards in the principles of costing, production, 
industrial relations, the representation of workpeople, 
and the relations of workpeople and managements, 
must be tackled by the unions with a will to succeed. 





The Ministry of Labour and National Service 
publishes for the first time, in the October issue of its 
Gazette, figures showing the turnover of labour in the 
chief manufacturing industries. It proposes to publish 
labour turnover figures monthly in future. The figures 
now given relate to the four weeks ending on July 24 
and show a greater turnover for women than for men. 
For every 100 persons in employment at the com- 
mencement of the period, a further 2-3 were engaged 
during the succeeding four weeks. For men only, the 
engagements were 2 per cent., and, for women only, 
3 per cent., of the numbers of men and women, respec- 
tively, in employment on June 26. The overall per- 
centage of discharges during the period, June 26 to 
July 24, was 2-5; the figure for men only being 2-0 
and for women only 3-5. These figures, are subject to 
some limitations. For example, persons who both join 
and leave a particular firm during the period are not 
recorded. The figures add emphasis tothe report of 
the T.U.C. General Council on man-power and pro- 





ductivity, referred to above. 


CINEMATOGRAPHIC STUDIES of 
THE MOTION OF RAILWAY-VEHICLE 
WHEELS.* 


By F. C. Jonanssn, D.Sc. (Eng.), M.I.Mech.E, 


THE development, during the past 20 years or so, of 
fast photographic emulsions, and of portable ang 
relatively cheap and simply-operated cinematograph 
apparatus, has valuably enhanced the available means 
of studying dynamic problems encountered in industry, 
Time magnifications up to x 200 are readily attainable 
of movements that are too rapid for human vision, 
yet which, being recorded optically, are free from 
erroneous inertial or other mechanical effects of attach. 
ments to the parts under investigation. The film is a 
permanent record that can be examined under condi. 
tions conducive to accurate observation, re-examined 
as often as needful for apprehension of all the detail 
revealed, and analysed with precision by ocular viewing 
or frame-by-frame projection of individual pictures. 

The Research Department of the London Midland 
Region of British Railways possesses two 16-mm. Kodak 
cinematograph cameras, having maximum taking 
speeds of 64 and 3,000 frames per second, respectively, 
The former has the ordinary intermittent motion 
whereby the film is momentarily arrested for each 
exposure, and is fitted for governed clockwork drive 
which enables the picture intervals to serve adequately 
as a time scale after calibration against a precision 
stop watch included in the camera field. The latter 
camera, shown in Fig. 1, o ite, with the door 
removed, employs continuous film travel by electric 
drive and has a rotating glass-block compensator to 
move the image with the film during exposure, of which 
the principle is illustrated diagrammatically in Fig. 2. 
A fork-controlled 1,000 persecond flashing time scale is 
embodied in the camera and a 100-ft. length of film is 
exposed in about seven seconds at the highest taking 
speed. Eithercamera requires continuous illumination 
of the subject with suitably intense and actinic light. 

In cases where movements, as distinct from forces, 
are of primary interest, the serious practical difficulties 
of measuring and recording phenomena associated with 
the rapid travel of vehicles can be largely overcome by 
cinematography at appropriate taking speeds. Promi- 
nent among such phenomena are the secondary motions 
of railway wheels which take place concurrently with 
the primary rotation. Such secondary or incidental 
motions play an important part in the general inter. 
action between wheels and rails, and give rise to 
problems concerned, on the one hand, with the safe 
riding of the vehicle and the comfort of passengers, 
and, on the other hand, with the economic aspects of 
the wear and maintenance of vehicles and track. 

This paper describes the experimental procedure 
adopted in some cinematograph studies carried out 
by the Scientific Research Department of the Lonaon 
Midland and Scottish Railway, and being continued by 
the London Midland Region of British Railways. The 
experiments are concerned with lateral oscillations of 
the coach wheels of a multiple-unit electric train, with 
special reference to alternative tread coning and 
periodic side-cutting of rails; and with vertical vibra- 
tions and “bouncing” of the driving wheels of a 
reciprocating steam locomotive. 

It is the general practice for the wheels of railway 
vehicles to be fixed—usually by press-fitting, with the 
addition of a key in the case of driven wheels—in pairs 
on to a common axle. It is also traditional for the 
wheel-treads to be conical, decreasing in diameter 
from the inner (flange) side to the outer at a slope 
expressed by the tangent of the angle between the 
tread and the transverse axis. It is standard practice 
on British railways to tilt the rails inwards at the 
same slope as the wheel coning, so that the wheel 
treads are normal to the (nominally) vertical axis of 
the rails. The intention underlying the introduction 
of these practices, a century or more ago, is now 
obscure, though probably it was done to impart & 
centring tendency to the wheel-axle assembly, and to 
reduce the slip Tetweon wheels and rails if the two 
wheels were not of exactly equal diameter or were 
travelling along curved ‘ack. 

Whatever the original object may have been, rela- 
tively modern analysis and experimentsf demonstrate 
that the outstanding effect of tread coning, on straight 
track, is to cause the wheels to pursue a sinuous course, 
of which the lateral amplitude is influenced by track 
irregularities and certain mechanical details of the 
truck (the wheels forming an essential part), and which 
is limited by the transverse clearance between 
flanges on the inner faces of the wheels and the inner 
sides of the rails. The theoretical wavelength of the 
path of a single assembly comprising two wheels 





* Paper presented at the Seventh International Con- 
gress of Applied Mechanics, held in London from Sep- 
tember 5-11, 1948. Abridged. 

t Notably those of Dr. R. D. Davies, made at Cam- 








bridge University on behalf of the L.M.S. Railway. 
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rigidly fixed on one free axle is given by the formula® : 


A= ot where, in consistent units, A is the wave- 
length, 6 is the axial distance between the rail-wheel 
contacts, d is the diameter over the wheel treads, and 
tis the tangent of the angle of tread coning. It will 
be noted that the wavelength is independent of the 
speed of travel of the wheels along the rails, and that 
the angle of tread coning is the only one of the relevant 
factors that can be practicably modified. The steeper 
the angle of coning, the shorter the wavelength ; 
conversely, if the wheel treads are truly cylindrical, 
the theoretical wavelength is infinitely large and the 
wheels suffer no regular transverse oscillations and move 
laterally only as a consequence of irregularities, curva- 
ture or super-elevation of the rails. For a rigid four- 
wheeled bogie of wheelbase 1 the formula becomes : 


s-o/ GF) (a) 
t bo 

The majority of railway passenger coaches are 
carried on two two-axle bogies, each of which is free to 
rotate (within limits) about a vertical pin-joint at its 
geometrical centre. Mechanical clearances between the 
journals and the axleboxes, and between the axleboxes 
and the axlebox guides fixed to the bogie frame, 
together with a slight degree of flexibility in the frame 
structure, permit transverse oscillations of each wheel- 
axle assembly within the limits imposed by the flanges ; 
not, however, without some interaction between the 
two axles in the same bogie. The result is that the 
bogie as a whole, when travelling, suffers a funda- 
mental transverse oscillation of about the same wave- 
length, A, as that corresponding to the dimensions and 
coning of the wheels. 

In service, the wheel treads wear “‘ hollow,” that is, 
the depth of wear is greater at the middle of the width 
of the tread than at either side. The tread profile 
therefore tends to fit the rail profile, which is curved 
at the running surface to a radius of 9 in. to 12 in., 
the effect being equivalent to steepening the tread 
coning. Wear of treads thus causes a ie to oscillate 
with a smaller wavelength, and therefore a higher 
frequency at any particular s of travel. At high 
speeds severe transverse oscillations can occur, which 





accentuate the wear of wheels and rails, and transmit 
shocks and vibrations to the body of the vehicle, 
causing structural deterioration and discomfort to 
passengers. Conversely, reduction of the steepness of 
tread-coning may be expected to reduce transverse 
Wheel oscillations, and, consequently, to reduce the 
rate of tread wear and to extend the length of service 
sing which wheels afford safe and comfortable 
nN > 





* Railway Electric Traction, by F. W. Carter ; Edward 
Arnold and Company (1922); also “‘ Etudes sur le Lacet 
des Véhicules,” by M. Mauzin. Revue Générale des 
Chemins de Fer, vol. 52, page 25 (1933). 





Crnt CAMERA WITH S1pDE Door REMOVED. 


In 1935, experiments were started on the (then) 
London Midland and Scottish Railway to compare the 
riding qualities, in new and worn condition, and the 

characteristics, of coach-type wheels with 
tyres initially turned (a) to the standard A.R.L.E. 
(Association of Railway Locomotive Engineers of 
Great Britain and Ireland) profile embodying a tread- 
coning angle of 1/20; and (6) with cylindrical treads. 
Subsequent tests were made (c) with treads coned 1/100. 
Apart from the coning angle, the profiles of (b) and (c) 
were as similar as possible to that of (a). The tests 
were carried out on the Liverpool-Southport electrified 
line on a three-car train set, in which each of the 
24 wheels received the same profile machining. Details 
of the test programme and results have been published,* 
and it is sufficient, therefore, to remark here that the 
lateral behaviour of one wheel of one four-wheeled 
bogie of each coach was ciné-photographed in new 
condition, at train speeds up to 65 m.p.h., and subse- 
quently as worn by various recorded mileages in normal 
service. The amount and nature of tyre wear was 
deduced from profilet and diameter measurements. 
In general, films were exposed while the train was 
passing over specific lengths of track, selected to 
represent typical characteristics, for example, straight, 
curves, crossings, etc., and to enable different condi- 
tions of train operation to be studied, such as with 
power on, or coasting; while, at the same time, 
avoiding unknown influences of varying track imper- 
fections. 

The cinematographic arrangement was dictated by 
the need to record the transverse movements of a 
wheel at a place as close as practicable to the contact 
of the niet upon the rail. A periscope, embodying a 
silvered-glass mirror at about 45 deg. to the horizontal 
and vertical, projected downwards through a hole in 
the coach floor so as to terminate a few inches above 
rail level, and was adjusted until the inner edge of the 
rail head appeared as a vertical line near the centre of 
the field of view. The wheel-rail contact region was 
illuminated by a 1,000-watt lamp backed by a parabolic 
reflector; and, on account of the space needed to 
mount the periscope and lamp in appropriate positions 
on the underframe, photography was confined to wheels 
on the inner sides of | bogies, that is, nearer the centre of 
length of the coach. The intensity of lighting was 
adequate in bright weather for taking speeds up to 
64 frames per second. 

For these experiments the normal clockwork camera 
drive was disconnected and replaced by an electric 
motor, driving through a floxible coupling at suffi- 
ciently constant a adjustable to any desired value 
by a rheostat. e electric drive enabled the camera 





* “A Study of the Riding and Wearing Qualities of 
Railway Carriage Tyres having Various Profiles,” by 
C. W. Newberry, Proc. I. Mech. E., vol. 153, page 25 
(1945). (War Emergency Issue No. 2.) 

{ “The Accurate Recording of Tyre Profiles,” by 
©. W. Newberry. ENGINEERING, vol. 153, page 361 
(1942). 
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to be started and stopped by means of a remote switch 
in the driving compartment at the front of the train, 
where an observer noted the approach of the train to 
the various selected lengths of track. Train speed 
was measured by a speedometer in the driving com- 
partment. A time scale was provided on the cinema 
film by means of a small lamp mounted inside the 
periscope in such a position that it registered in one 
corner of the picture. The lamp was actuated by a 
clockwork-controlled contactor, to flash briefly at 
two-second intervals while the camera was working. 
The films obtained show successive pictures of the 
lower part of the wheel, including the tip of the flange, 
and a short length of the rail on which it runs. In 
consequence of the adjustment of the periscope and 
camera, the inner edge of the rail and the inner face 
of the wheel appear as clearly defined lines, with 
practically no parallex error. The fluctuating distance 
between them provides a measure of the lateral oscil- 
lation under investigation, which can be related to 
distance travelled by the simultaneous records of time 
and train speed. To facilitate study and comparison 
of the results for different conditions of test, apparatus 
has been devised to transcribe the film records into 
compact graphical form. It consists of a carriage, free 
to travel laterally under the control of a hand-operated 
lever, a similar lever controlling a laterally moving 
pencil, and a second pencil actuated by a solenoid and 
push-button to mark timing signals and other isolated 
events. The carriage contains a spool of sprocket- 
perforated paper, driven synchronously through reduc- 
tion gearing from the film projector and presenting a 
small vertical screen on to which the moving rail- 
wheel picture is slowly projected. An observer manipu- 
lating one lever traverses the spool and screen so as to 
keep a datum line, printed parallel to the length of the 
paper, coincident with the inner edge of the picture 
of the rail. Thus the apparent movement of the rail, 
due to the oscillation of the body of the coach on 
which the periscope and camera were mounted, is 
counteracted and the printed line on the paper screen 
always represents the inner edge of the rail. Simul- 
taneously, another observer follows the image of the 
wheel flange, and draws a ‘graph of its movement aided 
by the shadow of a vertical wire attached to the pencil 
carrier connected to the lever under his control. By 
suitable adjustment of the wire relative to the “‘ flange ” 
pencil, the latter can be arranged to coincide with the 
‘rail’? line when the flange of the tyre is in hard 
contact with the rail. Hence the “ rail” line serves 
as a datum, normal to which the transverse oscillation 
of the wheel appears as a continuous trace, the scale 
being determined by known dimensions of the wheel 
or rail. The longitudinal scale of distance travelled 
is greatly reduced by the driving gear, to yield a 
compact diagram on which the characteristics of the 
transverse wheel motion can be readily seen, 
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The outstanding result of the experiments was to con- 
firm American reports that the riding of coaching stock 
is better with cylindrical wheel rasan than with coned 
treads; and to show, in addition, that the improvement 
persists yd aecpene service mileages than are commonly 
obtained before standard 1/20-coned wheels need to be 
reconditioned. Comparisons of wear are subject to the 
qualification that the experimental wheels with 1/100 or 
zero coning were ing on rails worn by, and canted 
to suit, wheels coned at 1/20. The quality of riding is 
generally better, and the effects of tread-coning are 
consequently less marked, at low than at high speeds 
of travel. general, it was found that, while the 
oscillatory motion of wheels is characteristic of the 
tread-coning, imperfections and other features, even 
of straight track, exert a marked influence on trans- 
verse wheel motion, such that, along certain lengths, 
the motion is entirely determined by track conditions. 
On curved track, also, the lateral position of wheels is 
largely controlled by factors having greater influence 
than tread coning. 

On most straight track, the coned wheels reveal the 
expected regularity of transverse oscillation, the wave- 
length being a function of distance, not of time. In 
the case of newly turned 1/20 profiles, the predominant 
wavelength is about 60 ft. (which agrees with theory 
for a single pair of wheels 43 in. in diameter); but the 
records frequently indicate a harmonic of about half 
that wavelength, doubtless attributable to inter- 
action between the two wheel-axle assemblies in the 
same bogie. The wavelength is smaller, and the riding 
less satisfactory, when treads originally 1/20 become 
worn. The good riding of cylindrical wheels is due to 
the fact that they oscillate through smaller transverse 
amplitudes, as well as more slowly, than coned wheels. 
The experiments revealed, however, that a very small 
difference in the diameters, over the treads of the two 
wheels on one axle, creates a marked tendency for 
cylindrical wheels to run “skew,” with the flange of 
the smaller wheel predominantly against its rail. The 
small diameter difference is within the manufacturing 
tolerance, and, even if it were avoided in newly-turned 
wheels by expensive precise machining, it cannot be 
expected to persist as wheels become worn in service. 
The skew-running tendency causes preferential flange 
wear such that the wheels have to be withdrawn for 
renovation on this account long before the treads are 
worn seriously hollow. 

Some degree of tread-coning being, therefore, clearly 
desirable to counteract the excessive flange wear due 
to practically unavoidable slight disparity of wheel 
diameter, a further series of tests was made with treads 
coned at 1/100, the intention of the compromise being 
to combine good riding qualities with satisfactory 
wear characteristics. The results gave a standard of 
riding only very slightly below that of cylindrical 
wheels, and strikingly superior to that of wheels wich 
1/20 coning, both in new condition and as worn after 
many thousands of miles in service. The 1/100-coned 
wheels oscillated through consistently smaller ampli- 
tudes than 1/20-coned wheels, at wavelengths ranging 
nearly up to 100 ft., sensibly independent of speed, 
but affected by the nature of the track and the situation 
of the wheel along the train. 

Tread-coning of 1/100 produced barely perceptible 
inequality of flange wear on the electric test train. 
When, subsequently, it was tried on the wheels of a 
standard steam-stock passenger coach, its good riding 
qualities were confirmed but undue preferential flange 
wear took place. The coning was adequate, in theory, 
to counter the small measured disparities in wheel 
diameter, and the only explanation forthcoming was 
that there were slight structural imperfections in the 
alignment of the bogies, coach frame and drawgear 
which tended towards skew running and which were 
too great, combined with the ible diameter differ- 
ences, to be overcome by as little as 1/100 tread coning. 
It appears, therefore, that some coning—say, 1/75 or 
1/50—originally intermediate between 1/100 and 1/20, 
should provide the optimum practical compromise for 
passenger vehicles. 

The term “side-cutting” is commonly used by 
permanent-way engineers to describe any marked 
degree of wear of the inner (that is, the gauge) side of 
rails by the wheel flanges, such as occurs on sharp 
curves. One type of side-cutting, appropriately known 
as “ periodic,” occurs predominantly on straight track 
and takes the form of worn polished patches, spaced 
alternately along the two running rails at fairly regular 
intervals. An example can be distinguished on the 
running rail of theelectrified track on the left-hand side of 
Fig. 3. Betweensuccessive patches, side wear is normally 
slight, but along each patch it gradually increases 
to a maximum, near the centre of the patch, beyond 
which it gradually decreases. On straight track, 
both rails are about equally affected, the maxima 
of wear on one rail lying midway between those on the 
other. On curved track, periodic side-cutting is much 
less common and marked than on straight track, and 
the abraded patches persist along the outer rail for some 
distance after those along the inner rail have ceased. 
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Fie. 3. Psrioprcatty Sipe-Cur’ Rams on Lert. 





Fig. 4. 


Inspection of on | typical examples of periodic 
side-cutting on track maintained by the London 
Midlana Region of British Railways has revealed that, 
while it occurs to some extent on rails used by steam 
trains, it is far more common and severe on electrified 
track used intensely, and almost exclusively, by 
multiple-unit passenger trains. During recent years, 
when track maintenance has been in arrear on account 
of the war, maximum side-cutting wear amounting to 
as much as 2 lb. per yard abrasion of metal has been 
measured, representing a serious curtailment of useful 
rail life. Riding of vehicles may be so adversely 
affected as to evoke complaints from passengers, and 
the maintenance of bogies—more particularly, the 
suspension bearings of motor bogies—may be signi- 
ficantly increased. 

These superficial observations suggest that the 
severity and regularity of periodic side-cutting on 
electrified track are aesociated with the frequent 
passage, normally at about the same speed, of vehicles 
nearly all of which are very similar to one another in 
size and design. The further fact that the distance 
between successive maxima of side-cut wear is typically 
of the same order as the predominant wavelength of 
transverse oscillation expected of the wheels, suggests 
a close connection between them. There are, however, 
complications in that the spacing of the rail joints is 








INCLINED-MIRROR PERISCOPE. 


60 ft., which also is closely the same as the expected 
wavelength of sinuous oscillation of 43-in. diameter 
wheels having 1/20 tread-coning. Again, the periodic 
time of rolling oscillation of the boay of an electric 
passenger coach on its bolster springs is of the same 
order as the periodic time of transverse wheel oscilla- 
tion at the speeds at which trains usually pass over 
lengths of side-cut track. Itis a matter of experience 
that vehicles travelling at normal speed over periodi- 
cally side-cut track suffer undue rolling oscillation, but 
that may well be the consequence, rather than the 
cause, of regular transverse wheel oscillations. 

It seems highly probable that, once periodic side- 
cutting is well established on the rails, it will tend to 
control the phase of oscillation of all bogie wheds 
passing over it, so that the ill-effects both on rails and 
on vehicles will be cumulative. In the case of new 
rails which subsequently become periodically side-cut, 
however, some agency is evidently needed to start all 
the bogies of every train oscillating transversely in one 

rticular phase. Such an agent is therefore most 
ikely to exist in the track, but it must persist through 
out a.time long enough for the periodic side-cutting 
iteelf to become sufficiently marked and definite to 
assume control of the phase of transverse wheel osc 
tion... Several features of the track (for instance, the 
running-off end of a curve, the regular spacing of 
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lower than the left-hand 
side, the flange of the 
right-hand wheel ap- 
pears higher up in the 
picture than the left- 
hand flange does; and 
vice versa. 








Fic. 5. Cnovematocrara Picture, sHowine Parts oF Two WHEELS AT 
Rat Jorst. 


joints, or a local misalignment, defect of level, or 
weakness of one or both rails) suggest themselves as 
possibilities for investigation. Experience of perma- 
nent-way engineers indicates that the position of the 
brightly polished places of maximum side-cut wear can 
be changed by rectification of a low rail joint or local 
re-alignment of the track; but that, in practice, 
periodic side-cutting tends to recur on new rails laid 
to replace side-cut rails. It should be remarked that 
the positions of maximum side wear do not bear any 


consistent relation to those of rail joints, nor can they | prog 


be associated with any significant wear of the top of 
the rail. 

To investigate the factors which initiate and aggra- 
vate periodic side-cutting of rails, and to test the 
efficacy of preventive measures, experiments are in 
progress at present which include cinematograph 
studies of the oscillation of the wheels, bogies and 
bodies of multiple-unit electric vehicles. Attention is 
being concentrated on test lengths of straight level 
track that have suffered severe periodic side-cutting, 
on the electrified lines between London (Euston) and 
Watford. The rails are of bull-head section, originally 
weighing 95 Ib. per yard, and are laid in cast-iron 
chairs on wood sleepers, of which there are 24 to each 
60-ft. rail, One test length is } mile long and includes 
about 50 patches of side-cutting; another is 1 mile 
long and includes 130 patches. The average amount 
of metal worn away at the maxima of side-cutting is 
about 1 lb. per yard. The distance between successive 
maxima varies somewhat irregularly along the track, 
but both rails show the same vevelsngth at the same 
place. All the wavelengths lie between 40 ft. and 
80 ft.; half of them lie between 50 ft. and 60 ft.; and 
the average of all is just about 60 ft. In this con- 
nection, it should be mentioned that the test tracks 
are used, to about equal extents, by London Midland 
Region stock, having wheels about 43} in. in diameter, 
and London Transport “‘ Tube” stock, having wheels 
about 31 in. in diameter, the original tread coning 
being 1/20 in all cases. All coaches are carried on 
four-wheeled bogies. 

So far, photographic recording has been restricted to 
the trailing wheels of the leading bogie of a driving 
motor coach, which is the leading vehicle of a three-car 
test train. Since side-cutting may produce local 
increases in the nominal gauge (4 ft. 8} in.) between 
the rails, thereby influencing the phenomena under 
investigation, it has been considered desirable to study 
the simultaneous movements of both wheels on the 
axle, each relative to the rail on which it runs. A 
more elaborate inclined-mirror periscope, shown in 
Fig. 4, opposite, has been devised, therefore, such 
that the lower parts of both wheels, and the inner 
edges of both rails, appear side by side in the camera 
field. They are not, of course, at the true scalar 
distance apart, but that is immaterial. The camera 
18 mounted centrally on the underside of the coach 
body, so that, when the latter is horizontal, a line 
joining the images of the tips of the wheel flanges in 
the cirematograph picture is also horizontal, that is, 
ecm to the lower edge of the frame of the picture. 

nsequently, when the coach body, travelling at speed, 
rolls on its bolster springs, the flange tips in successive 
Pictures also appear to roll, but in the opposite sense ; 


thus, when the right-hand side of the coach body is 





A small white pointer 
fixed centrally to the 
rear end of the bogie 
frame also appears in the 
camera field, though out of focus (as is evident from 
Fig. 5, whichis reproduced from an enlargement of a film 
frame) and its transverse movements permit the course 
of the bogie as a whole to be followed in successive 
pictures. If the image of the pointer moves to the 
right, the bogie steers to the left; and vice versa. 
To relate the film records to the features of the ex- 

timental track, the rail joints are marked with 
abels bearing large letters, and both chairs of every 
third sleeper are painted white, when filming is in 
ress. Considerably greater detail, including clear 
pictures of the passage of the wheels over individual 
sleepers and rail joints, any of which may prove 
to be a factor determining the phase of wheel oscilla- 
tion, is regarded as necessary in these experiments ; 
and the higher-speed camera is therefore used, although 
the taking speed is no more than fast enough to obtain 
successful photographs. The distance travelled by the 
train between successive frames, at a taking speed of 
300 frames per second, ranges from 1-2 in. at 20 m.p.h. 
(3 cm. at 32 km. per hour) to 3-5 in. at 60 m.p.h. 
(9 cm. at 100 km. per hour), approximately. The 
duration of exposure, with the camera shutter open, 
is one-fifth of the time interval of successive frames ; 
so that, by adjustment of the taking speed from 
about 200 up to 500 frames per second, to suit the 
train speed, satisfactorily sharp pictures are obtained, 
covering about the same distance (500 ft.) of train 
travel for each spool of film. One spool of film, 100 ft. 
long, is all that can be exposed with one charge of the 
camera. Even at taking speeds as low as 200 to 500 
frames per second, the film is accelerating throughout 
the early part of its exposure, and the fork-controlled 
timing device incorporated in the camera is therefore 
essential. It provides timing marks at 1/1,000-second 
intervals on one side of the film, which are adequate for 
the taking speeds used. The camera, electrically- 
driven, is supplied with power by a battery of 36 car- 
riage-lighting célls and absorbs 8 amperes at 300 frames 
per second. 

At this camera speed the exposure time per frame is 
only 1/1,500 second. Moreover, the w and rails 
being photographed are dark with rust and dirt (except 
in local regions worn bright) and heavily shadowed, 
while the light path, including the periscope, is 14 ft. 
long and there are reflection losses at each mirror. 
Adequate illumination of the subject, therefore, has 
been a major problem, and only after a good many 
abortive trials with various forms and arrangements of 
electric lamps has a successful solution been achieved 
by the use of high-intensity flares of the type used for 
military pu . With the helpful collaboration of 
Mr. J. 8S. Dick, M.B.E., Chief Superintendent of the 
Armament Research Department, and after some pre- 
liminary experimenting under various weather condi- 
tions, a suitable flare has been specified, and is made to 
order as required by the Schermuly Pistol Rocket 
Apparatus Company, of Newdigate, Surrey. The flare 
weighs 3} Ib. and consists of a millboard cylinder, 5 in. 
long by 4 in. in diameter, coated internally with kaolin 
varnish, and charged (in addition to a little gunpowder) 
with two mixtures, namely, 


Magnesium powder 55 per cent. 
Sodium nitrate... . 41 ee 1,500 gm. 
Lithographic varnish —— - 


FE 60 Feet oes 








and 
Potassium nitrate --. 40 percent. 
Silicon re “on eo 5 gm. 
Sulphurless gunpowder meal 20 o 


The flare is electrically fired, has an intensity of 
2,000,000 candle-power, and burns for 20 to 30 seconds, 
which is longer than the time required to expose 100 ft. 
of film at the lowest taking speed employed (200 frames 
per second). Two flares are used at each test, suitably 
mounted on the underframe of the test coach to the rear of 
the camera so that the copious smoke produced shall not 
obscure the camera view. The disposition for optimum 
illumination of the rail-wheel has been found by trial 
to be with the camera 8 ft., and the flares 15 ft., to 
rear of the wheels. The test coach is equipped with 
fire extinguishers in readiness for any mishap to the 
flares, but no incident has occurred so far, except that 
sparks from the flares have once or twice set fire to dry 
grass alongside the track, which has been easily 
extinguished without damage. 

Analysis of these films needs to be more precise, and 
involves a greater number of details, than can conveni- 
ently be dealt with by the synchronised apparatus 
previously described ; instead, the films are projected, 
picture by picture, on to a screen on which a network 
of dimensioned small squares has been drawn. By this 
means all the relevant observations can be readily 
tabulated, after which they are plotted graphically for 
examination and comparison. Associated with the 
cinematograph experiments, careful surveys are being 
made of the test lengths of side-cut track to ascertain 
the situations of the worn patches, the profiles of the 
worn rails, the alignment and level of the rails under 
load, the condition of rail joints, sleeper packing and 
ballast, and, generally, all factors which may possibly 
exert an influence on the phenomena. In addition, 
mathematical studies of wheel motion, gyroscopic 
effects, etc., are made as necessary. The natural period 
of rolling oscillation of the coach body on its bolster 
springs, and of transverse oscillation of the bogie bolster 
on its swing-link suspension, have been determined 
experimentally. 

As mentioned above, this investigation is as yet only 
in the early stages, and results have been obtained only 
for the trailing wheels of the leading (motor) bogie, 
having (a) wheel treads originally coned at 1/20 and 
worn to a moderate extent; and (b) wheels newly 
turned to 1/75 coning. Trials with new 1/20 coning 
have been made, but are not yet analysed. Tests have 
been carried out at train speeds ranging from 24 m.p.h. 
(38-5 km. per hour) to 51 m.p.h. (82 km. per hour), 
mainly over straight, periodically side-cut track. 

The results obtained (a) with worn 1/20-coned wheels 
may be summarised in the statement that the lateral 
position of the wheels on the rails, and the course of 
the bogie, at any place along the track are the same, 
irrespective of train speed, for successive runs of the 
train. For train speeds not exceeding 29} m.p.h. 
(48 km. per hour), the angle of roll of the coach body 
is @ maximum when the flange of the wheel under 
the lower side of the body is the closer to the side of 
the rail; whereas at train speeds over 42 m.p.h. 
(67 km. per hour), the wheel under the low side of the 
body is the farther from the rail. Thus the body 
executes a rolling oscillation which alters its phase 
according to the time frequency of the bogie oscilla- 
tions, and passes through a resonant frequency as the 
train speed increases from 29} to 42 m.p.h.—in which 
connection, it is noteworthy that, at 34 m.p.h., the 
typical side-cutting wavelength of 60 ft. is traversed 
in oe second, which is the natural period of roll of the 
coach. 

For the test lengths of track, however, the film records 
demonstrate that the lateral positions of the wheels on 
the rails (that is, the agents directly responsible for 
side-cutting) are unaffected by the rolling motion ; the 
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lateral motion of the wheels and bogies promotes and 
maintains the roll, but the roll does not affect the 
lateral movement and side-cutting to any observable 
extent. The agents indirectly responsible for side- 
cutting are to be sought, therefore, among factors that 
are periodic in distance, such as bogie oscillations due 
to wheel-tread coning, rail joints, or possibly the spacing 
of bogies and coach couplings along the train. 

Comparison of the film records with the measured 
situation of periodic side-cutting on the rails shows 
that the maximum course angle of the bogie, that is, 
the deviation from the direction of the rails, occurs 
about 10 ft. before, and is directed towards, the position 
of maximum side-cutting. At the maximum itself, 
the flange of one leading wheel of the bogie is hard 
against the rail, whereas the closest approach of the 
trailing-wheel flange to the rail occurs about 10 ft. 
after the position of maximum side-cutting. 

The conclusions drawn from the foregoing experi- 
ments (a) are that periodic side-cutting caused by wheels 
with treads originally coned at 1/20 is enough, once it is 
established, to control the phase of transverse wheel 
oscillation ; and that the phase, along any particular 
length of track, is originally determined by some 
factor in space, which is being sought by exploring the 
strength and deflection of the track. It is appreciated 
that wheels newly coned at 1/20 give somewhat better 
riding and less side-cutting tendency than the present 
worn treaas do, but, since side-cutting has persisted 
for years despite the fact that wheels are periodically 
re-profiled, it is evident that 1/20 coning has an unduly 

¢ influence on transverse wheel oscillation. 

For tests (5), all the wheels on the motor coach have 
been newly turned to 1/75 tread-coning, and the limited 
number of film records so far analysed show striking 
differences in behaviour from wheels having worn 
1/20 coning. The wheels and bogie are markedly 
less subject to transverse oscillation, and—what is 
especially favourable to the cure of periodic side- 
cutting—are not controlled as regards phase or wave- 
length by the existing side-cutting on the test lengths 
of track. The theoretical wavelength of transverse 
oscillation of a “free” axle-pair is about 116 ft. for 
1/75 coning, as compared with about 60 ft. for 1/20 
coning, the ratio between them (+/ 3-75 = 1-93) 
being so nearly 2 that it was feared that existing side- 
cutting, rail joints at 60 ft. intervals, and coaches about 
60 ft. long might still be effectivein determining a parti- 
cular wavelength and phase of transverse wheel motion. 
Actually, however, the film records (of which Fig. 6, page 
479, exemplifies typical simultaneous results for both 
wheels) show that the transverse motion is irregular, of 
much smaller amplitude than for 1 /20 coning, and shows 
no predominant wavelength on track that is not already 
badly side-cut. Synchronism between body roll and 
lateral wheel oscillation is thus unlikely, and the trials 
have shown that the riding on existing badly side-cut 
trackis conspicuously improved Since the 1/75 coning 
has so far been tested on only one car of a train, the 
other coaches of which have the original wheels with 
worn 1/20 coned treads, it can be inferred that the riding 
of adjoining coaches has only negligible effect on the 
wheel oscillation and riding of a particular vehicle. 
It may be therefore, that severe side-cutting will be 
avoidable by coning at 1/75 a proportion of the wheels 
using the track, since to cone all the treads alike might 
re-introduce periodic side-cutting with a greater wave- 
length than at present. Any such conclusion must 
be tentative, however, until it is experimentally ascer- 
tained whether 1/75 wheels behave satisfactorily in 
respect of other aspects than periodic side-cutting, 
and also how they behave during various stages of 


— (To be continued.) 





THE ENGINEERS’ GuUILD.—The inaugural meeting of 
the Metropolitan Branch of the Engineers’ Guild was held 
on Wednesday, October 20, at Caxton Hall, Westminster, 
S.W.1, under the chairmanship of Mr. J. Rawlinson, 
M.Eng., M.I.C.E. Mr. J. H. W. Turner, cutlining the 
scheme of Branch organisation adopted by the General 
Council of the Guild, explained that it eavisaged the 
formation of 13 Branches, of which the Metropolitan 
Branch was the first; ten in England and Wales, 
one each in Scotland and Northern Ireland, and one 
for overseas members. All would have equal status 
and, when the organisation was complete and in working 
order, the majority of the General Council would consist 
of Branch representatives. Each branch would prepare 
its own rules, subject to the approval of the General 
Council, and no separate subscription would be levied 
for branch membership, which each member would 
receive automatically, according to his place of resi- 
dence. After some discussion on various details of 
the schemes the meeting proceeded to elect a committee 
for the Metropolitan Branch, which covers London, 
Oxfordshire, Buckinghamshire, Bedfordshire, Hertford- 
shire, Essex, Berkshire, Middlesex, Surrey, Sussex and 
Kent. At present, all inquiries are being dealt with at 


the offices of the secretary, Mr. W. A. M. Allan, M.I,C,E,, 
28, Victoria-street, Westminster, S.W.1. 
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AERONAUTICS. 
600,608. Internal-Combustion Turbine. Power Jets 
(Research and Development), Limited, of London, 


H. Constant, of South Farnborough, Hampshire, and 
W. R. Hawthorne, of Cambridge, Massachusetts, U.S.A. 
(2 Figs.) April 18, 1944.—This invention relates to jet 
propulsion power plant for aircraft, of the continuous- 
combustion gas-turbine type. Its object is to augment 
the propulsive thrust due to the turbine exhaust by 
providing a secondary air-flow path, through which air 
is forced by a ducted fan to a propulsion nozzle. 
Referring to the drawing, a double compound engine is 
enclosed in a nacelle 10, which, in conjunction with a nose 
fairing 11, affords a forwardly-facing air intake 12. The 
engine consists of two mechanically independent rotors 
capable of running at different speeds, each of which 
rotors is of composite form and consists of an axial- 
flow compressor rotor coupled to an axial-flow turbine 
rotor which drives it. The composite low-pressure rotor 
consists of an axial shaft 13 having a bladed com-: 
pressor rotor drum 14 fixed upon it towards its forward 
end by end discs 15, and upon its rear end the bladed 
rotor disc 16 of a low-pressure turbine. The shaft 13 
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is mounted for rotation in bearings 17, 18, 19, which 
are carried in housings at the centres of diaphragms 20, 
21 and 22, respectively. The composite high-pressure 
rotor comprises a bladed axial-flow compressor rotor 23 
and a bladed axial-flow turbine rotor 24 connected to- 
gether by a conical extension member or hollow shaft 25, 
the high-pressure rotor being mounted for free rotation 
about the shaft 13 through the medium of bearings 26 
and being located between the compressor and turbine 
portions of the low-pressure rotor. The forward end of 
the shaft 13 drives, through reduction gearing, the ducted 
fan rotor 40. Air entering the intake 12 and compressed 
by the ducted fan 40 is divided by the leading edge of 
the internal fairing 44 into inner and outer streams of 
annular section, the inner stream passing through the 
low-pressure compressor by way of the inlet 57, and the 
outer stream passing through the annular duct afforded 
between the fairing 44 and nacelle 10 directly to the rear 
end of the fairing, where it merges with the reheated 
turbine exhaust gases and issues as a propulsion jet from 
the orifice 56. (Sealed.) 


GUNS AND EXPLOSIVES. 


602,289. Delayed-Action Bomb Fuse. G. Taylor, of 
South Farnborough, Hampshire. (6 Figs.) November 2, 
1945.—This invention is a friction retarding means for 
controlling the rate of descent of the detonating pin of a 
bomb, thus constituting a delayed-action fuse. In the 
drawing, 1 is the casing of a bomb fuse, at the lower end 
of which is housed a detonating charge 2 retained in 
position by means of a plug 3. The upper end of the 
casing 1 is made of increased diameter at 4, and within 
this bore is located a yoke 5 secured to a nut 6, which 
screws on to the upper end 7a of a detonating pin 7. 
The nut 6 rests on ball-bearings 8 located in an annular 
groove 9 formed in the upper end of a hollow cylindrical 
part 10, surrounding, and acting as a guide for, the 
detonating pin 7 and screwed into the bore of the casing 1. 
The nut 6 thus retains the pin 7 in the “ pre-set ” or 
inoperative position shown. Surrounding the lower 
portion of the pin 7, is a compression spring 11, the 
lower end of which is secured to a disc 12 carried by the 





pin 7 adjacent to its lower end. The upper end coil of 


the spring 11 surrounds a hollow cup-like part 13 ana 
abuts against an internal flange 15 formed on the casing | 
the end of the spring being bent to recess in the flange 5 
to prevent the spring from rotating. The part 13 has q 
peripheral flange 14 which rests on the internal flange 15 
of the casing 1. Within the part 13 is located a friction. 
retarding device, indicated generally by 16, for controlling 
the rate of expansion of the spring 11 and consequently 
the rate of downward movement of the detonating pin 7, 
This device consists of a pair of spaced friction rings 1", 
of suitable material, surrounding the detonating pin 7, 
and between which is a nut 18 engaging a helical thread 19 
formed on the pin 7 and extending over half its length, 





Above the upper ring 17, and between it and an interna] 
flange 20 in the part 10, is a compression spring 21 acting 
on the flanged sleeve 21a to compress the rings 17 and 
the nut 18 into frictional engagement with one another, 
The yoke 5 is connected to vanes (not shown) projecting 
upward from the bomb casing 1 so that on the release 
of the bomb from the aircraft, the nut 6 will be rotated 
and unscrewed from the end 7a of the pin 7, thereby 
freeing the latter for downward axial movement under 
the action of the spring 11. Means provided in the 
lower part of the casing 1 prevent the bomb from detonat- 


ing in mid-air. (Sealed.) 
MISCELLANEOUS. 
600,060. Drying Fibre Boards. W. W. Spooner, of 
Iikley, Yorks. (2 Figs.) September 7, 1945.—The 


invention is an improved apparatus for the drying of 
fibre boards, and its object is to reduce the time neces- 
sary for the drying of thick boards. The apparatus 
is shown in Figs. 1 and 2, Fig. 2 being a continuation 
of Fig. 1. The fibre boards to be dried are passed 
to a conveyor belt 1, the boards being laid flat upon 
the belt, which carries them in a horizontal plane 
through a drying chamber 2. The boards on the 
belt 1 in their passage through the drying chamber 2 
pass between rows of nozzles forming outlets from air 
pressure chambers 3, 4, these nozzles converting the 
pressure energy within the chambers 3, 4, to kinetic 
energy, and being arranged so that the emergent streams, 
after striking the boards, pass away through exhaust 
passages between the groups of nozzles and then back 
to heaters, 5, 6, in which are placed ventilating fans 


Fig.1. 
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driven by motors 7, 8, respectively, these heaters being 
provided with gas-heated or steam-heated tubes 9. This 
air is circulated in a closed cycle by means of the fans 
driven by the motors 7, 8. A number of dryers similar 
to the dryer 2 may be arranged in series as shown, and 
finally, in leaving the last drying unit 10, the boards 
are fed by the belt 1 to a drying chamber 13, which has 
vanes or plates 11 on a belt conveyor 12. The boards, 
while being conveyed horizontally in a vertical or 
substantially vertical position, are here also subjected 
to the action of drying air or gas streams at high 
velocity, being finally discharged as shown at 14. The 
drying streams pass vertically across the face of the 
boards in the dryer 13 and dry the boards at a much 
slower rate than the drying in the chambers 2 to 10. The 
boards being dried at a rapid rate in the first section 2 
are given strength so that they are able to stand oD 
edge without deformation in the final dryer 13, wheré 
the centre of the boards is effectively dried out. (Sealed.) 
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RADIANT AND CONVECTIVE 
HEATING. 


By Tuomas Beprorp, D.Sc., Ph.D.* 


(Concluded from page 450.) 


We have seen that sensations are evoked by quite 
small thermal stimuli and small changes in the 
temperature of the skin. The minimum stimulus 
for a sensation of warmth is given as a change of 
000015 cal. per square centimetre, or 0-00055 
B.Th.U: per square foot per second, in the radiation 
intensity over a period of three seconds. Such a 
change would be caused if the temperature of the 
walls of a room were suddenly raised by 2 deg. F., 
the temperature, velocity, and humidity of the air 
remaining unc C in these atmo- 
spheric conditions which would bring about corre- 
sponding shifts in the convection exchange or in 
the evaporative cooling would also cause sensations. 

Vernon, Warner and the writer made observations 
of the variability of air temperature. In 73 per 
cent. of the observations, the mean variation of 





higher i a—- in the region of 70 per 
cent., was desirab: 

The writer, and ¢ G. Warner found a significant 
correlation between freshness and humidity when 
temperature and air velocity were kept constant. 
From the regression constants it appeared that, 
under the conditions covered by the observations, 
a rise of 84 per cent. in the relative humidity could 
be compensated for by a fall of 1 deg. F. in the air 
temperature. This effect of humidity was roughly 
three times as great as would have been expected 
from the results of studies of the influence of 
environmental warmth on general thermal sensa- 
tions. 

In each of the lists of requirements for comfort 
which have been set out earlier, warm walls are 
accepted as preferable to cold ones. It has long been 
held that cold walls are undesirable. Reference 
has already been made to the recommendations 
made in 1857 by the Commissioners appointed by 
the General Board of Health. Galton, in 1880,* 
remarked that heating by warm air could only be 
thoroughly comfortable when its use was combined 
with some plan of warming floors, walls, and ceilings 
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temperature was less than 0-4 deg. F. and in only 
4 per cent. was it 1 deg. F. or more. In the light 
of the findings of Hardy and Oppel, these slight 
variations would not be expected to influence 
sensations and, in fact, when air velocity and mean 
air temperature were held constant, the partial 
correlation between temperature variations and 
freshness impressions was insignificant, 

At the room temperature commonly encountered 
in Great Britain during the winter months, the 
effect of humidity on feelings of warmth is small ; 
but there is evidence that changes in humidity 
which are insufficient appreciably to affect sensa- 
tions of warmth may yet have a distinct effect on 
comfort. At a temperature of 70 deg. F., an uncom- 
fortable feeling of wetness is experienced at relative 
humidities of 70 per cent. or over.t Out of doors, 
when allowance is made for the effects of sunshine, 
barometric change, and the ion-content of the 
atmosphere, days of low humidity are significantly 
pleasanter than humid days.t Markham, in 1937,§ 
expressed the opinion that mental alertness was 
associated with the lower humidity ranges, and 
lethargy with the higher. He suggested that, for 
mental activity, a relative humidity of under 55 per 
cent, was ideal, while, for rest and recuperation, a 





* Of the Medical Research Council. 

t “The Effect of Variations in Relative Humidity 
upon Skin Temperature and Sense of Comfort,” by 
U. Miura, Amer. Jl. Hygiene, vol. 13, page 432 (1931). 

t “ Subjective Reactions of Human Beings to Certain 
Outdoor Atmospheric Conditions,” by C. E. A. Winslow 
and L. P, Herrington, Heat., Piping and Air Cond., 
vol. 7, page 551 (1935). 

§ “ Discussion on the Effects of Water Vapour Content 


in the Atmosphere of Interest to. Heating and Ventilating | Press 


Engineers,” by S. F.' Markham, JI. Heat. and Vent. 
Enors., London, vol. 16, page 570 (1937), 

















so that their temperature might not be dependent 
on that of the air after it had entered the room. 

In the article published in the Journal of Hygiene 
in 1939, and previously cited, the writer and C. G. 
Warmer mentioned that, in the course of field 
investigations, they had experienced on a number 
of occasions feelings of stuffiness at comfortable 
equivalent temperatures when they had been 
unable to find any satisfactory explanation other 
than the fact that the mean radiant temperature 
was 6 deg. F. or more below the air temperature. 

Dr. Margaret Fishenden and R. E. Wi t had 
reported earlier that, in a room warmed by a gas fire 
or an electric heater, an air temperature of 55 deg. F., 
supplemented by radiation with a mean horizontal 
component of 75 B.Th.U. per square foot per hour, 
gave the same general of warmth as an air 
tem, of 65 deg. F. without radiation ; but 
they preferred the combination of an air tempera- 
ture of 55 deg. F. with the radiant heat from the 
fire. Even when the room was slightly chilly 
without radiation—at an air temperature of 62 deg. 
F.—the room began to feel rather stuffy. The rea- 
sons for this preference for warm walls and for the 
beneficient effects of radiant heat do not appear to 
have been properly explained, although Sir Leonard 

on various occasions, has referred to the 
stimulating influence of mer ag 

In the experiments of Fishenden and Willgress, 
the radiation was unidirectional, and it is of interest 
to consider whether the radiation flux necessary for 
comfort at a given air temperature with such 
localised radiation was similar to that which would 


* Healthy Dwellings by D. Galton, Oxford : Clarendon 





t “The Heating of Rooms,” Fuel Res, Bd, Tech. 





Paper, No, 12 (1925). 


have been needed if the radiation had been emitted 
from more extended surfaces at lower temperatures. 
With a given air temperature and speed of air 
movement, is the same mean radiant temperature 
desirable, irrespective of whether the radiant energy 
is emitted mainly by one localised source, or whether 
it is more evenly distributed ? 

A few years ago, the writer made some calculations 
which bear on this point.* Fishenden and Willgress 
give the mean horizontal component of the extra 
radiation from their localised source which was 
necessary for comfort at various air temperatures 
when the air speed was 15 to 30 ft. per minute. 
The two subjects were comfortably warm with an 
air temperature of 65 deg. F., without extra radia- 
tion. At 60 deg. F., they needed extra radiation 
with a mean horizontal component of about ~ 
30 B.Th.U. per square foot per hour to maintain 
comfort, and, at 55 deg. F., 75 B.Th.U. Now, 
if we assume the human body to be approximately 
cylindrical, about -, or roughly one-third, of its 
surface would receive the unidirectional radiation 
from the localised source ; hence the effect of this 
extra radiation would be equivalent to an increase 
in the mean radiation from the surroundings of 
about one-third of the value of the mean horizontal 
component. Thus, to produce comfortable warmth 
with air at 55 deg. F., it was to raise the 
mean radiation frem the surroundings by 25 B.Th.U. 
per square foot per hour above that emitted by walls 
at about 55 deg. F. At ordinary room temperature, 
an increase of 1 B.Th.U. per square foot per hour 
in the radiation corresponds almost exactly to an 
increase of 1 deg. F. in the mean temperature of the 
surroundings ; so that, as an approximation, it can 
be said that each B.Th.U. increase in the mean 
horizontal component of the extra radiation is 
equivalent to an increase of one-third of a degree in 
the mean radiant ture. 

According to the writer’s observations, the 
equivalent temperature of an environment can be 
estimated from the equation :— 

Equivalent temperature = 0-522 t, + 0-478 t,, 

— 0-01474*/V (100 — t,), wheré ¢, is the air tem- 
perature, in deg. F.; ¢,, is the mean radiant tem- 
perature, in deg. F.; and V is air velocity, in ft. 
per minute. It is of interest to compute from 
this equation the uniform temperatures of air and 
surroundings represented by the conditions found 
by Fishenden and Willgress to be comfortable. 
The results of such calculations, 
velocity as 25 ft. per minute, are shown in Table I, 
herewith. 

TABLE I.—“ Comfortable” Warmth, and Calculated 
Equivalent Uniform Enclosure Temperatures (Fishenden 
and Wiligress). 








Mean Calculated 
Horizontal |  gstimated 
Air Spee Mon is Uniform 
deg. F. ( BIN. por Temperature, of "Air and 
3 deg. F. Surroundings, 
. Ft. © 
wt as deg. F. 
65 0 65-0 65-0 
60 30 70-0 64-4 
55 75 80-0 66-1 
50 120 90-0 67-8 
45 170 101-7 70-2 














Except when the mean horizontal component of 
the extra radiation exceeded 75 B.Th.U. per square 
foot per hour, or when the excess of the mean radiant 
temperature over the air temperature was more 
than 25 deg. F., the calculated values in the last 
column of the table agree very closely with the 
temperature of 65 deg. F. which was comfortable 
without extra radiation. With the more intense 
radiation, the calculated equivalent uniform enclo- 
sure temperatures become progressively higher. 
This also applies when similar calculations are made 
in connection with the environments which Fishen- 
den and Willgress found to be slightly chilly or 
slightly too warm. 

This apparent discrepancy at the higher radiation 
values cannot be explained with any certainty at 

* “The Warmth Factor in Comfort at Work,” by 


T. Bedford, Rept, of Indus. Health Res. Bd., London, 
No. 76 (1936), 
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present. It should be remarked; however, that, in 
the observations on which the equation for the 
estimation of equivalent temperature is based, a 
mean radiant temperature as high as 90 deg. F. 
was never elicountered, and there is no certainty 
that the equation holds for very large differences 
between air temperature and mean radiant tempera- 
ture. On the other hand, in a cold atmosphere 
and with intense radiation on one side of the body, 
one feels cold on one side and scorched on the 
other, and in such conditions it is‘ very difficult 
to make an assessment of one’s general state of 
warmth. 

Winslow, H and Gagge, in 1938,* 
reported that, when their subjects were exposed to 
environments with air and walls at approximately 
the same temperature, and with cooler air and 
warmer walls, different sensations were experienced 
when the same operative temperature was main- 
tained in both environments. Discomfort in hot 
environments was less, and in cool ones greater, 
when the walls were warmer than the air; that is 
to say, with the same operative temperatures the 
subjects felt cooler when the walls were warmer than 
the air, than when air and walls were at the same 
temperature. These subjective effects ran parallel 
with the observed skin temperatures. The mean 
skin temperatures were lower with cool air and warm 
walls than when air and walls were at the same 
temperature. It was thought probable that local 
or temporary stimulation by the cold air might have 
produced the observed effects. 

“* Operative temperature ” is a concept introduced 
by Gagget and his colleagues. It is a function of 
the air temperature and the mean radiant tempera- 
ture, in which these two variables are weighted in 
proportion to the radiation and convection constants 
of the individual subjects. On the whole, operative 
temperature is very similar to globe thermometer 
temperature, but, whereas the temperature of the 
globe thermometer is a simple instrumental reading, 
operative temperature is a function of environmental 
factors and of the body-build of the individual 
person concerned. 
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We have noted the general recognition that an |; 


environment in which the mean radiant temperature 
is above air temperature tends to be pleasanter 
than one in which the air and walls are at the same 
temperature, or where the walls are cooler than the 
air. Winslow and. his colleagues, however, imply 
pra! with the combination of warm walls and cool 


people feel.cooler, and are cooler, than when the- 


pr and walls are at the same temperature, even 


* “The Relative Influence of Radiation and Con- 
vection from the Temperature Regulation of the Clothed 
Body,” by C. E. A. Winslow. L. P. Herrington and 
A. P. Gagge, Amer. Jl. Physiol., vol. 124, page 51 (1938). 

t Thermal Interchanges between the Human Body 
and its Atmospheric Environment. A. P. Gagge,L. P. 





Herrington and. ©. E. A. Winslow. Amer. Jl. Hygiene, 
vol. 26, page 84, (1937). 
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when the operative temperatures are identical— 
that is, in the words of Winslow and his colleagues, 
when there is identical thermal demand. 

At first sight, this finding seems to be in accord 
with the results of the calculations from the data 
of Fishenden and Willgress, where, with the more 
intense radiation, the computed equivalent uniform- 
enclosure temperatures were higher than when 
there was little or no extra radiation. It should 
be noted, however, that, whereas the high mean 
radiant tures in the experiments of Fishen- 
den and Willgress were obtained by the provision of 
unidirectional radiation, in Winslow’s experiments 
the radiation was uniformly reflected from the 
burnished copper walls of the experimental booth. 
Hence, in the latter experiments, there was presum- 
ably no great difficulty in assessing subjective sensa- 
tions. Further, Winslow’s operative temperatures 
were calculated from the radiation and convection 
constants of the individual subjects and, therefore, 
presumably entailed no extrapolation such as was 
necessary in the calculations from the data of 
Fishenden and Willgress. 

All this may appear to support the inference that 
the warm wall and cool air condition makes one feel 
cooler than in a uniform enclosure at a comparable 
thermal level, but other considerations lead to a 
different conclusion. It has been generally recog- 
nised that there is a close relationship between the 
warmth of the environment and the temperature 
of the skin, especially if the mean skin temperature 
is considered ; and it is reasonable to expect that, 
unless there is considerable local heating or local 
chilling, equally warm environments will produce 
equal mean skin temperatures. Henice it is difficult 
to understand why, if operative temperature is an 
accurate measure of warmth, the same subject ean 
have mean skin temperatures differing by 3 deg. or 
4 deg. F. at the same operative temperature. 
Scrutiny of the tabulated data given by Winslow 


same whether the air 
and walls are at the same temperature or there is 
much radiant heat, but the association between 
mean skin temperature and comfort is not very close. 


It seems likely that the explanation of Winslow’s’ 


findings is that operative temperature is not neces- 
sarily an accurate itidex of the influence of the 
environment on thermal comfort. This suggestion 
is supported by the results of a of opera- 
tive tem: with the scale of equivalent 
warmth,* published by the present writer in 1936, 





* The scale of equivalent warmth takes into account 
the four thermal variables—radiation, and the tempera- 
ture, humidity and rate of movement of the air. It is 
based on the subject impressions of a large number of 
persons engaged on very light industrial tasks. 
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which was based on subjective impressions of 
warmth. Winslow’s observations were made with 
an air velocity averaging 17 ft. per minute, and with 
about 50 per cent. relative humidity. Thus, with 
the same operative temperature, the absolute 
humidity of the air was lower when the walls were 
warm and the air cool than when air and walls 
were at the same temperature. Calculations show 
that, for a given operative temperature, the 
equivalent warmth decreased as the difference 
between the air and wall temperatures increased. 

Figs. 1 and 2, page 481, show the mean skin tem- 
peratures of one of Winslow’s experimental subjects 
plotted in relation to operative temperature and to 
equivalent warmth. Even on the basis of equiva- 
lent warmth, there is a tendency for the skin 
temperatures with high radiation to be lower 
than when the air and walls are at the same tempera- 
ture, but the difference is only about one-half of 
that found when. the comparison is made on the 


basis of ee In the observations 
from which the equi it warmth scale was derived, 
large differences between air temperature and mean 
radiant were not encountered, and 
there is no certainty thatthe scale makes: a suffi- 
ciently accurate allowance for such large differences 
as occurred in Winslow’s experiments. In some 
of these experiments the. differences between the 
air temperature and mean radiant tem 

were as much as 50 deg. to 60 deg. F. It seems 
reasonable to conclude, therefore, that the differences 
in sensation and in skin temperature, ascribed by 
Winslow and his colleagues to the stimulating 
effects of cooling air, were really due to the inade- 
quacy of the scale of warmth used as the basis of 
comparison. 

Evidence concerning the effect of cold walls on the 
feeling of warmth was by Houghten and 
McDermott in 1933.* A small test-room, 5 ft. by 
6 ft. in plan and 6 ft. in height, was constructed so 
that three of the four walls could be maintained at 
any temperature down to 45 deg. F. The air speed 
in the test room was about 30 ft. per minute. Two 
subjects sat together alternately in the test room 
and. in the control: room, where the air and walls 
were" maintained at the same temperature, for 
periods of 10 minutes. The temperature of the 
test-room was adjusted until the subjects felt as 
warm in one room as in the other. Data taken 
from Houghten and McDermott’s curves are shown 
in. Table II, en the opposite page. 

It is difficult to compute equivalent temperatures 





*'“ Cold Walls and their Relation to the Feeling of 
Warmth,” by F. C. Houghtem and P. McDermott, 
Trans. Amer. Soc., Heating and Vent. Engrs., voli 39; 





page 83 (1933). 
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from these data, since the wall temperatures 
refer to only three of the four walls; and, further, 
the two subjects must have sat close together in the 
test-room, so that each must have been distinctly 
influenced by the radiation from the other. Yet 
rough calculations show that the data given in the 
table are in reasonably good agreement with the 
writer’s equation for the estimation of equivalent 
temperature. 

The cold walls accounted for*‘about three-fourths 
of the vertical surfaces of the chamber, while the 
fourth wall and the ceiling and floor would be at 
approximately the temperature of the air in the test- 
room. Taking into account the orientation of the 
subjects in relation to the surfaces of the chamber, 
and allowing for the radiation exchange between the 
subjects, it seems reasonable to assume that, in the 
position of either subject, the mean radiant tempera- 
ture would be about midway between the tem- 
perature of the air and that of the cold walls. This 
assumption is admittedly a speculative one, but if 
its validity be granted there is a remarkably close 


TaBLE II.—Air Temperatures Necessary to Compensate 
for Cold Walls (Houghten and McDermott, 1933). 











Tem- Lag yy (deg. F.) ~ in o-* ‘Wall 
perature = to G ve Warmth | to that of Control 
of Airand | Room, w Three Walls were at a T 
Walls in of; 
Control 
Room, 
deg. F. 50 deg. F. | 55 deg. F | 00 deg. | 05 deg. 
80 89-6 87-0 85-1 83-5 
70 75-9 74-0 72-5 71-2 
60 62-3 61-0 60-0 _ 

















agreement between the results of Houghten and 
McDermott and the equivalent temperature equa- 
tion. When, from the mean radiant temperatures 
estimated as has just been suggested, and from the 
air temperatures recorded in Table II, the equivalent 
uniform-enclosure temperatures are calculated, the 
maximum deviation from the values given in the 
first column of the table is only 1 deg. F., and the 
average deviation of the eleven calculated values 
is only 0-3 deg. F. 

Although the experiments of Winslow and his 
colleagues give no clear-cut evidence that the 
combination of warm walls and cool air provides a 
more stimulating environment than when the air 
and walls are at the same temperature, modern 
knowledge of the sensitivity of the skin receptors to 
small temperature changes, and of the factors which 
influence freshness impressions, lends support to 
this view. 

Even in an enclosure in which all the boundary 
surfaces are at a uniform temperature, if that 
temperature is substantially above air temperature, 
a given degree of air movement will be more stimu- 
lating than in an equally warm environment where 
the air is warmer. However, the boundary surfaces. 
are never likely to be at a uniform temperature. 
When surfaces are deliberately warmed, as with 
panel-heating, various elements of surface differ 
considerably in temperature, and any change in the 
position of the body of an occupant will alter the 
incidence of radiation on his skin and thus cause 
stimulation. These localised radiation effects may 
be greater with radiant heating than with convective 
heating, but the difference is likely to be small with 
extended surface ing. If the heating is by 
smaller panels at higher temperatures, thermal varia- 
bility will be greater. 

We have noted the old recommendation of the 
Commissioners of the General Board of Health 
that the temperature should be highest near the 
floor, while the ceiling should be at the lowest 
temperature in the room; and we have also noted 
the zequirement expressed by the writer and 
Warner that the air at head level should not be 
distinctly warmer than that near the floor, and that 
the rome 4 of the occupants should not be exposed 
to excessive radiant heat. Any method of warming 
or ventilating rooms which gives distinctly greater 
warmth about the head than near the floor is 
undesirable, for such a condition tends to produce 
® stuffy feeling in the head while the feet are cold. 
After studying various forms of heating used in 
actories, Vernon, Warner and the present writer 





quoted | remarked* that ‘‘too much stress cannot be laid 


on the principle of starting the source of heat as 
near the floor as possible.” 

At first sight, it might appear that heating by 
means of ceiling panels is wrong in principle, for it 
certainly does not allow the ceiling to be at the 
lowest temperature in the room, as advocated by 
the General Board of Health Commission, nor does 
it comply with the principle enunciated by Vernon, 
Warner, and the writer. It must be pointed out, 
however, that they were discussing convective 
heating, and not panel heating. With convective 
heating, the warm air rises to the upper parts of 
the room, and the temperature of the air at the 
upper levels is higher than at the lower ones. When 
ceiling panels are used, however, the source of heat 
is part of the upper boundary surface of the enclo- 


in one or other of these variables. In a uniform 
enclosure in which the air and walls are at a tempera- 
ture of 65 deg. F., and in which the air is completely 
still, the equivalent temperature is 65 deg. F. Below 
are shown, in Table III, the air speeds which will 
compensate for given changes in the temperature 
of the enclosure so that an equivalent temperature 
of 65 deg. F. is maintained. 

At an equivalent temperature of 65 deg. F. ‘when 
the enclosure temperature is below 67 deg. F., 
many people will be likely to complain of stuffiness 
owing to the low air movement. An enclosure 
temperature of about 68 deg. F. should provide a 
pleasant environment. Fuller information con- 

the relationship between equivalent tem- 
perature, speed of air movement, and the tempera- 
ture of a uniform enclosure, is given in Fig. 3, 


sure, and air which is warmed by contact with its | opposite 


warm surface can rise no farther. Thus convection 
is reduced, and, while there is a stratum of warm air 
near the ceiling, that warm layer does not extend 
for more than 2 or 3 in. below the ceiling, and below 
it there is remarkable uniformity in the air tem- 
perature at the different levels. The air temperature 
may vary no more than | deg. F. at different heights, 
except that a few inches below the ceiling, and 
perhaps also above the floor, there may be a rise 
of 2 deg. F. or so. 


In arranging heating by ceiling panels, of course, 


care should be taken to ensure that no excessive | : 


amount of radiation impinges on the head. Com- 
ints of discomfort have been made with low- 
temperature panels in ceilings 12 ft. high, but wide- 
spread complaints are not likely to arise unless the 
panels are unduly hot, or unless the ceilings are 
lower than 12 ft. Dr. H. M. Vernon concludedf 
that the radiation from low-temperature ceiling 
was unlikely to be perceived unless the panels 

were less than 10 ft. from the floor. Whether or not 
the radiation from low-temperature ceiling panels 
will be liable to cause discomfort must clearly 
depend on the surface temperature of those panels. 
Raber and Hutchinson} use the expression “ radiant 
panel heating ” as indicating a system which uses 
flat plates operating at surface temperatures below 
150 deg. F., which they describe as relatively low 
surface temperatures. There can be little dcubt 
that, for ceilings up to 12 ft. in height, at any rate, 
a surface temperature of the order of 150 deg. F. 
is much too high. It would be much to be-preferred 
that the temperature should not much exceed 
100 deg. F. with a ceiling height of 12 ft., and with 


‘lower ceilings even that temperature may be 


excessive. For instance, there appears to be a 
tendency in the United States to install ceiling 
panels in rooms which are only 8 ft. high, but, in 
such circumstances, panel surface temperatures a8 
high as 100 deg. F. are probably most undesirable. 

In rooms warmed by hot-water radiators, particu- 
larly when these are of the long low type, tempera- 
ture gradients are usually small; but, when tall 
steam-heated radiators are used in cold weather, 
very unpleasant gradients may be set up. A stove 
which projects from the chimney breast also produces 
considerable temperature gradients. When heating 
is by overhead pi form of heating still fre- 
quently found in factory buildings—temperature 
gradients are steep. It is of interest to note here 
that, in 1824, Tredgold{ mentioned that steam|** 
pipes could be arranged as desired so long as they 
were near the floor. With unit heaters of the type 
fixed overhead, which form of heating has been 
much used of late in factories, steep temperature 
gradients are liable to occur if the air is discharged 
at a high temperature 

The equation for the estimation of equivalent 
temperature, given earlier in this paper, indicates the 
weighting attached to air temperature, speed of 
air movement, and radiation, and it may be of 
‘interest to give examples of the effects of changes 


* “A Physiological Study of the Ventilation and 
Heating in Certain Factories,” by H. M. Vernon, T. 
Bedford and C. G. Warner, Rept. of Indus. Fatigue Res. 
Board, London, No. 35 (1926). 

t The Principles of Heating and Ventilation. Edward 
Arnold and Company, London (1934). 

¢ Principles ‘of Warming and Ventilating Public 
Buildings, Dwelling Hobuses, Manufactories, etc., by 








Thomas Tredgold. 2nd edition. 


The reduction in the equivalent temperature due to 
increase in air movement, with a uniform enclosure 
of 65 deg. F., is shown in Table IV. In a further 
column are given the mean radiant temperatures 


TaBLE III.—Conditions Yielding an Equivalent Tem- 
perature of 65 deg. F. 








Pompeu of Uniform Air Velocity, 
— deg. F. 
86 ‘ 
e H 
69 77 
70 128 








TABLE IV.—Reduction in Equivalent Temperature with 
Increase in Air Movement. 




















Tem- _ Equivalent Py (ae F.) 
of Uniform \ewog 3 perature same Equivalent 
Enclosure, | Ft. per deg. F. ? qT with 

deg. F. . Air 
of 60 deg. F. 

0 65-0 70:5 

9 63-5 71-0 

65 25 62-4 71-2 

50 61-4 71-7 

100 59-8 71-9 
which would be required to compensate for a 
reduction of the air temperature from 65 deg. F. to 
60 deg. F. For sedentary persons, such as office 
workers, an equivalent temperature of' 64 deg. F. 


will generally be suitable. Fig. 4, opposite, shows 
the combinations of mean radiant temperature, air 
temperature, and speed of air. movement, «which 
yield an equivalent temperature of 64 deg. F. 

In a pleasantly ventilated room, the air velocity 
is often about 25 ft. per minute. If, in such a room, 
the equivalent temperature is 65 deg. F. and the 
mean radiant temperature 70 deg. F., the air tem- 
perature will be 65-3deg. F. To maintain the same 
equivalent temperature, with the same air speed, 
if the mean radiant temperature is reduced to 
60 deg. F., the air temperature will need to be 
raised to 73-3 deg. F. Thus, in this instance, a 
reduction of 10 deg. F. in the mean radiant tempera- 
er ee eee ae F. in the 

temperature. Over the. range of 60 deg. to 
70 deg. F., a change of 1 deg. F. in the mean 
radiant represents a change in the 
radiant energy flux of 1 B.Th.U. per square foot per 
hour. Other information concerning the combina- 
tions of mean radiant temperature and air tempera- 
ture which give various equivalent tem 
when the air speed is 26 ft. per minute is given 

in Fig. 5, opposite. 

thie + ey the radiation from the surround- 
ings has been expressed in terms of the mean radiant 
temperature. The expression ‘‘ mean radiant tem- 
perature ” is used as a measure of the,mean radiation 
intensity at any point, and is the uniform tempera- 
ture of a black surface which would radiate with 
that intensity. It is unfortunate that the same 
term has been used to denote the mean temperature 
of the boundary surfaces of an enclosure. Thus, 
the American Society of Heating and Ventilating 
Engineers’ Guide for 1945 gives a simple example 
of the calculation of what -is said to be the mean 
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radiant temperature. In calculating this figure 
the area of each surface—wall, window or floor— 
is multiplied by the temperature of that surface, 
and the weighted mean surface temperature is 
obtained by dividing the sum of the products by 
the sum of the surface areas. For a given room at a 
particular time, there is one value for this weighted 
mean temperature, even when the temperatures of 
different portions of the boundary surfaces vary 
considerably. 

It would be better if this figure were designated 
“mean enclosure temperature” so as to avoid 
confusion. Unless the boundary surfaces have a 
uniform temperature, which rarely happens, the 
mean radiant temperature (as we use that expression) 
will vary at different points within the enclosure, 
according as the observation point is near to or 
remote from surfaces which are radiating with 
particularly high or low intensities. Thus, in an 
Office heated by wall panels, the mean radiant 
temperatures observed at four different points 
varied between 65 deg. F. and 72 deg. F. In the 
calculations of the mean enclosure temperature, 
the temperature of any element of the boundary 
surfaces carries weight in proportion to the area 
of that element, but the influence of such an 
element on the mean radiant temperature is propor- 
tional to the solid angle which it subtends at the 
observation point. 

The mean radiant temperature is influenced, of 
course, by all the surfaces which radiate towards 
the observation point. The surface temperatures 
of the contents of the room, including furniture, 
machines, and occupants, all contribute. The 
presence of a number of persons in a room raises 
the mean radiant temperature above the mean 
temperature of the boundary surfaces. Thus, 
in earlier observations,* it was found that, in some 
work-rooms, the increase in the mean radiant 
temperature due to the presence of the operatives 
varied from about I deg. F. in a sparsely-occupied 
room to about !4 deg. F. in a room where people 
sat fairly close together at rows of benches. 

From the foregoing considerations it cannot be 
said that all radiant heating is good and convective 
heating is bad,.or vice versa. Whatever the type 
of heating employed, attention should be paid to 
the thermal insulation of the structure. Apart 
from the saving in fuel costs effected by adequate 
insulation, the higher temperatures of the internal 
surfaces of walls enhance comfort, as has been well 
demonstrated by A. C. Pallot.t This benefit is 
likely to be especially noteworthy where heating 
is solely by convection, as with plenum ventilation 
or unit heater installations. 

Low-temperature: ceiling panels can give good 
thermal conditions if the ceiling is not too low. 
They create negligible temperature gradients and 
give an equable distribution of warmth. In multi- 
storey buildings, the slight leakage of heat through 
the floor helps to keep the feet warm—but not 
uncomfortably warm—in cold weather. A possible 
disadvantage is that, since ceiling panels cause very 
little convection, the low air velocity in a closed 
room may lead to complaints of stuffiness. The 
admission of cool air through a slightly open window 
can make a difference to comfort. 

High-temperature panels, operated at tempera- 
tures of 500 deg. F. or above, can be arranged so 
as to give a good distribution of warmth, and, 
since the heat sources are localised, they will 
probably provide more stimulating conditions than 
are given by more extended surface heating ; yet 
much care is necessary in designing these installa- 
tions to ensure that the heads of the occupants are 
not exposed to excessive radiation, or discomfort 
from this cause may outweigh any other advantages. 

For the heating of radiators, hot-water is to be 
preferred to steam, since the radiator temperature 
is lower and temperature gradients smaller. 
and low direct radiators are preferable to high 
column radiators, and radiators should be 
beneath windows, rather than alongside them or 





* “The Warmth Factor in Comfort at Work,” by 
T. Bedford, Rept. of Industrial Health Research Board, 
London, No. 76. 

+ “Thermal Insulation at Medium Temperatures,” 
Jl. Roy. Soc. Arts, vol. 91, page 122 (1943). 


against other walls. Hot-water radiators of the 
long low type, placed near floor level, cause only 
small temperature gradients, and produce a pleasant 
environment. Heating by radiators placed at high 
level, or by overhead pipes, is highly undesirable. 
It involves much waste of heat and causes unplea- 
santly steep gradients. 

If air heating, by a plenum system or by unit 
heaters, is to be relied upon as the sole means of 
heating, excessive temperature gradients will almost 
certainly occur if the installation supplies air at a 
temperature greatly above that of the room. Ideally, 
air-heating systems should supply air at a tempera- 
ture within a very few degrees of that which it is 
desired to maintain in the building, and this is 
usually impracticable if the warmed air has to 
supply the whole of the heat requirements. In 
some buildings, excellent conditions are provided 
by air-heating used in combination with some other 
form of heating, such as ceiling panels. Then the 
air is admitted at a temperature within a degree or 
two of the desired room temperature, and the 
ceiling panels, or other means of warming, provide 
for the heat losses through the structure. 





LITERATURE. 


Les Equations Différentielles de la Technique. By PRo- 
FESSOR CHARLES BLANC. Editions du Griffon, Neu- 
chatel, Switzerland. [Price 29-50 Swiss francs,] 

Tus book contains the subject-matter of a course 

in applied mathematics given to second-year and 

third-year students at the Ecole Polytechnique of the 

University of Lausanne. It deals with the differ- 

ential equations encountered in technical applica- 

tions and does so from a novel standpoint. Professor 

Blanc does not aim at presenting a collection of 

differential equations and listing their general inte- 

grals, for, as he points out, the engineer is primarily 

concerned with determining a particular integral 
satisfying prescribed conditions. These initial and 
boundary conditions are imposed by, or implied in, 
the specification of each problem and are an essential 
feature in all applied differential equations. Pro- 
fessor Blanc confines his attention to linear differ- 
ential equations, and, in the main, to those with 
constant coefficients; however, as practically all 
classical mathematical physics is founded on the 
hypothesis of linearity, these are the equations of 

practical importance. 

The text is divided into three parts. The first 
deals with ordinary differential equations. and con- 
siders in turn their free, transient and forced 
regimes. The free regime is typified by an elastically 
bound system exempt from external forces executing 
vibrations about a position of stable equilibrium. 
General conditions governing such situations are 
derived and the important question of their stability 
is discussed. The transient regime can be investi- 
gated without passage to the general integral with 
the aid of the Laplace transformation which, in 
effect, reduces the problem of integration to a matter 
of algebra. The chief features of this powerful 
method are outlined and exemplified in the solution 
of mechanical and electrical problems leading to 
linear differential equations with constant coeffi- 
cients subject to one-point boundary conditions. 
The concept of initial admittance is introduced and 
the response of a system to unit force or impulse is 
treated by means of Duhamel’s integral. The forced 
regime arises when the differential equation includes 
a second member, and among the problems treated 
in this connection are the fidelity of response of an 
oscillograph, electrical filters and similar periodic 
structures. The exposition gains in conciseness and 
clarity from the extensive use of complex numbers 
and geometrical representation. The concluding 
chapter of Part I contains an admirable discussion 
of boundary-value problems, including normal 
modes of vibration and the expansion of arbitrary 
functions in a series of suitably defined special 
functions. 

In Part II, which treats of partial differential 
equations, Professor Blanc considers only real|to 
variables and deals mainly with second-order 
equations. The simplest of these is D’Alembert’s 





equation governing wave propagation in one dimen- 
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sion. Following ¢ the same eis cleouifibation « as 
in the previous part, transient regimes are con. 
sidered next and again by the Laplace transform, 
According to D’Alembert’s equation, discontinuities 
are propagated with the same velocity as waves, 
Chapter VII employs the method of graphic inte. 
gration to bring out the essential character of the 
process, which is apt to be overlooked when atten- 
tion is confined to the general integral. Various 
examples of permanent regimes are discussed and 
this part ends with chapters on the equation of 
heat conduction and Poisson’s equation. 

Part III is in the nature of an appendix and 
contains chapters on the calculus of variations, 
elliptic functions and integrals, and Bessel functions, 
in which practical details concerning the calculation 
of elliptic integrals and the use of tables are given. 

In common with most Continental texts, no sets 
of exercises are included, though, as certain problems 
are treated in outline only, scope is left for filling 
in details. Owing to its unusual approach, this 
book differs considerably from a corresponding 
English course. On superficial examination it 
might appear less immediately applicable to prac- 
tical needs, but any such impression is dispelled by 
closer scrutiny. An engineering student at the end 
of his first year of studies at a British university 
would be likely to find it stiff going, but he would 
certainly benefit from a careful study of Professor 
Blanc’s elegant and attractive exposition. 





Soil Mechanics. By D. P. Krynine. Second edition, 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 5,50 dols.] ; 
and McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 33s.] 

Many students and civil engineers engaged on 
foundation work will be pleased to see that this 
work is now available in a new edition. Since 
1941, when it first appeared, one of the main develop- 
ments in soil mechanics has been in runway design, 
where the increasing weight of aeroplanes has 
necessitated economical design of pavements and 
the underlying soil, known technically as the sub- 
grade. Although such design procedure has been 
empirical to a large extent, this new edition is the 
first general text-book on soil mechanics to devote 
any attention to the subject. A new chapter, 
entitled, ‘‘ Highway and Runway Subgrades,”’ has 
been inserted, in which the author deals with soil 
stabilisation using bituminous materials and cement; 
no mention is made, however, of the resins widely 
used for waterproofing. The section dealing with 
strength of subgrades describes the plate bearing 
test, in which a plate, 30 in. in diameter, is loaded 
and a stress-deformation curve plotted to obtain 
the modulus of subgrade reaction.’ The California 
bearing ratio test is also briefly described, but for 
details of how these tests are applied in the design 
of a rigid or flexible pavement, the reader is referred 
elsewhere. The final part of the chapter deals 
with under-drainage of the subgrade, showing ‘the 
best location for sub-surface drains and giving 
details of the design of the filter material that should 
be placed around them so that the fines in the 
surrounding soil will not be carried into the 
drain. 

A second new chapter which has been added is 
entitled ‘‘ Pressure on Tunnels and Conduits,” and 
deals with stability of circular tunnels, pressure on 
the roof of a rectangular tunnel, and rigid and 
flexible pipe culverts. The stability of unlined 
tunnels is analysed by considering the distribution 
of lateral in the soil to’ be triangular and 
poumeigataliing:- 40-4 the active Rankine state. After 
excavation, lateral pressure can be exerted no 
longer over the depth of the tunnel. and, since the 
total pressure is unaltered, the unbalanced pressure 
is transferred by shearing stresses to the soil above 
and below the tunnel. This treatment is analogous 
to that of retaining walls. The only other change 
that has been made in the new edition is that the 
details of laboratory shearing tests and the mathe- 
matical theory of consolidation have been relegated 

appendices. As it stands, the book probably 
covers a wider field than any other text-book on 
soil mechanics, beb-this has been-athloved ‘of the 





sacrifice of detail. 
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Fia. 1. 


Om Enatngs, Limrrep. 


PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING 
EXHIBITION AND CONGRESS 

AT OLYMPIA. 


THE seventh Public Health and Municipal En- 
gineering Exhibition and Congress opened at Olym- 
pi2, London, on Monday, November 15, and will 
remain open until] to-morrow evening, November 20. 
With the exception of the war years, the Congress 
and Exhibition has been held every alternate year 
since 1928, and it is particularly appropriate that it 
should be held again this year as its revival coincides 
with the Centenary of the first Public Health Act 
to be passed in Britain. This act, the passing of 
which was due mainly to the efforts of Edwin 
Chadwick, established a general board of health 
invested with powers to form local sanitary areas 
under local boards of health. The exhibition, 
therefore, includes many items which illustrate the 
remarkable progress made since the Act received 
Royal Assent on August 30, 1848, while other 
exhibits cover the range of equipment and materials 
applicable to all phases of present-day public health 
and municipal engineering. This year’s exhibition 
is larger and covers a wider field than ever before, 
the stands occupying both the Grand and National 
halls and the National-hall gallery. The Congress 
is being held concurrently with the exhibition and 
by the time it closes, over 20 sessions will have been 
held at which over 50 papers will have been pre- 
sented and discussed. 

Lack of space prevents us from giving a de- 
tailed description of all the exhibits, and, in accord- 
ance with our usual custom, it is proposed to 
describe those items of equipment not previously 
mentioned in ENGINEERING. The wide range of 
equipment being shown renders it exceptionally 
difficult to classify the various machines, and no 
attempt will be made, therefore, to place themin any 
particular order. It may be appropriate, however, 
to commence our description of the exhibits by 
referring to a new range of Petter Diesel engines 
introduced recently by Associated British Oil 
Engines, Limited, 32, Duke-street, London, S.W.1. 
Two types are being produced, the AVI, a single- 
cylinder model, and the AV2 which, as its type 
designation suggests, is a two-cylinder model; 
they have been designed, however, so that many 
of the components, such as pistons, connecting 
rods, ete., are interchangeable. Both models are 
of exceptionally robust construction which, combined 
with their relatively low power-to-weight ratio, 
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renders them particularly suitable for use as the 
power units for small portable industrial machinery, 
such as cement mixers, elevators, etc. The AV2 
engine is illustrated in Fig. 1, on this page. It is a 
four-cycle airless-injection engine having a bore 
and stroke of 80 mm. and 110 mm., respectively, 
and producing between 6 and 10 brake horse-power, 
the actual power developed depending on the gover- 
nor setting. 

The crankcase is a single iron casting, the height of 
the crankshaft from the base and the spacings of 
the foundation bolts being identical with those for 
the Pettef four-stroke air- and water-cooled petrol 
and vaporising-oil engines. Individual cylinder 
jackets are used, each of which is fitted with a 
wet-type cast-iron liner. The standard engine is 
fitted with plain liners, but porous chromium-plated 
liners can be fitted if required. The cylinder heads 
are detachable and are fitted with overhead valves 
operated by push rods and rocking levers in the 
usual manner; the cylinder heads also incorporate 
the spherical combustion chambers. Aluminium 
pistons are fitted, each of which is provided with 
three compression rings and two oil-control rings. 
The connecting rods, which are of H section, are 
machined from steel stampings and are held to the 
pistons through fully-floating gudgeon pins, which, 
in turn, are located by internal Circlips. The 
big-end bearings are of the steel-backed white- 
metal lined type, the centre main bearing and 
the big-end bearings being interchangeable. The 
camshaft is located high up in the crankcase 
and in addition to operating the inlet and exhaust 
valves, also operates the fuel pumps, a separate 
pumping element being provided for each cylinder. 
These deliver to single-hole injectors which are 
mounted horizontally in the cylinder heads, the 
fuel injector and injection pumps having been 
manufactured by. Messrs. Bryce Fuel Injection, 
Limited, The Causeway, Staines, Middlesex. 

The engine is governed by a centrifugal governor 
fitted to the forward extremity of the camshaft. 
The governor is loaded directly by springs which 
extend across the weights, an arrangement which 
reduces the load on the fuel-pump operating rod 
and linkage. The speed can be regulated over a 
range of + 10 per cent. or, alternatively, a full 
speed range type of governor can be fitted. Alter- 
native driving arrangements are provided, a half- 
speed shaft being fitted in addition to the usual 
crankshaft extension, and the engine being designed 
so that it can be started by hand from either the 
crankshaft or the half-speed shaft. The half-speed 
shaft is brought out at the front of the engine but, 





if required, a full-speed shaft can be fitted at this 
point. Furthermore, a clutch is available which can 
be fitted to the half-speed shaft. The clutch is 
of the oil-immersed multiple-disc type and is 
arranged so that it forms an integral unit with the 
front engine cover. 

The engine is cooled on the thermo-syphon prin- 
ciple in conjunction with either a cooling tank or a 
radiator. The radiator is designed for tropical- 
temperature conditions and is arranged to work in 
conjunction with an engine-driven fan. A silencer 
of the pepper-pot type is provided, the air and 
exhaust manifolds being reversible so that the 
exhaust may be discharged towards either end of the 
engine. The output of the engine depends, of course, 
on the speed but at 1,000 r.p.m. the engine develops 
6 brake horse-power, this figure rising to 8 brake 
horse-power at 1,200 r.p.m., and to 10 brake horse- 
power at 1,500 r.p.m., which is the maximum speed. 
The brake mean effective pressure at full load is 
78-2 lb. per square inch, while the fuel consumption, 
when running at 1,500 r.p.m. and working under 
full load, is 0-43 Ib. per brake horse-power per hour. 
The standard engine has a length of 44 in. over the 
starting handle, a width of 17} in., and a height ef 
284 in.; when fitted with a radiator, however, the 
height is increased to 334 in. The weight, in work- 
ing order, is 455 lb. The single-cylinder engine is 
of similar construction to the twin-cylinder model, 
but its output, of course, is considerably less; at 
1,000 r.p.m., for example, the single-cylinder engine 
develops 3 brake horse-power, while at the maximum 
speed of 1,500 r.p.m., it develops 5 brake horse- 
power. 

The Diesel-engined road roller continues to gain 
in popularity and has almost superseded the 
familiar steam-driven type. A good example of a 
modern Diesel-driven road roller is furnished by 
the Road-Marshall, type RD series 2 machine, 
illustrated in Fig. 2, on this page, which is being 
exhibited by the manufacturers, Messrs. Marshall, 
Sons and Company, Limited, Gainsborough. Al- 
though new so far as outward appearance is con- 
cerned, the series 2 machine retains many of 
the features incorporated in earlier rollers of this 
type. The transmission, for example, is the same 
as that used hitherto and incorporates two large- 
diameter reversing clutches, a foot-actuated brake, 
a differential gear and final-drive pinions. 

The main frame is of fabricated-steel construction, 
the front end of the frame being designed to accom- 
modate the casting for the front-fork pivot. The 
pivot is provided with a taper-roller bearing at its 
base and as will be seen from Fig. 2, the fork is 
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located in the fore-and-aft direction. The steering 
quadrant is fitted to the top of the pivot and is 
arranged to mesh with a worm which, in turn, is 
actuated by a bevel. pinion and crown wheel; if 
required, power-steering, driven from the engine, 
can be incorporated. The rolls, which are of welded- 
steel construction, are of the water-ballast type. 
Two water-ballast tanks are provided, located at the 
forward and rear of the frame, respectively, their 
use enabling the rolling pressure to be varied to suit 
different forms of road work. Motive power is 
supplied by a Perkins industrial-type four-cylinder 
Diesel engine. An electric starter is fitted to the 
standard machine, and in order to ensure easy start- 
ing during exceptionally cold weather, a Ki-gass 
mist injector and induction heater are fitted. A 
master clutch is provided between the engine and 
the transmission and, if required, this can be 
replaced by a fluid coupling. In this case, there is 
no direct mechanical connection between the engine 
and transmission. 

The range of Barber-Greene equipment manu- 
factured in this country is being expanded steadily, 
and Messrs. Jack Olding and Company, Limited, Hat- 
field, Hertfordshire, are exhibiting a bucket loader, 
a road-surfacing machine, and a trenching machine, 
all of which are made in this country by Messrs. 
Barber-Greene Olding and Company, Ijmited. The 
road-surfacing machine was described in our report 
of the Public Works, Roads and Transport Exhibi- 
tion held last year, which ap in ENGINEERING, 
vol. 164, page 114 (1947). Of the other two machines, 
probably the more interesting is the trenching 
machine, which is illustrated in Fig. 3 on this page. 
It is a vertical-boom bucket-type machine capable 
of cutting a ditch from 12 in. to 24 in. wide and up 
to 8 ft. 3in. deep. The chassis frame, which is of 
welded structural-steel construction, supports the 
power unit, the driving machinery and the digging 
boom. The boom also is constructed from struc- 
tural-steel members and is raised or lowered by a 
power hoist. The buckets and intermediate links 
are of carbon-manganese steel, the buckets being 
designed so that they are cleaned automatically 
as they pass over the head sprocket. The digging 
speed is controlled by a four-speed gearbox which 
gives a selection of digging speeds ranging from 
10 in. to 66 in. a minute. By interchanging the 
bucket-driving sprockets, however, this range can 
be increased from 15 in. up to 96 in. a minute. 
An automatic overload release is provided which 
protects the machine should the buckets strike 
an underground obstacle. The overload release 
automatically resets itself and can be adjusted to 
suit the digging conditions. A telescopic follow-up 
scraper is fitted behind the boom, the scraper 
being held by a safety latch which trips when the 
scraper strikes an obstruction. 

The power unit is a Ford V-8 industrial-type 
petrol engine having a bore and stroke of 77-8 mm. 
and 95-25 mm. respectively, and developing 55 brake 
horse-power. The tracks are 7 ft. 04 in. long over 
the centres and 14 in. wide, the effective track- 
contact surface being 7 ft. 64 in. long. The axle 
under the digging end of the chassis is rigid, 
while that at the opposite end is pivoted. This 
arrangement gives a three-point suspension which 
allows the tracks to negotiate bumps, etc., without 
upsetting the equilibrium of the machine. The 
spoil conveyor comprises a rubber-covered belt 
18 in. wide, which can be arranged to discharge on 
either side of the machine. It can also be adjusted 
for pitch and clearance, thereby allowing the 
machine to work in confined spaces. 

Another interesting machine being exhibited by 
Messrs. Jack Olding and Company, Limited, is illus- 
trated in Fig. 4, on this page. Known as the 
Traxcavator, it is fitted to the front of a standard 
D6 Caterpillar tractor and is used for digging, 
transporting and loading sand, gravel, etc. In 
operation, the bucket is lowered to the position 
shown in the illustration and the tractor driven, 
forward so that the bucket enters, and is filled with 
the material. The bucket is then hoisted up the 
masts visible in the illustration, the tractor driven 
to the loading point, for example, and the bucket 
release gear operated. The bucket has a capacity 
of 13 cubic yards and can be lifted to a height of 
10 ft. measured from the bottom of the bucket to 
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the ground, while the clearance under the bucket 
in the released position is 8 ft. The bucket is 
raised by two ropes which pass over fair-lead pulleys 
fitted to the top of the uprights to a drum-type 
winch. This is driven from the tractor front power 
take-off by six V-belts which, in turn, drive the 
winch drum through a worm reduction gear. 
The winch is controlled by a single lever which 
operates a friction clutch and self-locking brake. 
The frame and upright assembly is of welded-steel 
construction and is fitted to the tractor so that its 








entire weight is taken by the track frames. When 
assembled on the tractor, the structure has a height 
of 11 ft. 9 in., while the weight of the combined 
tractor and Traxcavator is 27,500 lb. Extra equip- 
ment available for use with this machine includes 
buckets for special purposes, an anglegrader and a 
bulldozer blade. The Traxcavator is made by the 
Trackson Company, Milwaukee, Wisconsin, U.S.A., 
while the tractor is produced by the Caterpillar 
Tractor Company, Peoria, Ill., U.S.A. 
(To be continued.) 
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APPLIED MATHEMA'IICS AND THE 
STRUCTURAL ENGINEER.* 


By Frepx. 8. Snow, M.I.C.E., M.I.Mech.E. 


I THINK it is true to say that the more experienced 
an engineer, the less mathematics he requires for the 
purpose of his every-day business. Speaking as a 
civil and structural engineer, I find I am less able to 
use the mathematics imbibed in my younger days in 
solving complicated problems in the design of rein- 
forced concrete, structural steelwork, drainage and the 
many Other points which arise in the course of work. 
On the other hand, my experience has taught me 
where such knowledge can be obtained, namely, from 
one or other of the technical libraries or from a 
specialist mathematician dealing with the subject- 
matter required. If one follows through the training 
of a potential engineer, it will be found that in the 
elementary stage he is taught mathematics up to the 
standard of algebra, logarithms, geometry and trigo- 
nometry. He then follows on at a secondary school 
up to a standard embracing trigonometry and elemen- 
tary calculus, and finally he may reach the fairly 
advanced stage of differential and integral calculus. 
Mathematics are essential in many standard design 
methods and while it would be extremely good practice 
to ensure that every engineer had a Bachelor of Science 
degree in mathematics, as well as civil engineering, the 
use for such a high standard would be limited to the 
research field and the university. From time to time 
new theories are produced, based upon new assum 
tions, and, generally speaking, only those who have 
the time, that is to say, our mathematical colleagues, 
can produce such theories. The others, whom I will 
call practical engineers, use the resulting equations and 
substitute values, and so solve their problems. 

Two practical examples of the mathematician’s 
work are pre-stressed reinforced concrete and what is 
known as shell-roof construction. Few engineers prior 
to 1920 would have erected reinforced-concrete roofs 
of an arched shape, to span 50 ft. or more, with a total 
thickness of 2} in. The normal type of roof would 
have been, say, 6 in. on arched ribs with about a 12-in. 
square projection. The mathematics of rotational 
shells, however, led certain German engineers to 
question the standard of practice and successful 
experiments have been undertaken with 2}-in. shells. 
It is only through general lack of knowledge of the 
involved mathematics, together with more practical 
reasons, which prevent their more general use. So far, 
however, no standard method has been evolved for 
the design of shell roofs and the work of design has 
to be conducted from first principles. In the case of the 
use of structural steel, many engineers not knowing, 
in other words, having insufficient experience to know, 
which terms to eliminate or amend in the formule, 
have to return to the old mathematical or empirical 
rule of thumb method, or, alternatively, resort to tables 
prepared by specialist firms for this purpose. I consider 
it undesirable to employ tables unless the user is clear 
as to their limitations and by whom and for what 
purpose they were formulated; therefore, the really 
efficient engineer must have both mathematics and 
experience to guide him. 

Let us reflect on the inception of a new construction 
before the question of size of members or any relative 
items are contemplated. The first consideration is 
that of cost. The engineer of many years experience 
and practice, by means of a few calculations and 
certain units with which he is familiar, oan usually 
give a very close estimate of the resultant cost of a 
particular structure, within a very short space of time, 
which, of course, is the client’s foremost concern. 
Within the cost, the particular points of designing an 
economic structure, be it a bridge, commercial building, 
reservoir, dock, or the like, the engineer is served by 
engineering science and engineering science is served 
by mathematics to pin down the basic properties and 
behaviour of engineering materials, so that the ma- 
terials may be used to the best advantage. 

Engineering materials, whether natural or manu- 
actured, do not behave in precisely the same way 
each time they are subject to precisely the same 
forces. One has only to endeavour to construct a 
crackless floor, or say a reinforced-concrete runway, to 
learn that materials are not completely reliable. Their 
behaviour, however, can be foretold with reasonable 
accuracy. Theories have been devised to cover the 
behaviour of engineering materials and components, 
based upon certain assumptions, so that they can be 
interpreted by mathematical computations or formule 
in a standard manner, to produce reasonably standard 
answers, no matter who does the calculations. The 
assumptions taken are not always correct, but either 
they are known by experience to produce, when used 





* Contribution to a joint discussion on Applicable 
Mathematics, between Section G and Sub-section A* 
(Mathematics) of the British Association, at Brighton, 
on Tuesday, September 14, 1948. Abridged. 


together, a satisfactory answer, or they simplify t 
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e 
mathematics to produce a design. Having 
designed by mathematical interpretation, the designer 
then modifies the mathematical figures by practical 
experience or by practical considerations ; thus, for 
instance, he may increase or reduce the live or dead 
load of a floor, or revise the factor of safety introduced 
because the materials used and the labour available is 
not completely reliable. 

It can be said, therefore, that practical experience is 
often more important than mathematics ; but this is 
notalwaysso. Mathematics is a tool, and, like all tools, 
must be used only for a particular part of the work. 
In any design, the drawing board, T-square, pencil, 
and so on, are the remaining tools. It can also be seen 
that if the knowledge of mathematics were more 
advanced among all engineers, more exact solutions 
might be obtained to design problems which in certain 
cases would result in economy of materials and cost. 
Until such time as more exact information as to the 
probable behaviour of materials under stress becomes 
available, more mathematics will be of limited use. 

The above is true 80 far as,it applies to general 
standard practice, but obviously engineering has 
advanced over the years from pure building by experi- 
ence to building by a combination of experience, 
scientific investigation and analysis. Scientific experi- 
ments must go hand in glove with mathematical 
analysis, because without this analysis the applicability 
of experimental results is doubtful. It is only by 
mathematical interpretation that we can assess to any 


P- | degree of accuracy and within the limits of the rehabili- 


tating of materials, the behaviour of the structure. 
In a reinforced-concrete frame it can be made quite 
clear by models which part of icular columns or 
beams are in tension and which are in compression, 
and since concrete is known to take very little tension, 
we know that steel must be included at certain places. 
How much must be decided by mathematics? It would 
be a very rash engineer who would decide by eye what 
quantity of steel and what size concrete column or 
beam to use. His eye would be sufficient to detect 
obvious errors in calculation, but few engineers would 
guarantee within 10 per cent. that their “eye” sizes 
were the most economical. Summing up, therefore, 
I am of the opinion that every engineer should and 
must be trained up to a standard of Bachelor of Science 
degree or in accordance with the standards laid down 
in the curriculum observed by the Chartered Profes- 
sional Institutions, such as the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, 
and the Institution of Structural Engineers ; thus, the 
good engineer must have some mathematics, much 
experience, and the strength of his convictions. 





COAL PRODUCTS EXHIBITION. 


Aw exhibition, entitled ‘‘ The Nation’s Wealth,” was 
opened at Gas Industry House, 1, Grosvenor-place, 
London, 8.W., on Monday, November 8, and will 
remain open for a considerable period. The object of 
this exhibition is to emphasise the values of the pro- 
ducts resulting from the carbonisation and gasification 
of coal; and this is effected by a number of pictorial 
and diagrammatic displays, as well as by showing 
models of, and, in certain cases, actual apparatus. For 
instance, the coal section includes a model of a pit 
head and coal seam, with a display of miners’ tools ; 
and it is pointed out that the scientific treatment of 
coal to extract its chemical wealth, as carried out 
the gas industry and its associates, accounts for about 
23 per cent. of the coal used in this country each year. 
Similarly, the coke section provides information 
regarding the uses to which this material is put, 
including large coke for central-heating boilers, indus- 
trial furnaces and kilns, and broken coke for laundry 
boilers, bakers’ ovens, grain-drying furnaces, producer- 
gas plants, and domestic stoves and cookers. Of the 
Seank eshe produced, about 44 per cent. is consumed 
for central and space heating in hotels, flats, offices and 
factories, and 19 per cent. for domestic purposes. 

The principal exhibit in the gas section, which 
naturally forms a large part of the exhibition, is a 
model of the Linacre Gas Works, Liverpool. This 
section also contains a model of a station governor for 
a 36-in. main, such as is generally used for controlling 
the pressure in gas mains. The employment of a 
valve of this type allows the pressure to be adjusted 
according to the total load and prevents rises such as 
would cause an increase in “ unaccounted for” gas 
due to leaks and to excess consumption by appliances 
not fitted with governors. An interesting exhibit in 
the industrial section illustrates how gas is used for 
heating the platens employed in the manufacture of 
laminated staves for collapsible barrels. There is 
also a display in the same section of infra-red heating 
ovens, while an exhibit of drop steel forgings serves 
to illustrate how gas is used in motor-car factories 
to produce these parts, as well as for the processing 





of gearboxes and axles. 











RUGBY LOCOMOTIVE-TESTING 


STATION. 
(Congjuded from page 465.) 

A pHoTocRraPH of the interior of the test house, 
reproduced in Fig. 13, on 488, shows the general 
layout of the plant. The test bed is in the foreground, 
with paren platforms along each side; the firing 
platform is at the end, with the drawbar below it ; 
and the control room, with a large window overlooking 
the test bed, forms the upper storey of a small building 
within the test house. 

The rollers and Froude dynamometers, which were 
described in last week’s issue of ENGINEERING, respec- 
tively support, and absorb the power from, the loco- 
motive coupled wheels. The locomotive is brought 
on to, and removed from, the test bed, by running it 
with the flanges of the wheels rolling on two parallel 
girders. These girders, which are shown in section in 
Fig. 14, on 488, are 68 ft. long, and lie between 
the main sade. The overall width of the girders is 
4 ft. 73 in., which leaves a clearance of ¥ in. on each 
side between the girder and the rollers, the width 
between the inside faces of the rollers being 4 ft. 8} in. 
The girders are braced together by a number of trans- 
verse and diagonal (in plan) steel joists, the whole being 
termed the elevating platform. It is covered with 
steel plates for convenience. The platform is lifted 
1? in., most of this distance, however, being “‘ free ”’ 
lift, ie., before the girders bear on the wheel flanges, 
the exact amount depending on the wear of the wheels, 
rollers, etc. 

The platform is elevated by a 10-h.p. reversible 
motor which is housed in a cavity at the front end of 
the test-bed pit, and operates ven p a system of 
gears and levers. (The cross-section of the test house, 
which was reproduced in Fig. 3, on page 464, ante, 
shows the position of the motor, etc.) The motor 
drives a 3}-in. diameter shaft, which lies almost the 
full length of the test bed, through a 30:1 reduction 
gearbox. The shaft is in several lengths, joined by 
special couplings of the same external diameter as the 
shaft, which has a keyway along most of its length. 
It passes through, and drives, nine lifting units, a 
transverse cross-section through one of which is shown 
in Fig. 14. There is one lifting unit attached to each 
of the seven main roller units ; one near the front end 
of the test-bed pit, where there are pedestals for an 
extra roller unit ; and one in front of the motor in the 
cavity. 

The worm shaft shown in the centre of Fig. 14 is 
driven through a train of three gears from the main 
longitudinal shaft, which is below it and in the same 
vertical plane. The worm wheel is mounted on, 
and drives, a short hollow shaft which is screwed 
internally with left- and right-hand threads at opposite 
ends. The shaft actuates, through the medium of 
screwed forked rods and links, a bell-crank on each 
side, the short arm of which lifts the main elevating 
girder through a small loose compression piece and a 
vertically-sliding member (the ‘‘jack” piece). The 
worm-wheel shaft is free to move } in. either side of 
its central position to ensure that the weight is taken 
evenly and that no undue side thrust is transmitted 
to the worm-wheel mounting. The time taken for the 
elevating ‘orm to be lifted (plus that required to 
take up 4 in. clearance between the jack pieces and the 
undersides of the girders), is about ten minutes. The 
ie of the elevating platform is shown on the 

ring platform by means of a Bowden-cable remote 
indicator. Fig. 11, on page 468, ante, which illustrates 
a roller and dynamometer unit in the makers’ works, 
shows the manner in which the elevating gear is 
mounted on a steel-joist cross-beam, the gearbox being 
in front of it, and, when erected, the main longitudinal 
shaft passing through the gearbox, immediately below 
the cross-beam. It also shows the 6-in. diameter roller 
mounted on each jack box to support the elevatin 
girder when in its lowered position. Several pairs 
rollers are also provided between the rails which form 
the approach to the test bed; these are to facilitate 
the removal of the elevating platform, it being rolled 
forward off the test bed when required. The side- 
walks rest on brackets fixed to the roller-dynamometer 
units ; this ment leaves the brackets free to 
slide under the side-walks when the positions of the 
units are being adjusted. 

An rp ee known as a vertical-alignment indicator 
is used for setting the roller-dynamometer units accu- 
tately below the locomotive axles. The plant has been 
designed to accommodate locomotives with wheels 
between 4 ft. 5 in. and 6 ft. 9 in. in diameter. The 
maximum distance between the centre-lines of the 
first and seventh units is about 55 ft., and the minimum 
distance is, of course, 30 ft. (i.e., 6 b> 5 ft.). When a 
locomotive with any flangeless wheels is to be tested, 
the axle of the flangeless wheels must be packed up 
in the horns because the elevating platform cannot 
hold them above the height of the rollers. The roller- 
dynamometer units must be set on the soleplates to 
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within } in. for 6 ft. 9 in. wheels, and 4 in. for 4 ft, 5 in. 
wheels, by the motors and clutches already described, 
the settings being gauged by reference to scales attached 
to the soleplates and verniers on each unit. The 
locomotive is then placed on the Millers by means of 
the elevating platform, and the final adjustments are 
made with the vertical-alignment indicator, which is 
fastened to a bracket on each roller main bearing in 
turn, as shown in Fig. 19, on page 492. 

The indicator comprises. a horizontal beam with a 
small roller on each end, 2 ft. between centres; the 
ends of the beam are connected to a linkage which 
actuates a pointer whenever the beam is tilted from 
the horizontal position: The whole assembly is 
mounted in a casing which can be raised or lowered 
on a vertical slide by alever. The assembly is lowered 
so that its rollers rest on the tread of the main rollers, 
when the pointer is set to zero by screws which move 
the assembly horizontally. It is then raised on the 
vertical slide until the rollers touch the tread of the 
locomotive wheel, when any error in vertical alignment 
is indieated by a movement of the pointer to one side 
or other of the zero position. Thus, by a process of 
trial and error the alignment of each unit is corrected. 

The whole test bed, including the drawbar dynamo- 
meter and dashpot gear, is supported on a fabricated 
steel grillage weighing about 60 tons the grillage itself 
being embedded in a concrete foundation about 103 ft. 
long, from 17 ft. to 41 ft. wide, and from 6 ft. to 17 ft. 
deep ; its weight is approximately 3,000 tons. The 
concrete foundation is independent of the building 
foundations to prevent the transmission of vibration 
to the latter. The grillage consists of four 24-in. by 
74-in. rolled-steel joists, laid longitudinally with two 
under each main-bearing soleplate; eight 12-in. by 
4-in. channels, laid longitudinally in pairs, back to 
back, to support the dynamometer soleplates; and 
11 lines of channels, laid transversely, to tie the longi- 
tudinals together.: The four 24-in. by 7}-in. rolled-steel 
joists are extended beyond the test-bed pit, to support 
a fabricated anchorage for the drawbar dynamometer 
and a foundation structure for the drawbar dashpot 
and the buffers. 

The water-supply system of the testing station can 
be considered in three parts : the boiler-feed water, the 
Froude-dynamometer water, and various minor sup- 
plies for oil cooling, ete. A structure about 22 ft. high, 
supporting several water tanks, valves, etc., indicated 
by a in Fig. 15, opposite, is situated in the test house, 
at the back of the control-room building. There are 
two 500-gallon tanks at the top for measuring the 
boiler-feed water in bulk. They are supplied from the 
town mains. The contents of either tank are discharged 
into a 2,500-gallon tank below, whence the boiler is 
fed through either of two pipes (each with a Kent water 
meter) to the left-hand and right-hand injectors of the 
locomotive. The 500-gallon tanks are supplied with 
water from the town mains through a four-way valve, 
which also directs the discharge into the 2,500-gallon 
tank. The valve is set by hand from a platform 
round the tank-supporting structure. 

The hot-water discharge from each Froude dynamo- 
meter through a flexible pipe to a main dis- 
charge trench round the test-bed pit. This pipe 
terminates in a 1,000-gallon hotwell 6 in one comer 
of the pit, whence the water is delivered to a cooler 
by an immersed centrifugal pump having a capacity 
of 35,000 gallons per hour against a head of 37 ft. 
The discharge to the cooler is regulated by a ball 
float valve. A Heenan and Froude T 69 water cooler 
is Situated outside the test house, as shown at c in 
Fig. 15. The water is distributed over screens and 
cooled by airfrom a motor-driven centrifugal fan. The 
cooler is capable of reducing the temperature of 30,000 
gallons of water per hour, from 140 deg. to 102 deg. F., 
this capacity being equivalent to 4,500 h.p. Itis fitted 
with a steam-heating coil to prevent freezing in cold 
weather. From the cooler, the water is pumped to a 
1,000-gallon tank on the tank-supporting structure in 
the test house, the flow being regulated by a ball float 
valve in the base of the cooler. Any loss due to 
evaporation is made up automatically by a direct 
supply of water from the town mains. Water is 
returned to the dynamometers through a 7-in. pipe 
from the 1,000-gallon tank, the water passing through 
an electrically-operated sluice valve, regulated from the 
control room, thence to a ring main in the test-bed pit 
and flexible connections to each dynamometer. 

Frech water from the town mains is sprayed on to 
the bottom of each test-bed roller, the spray being 
directed from the front backwards; this is to keep 
the rollers and wheels free from oil and grease. A dish- 
shaped memberis fitted to the outside face of each roller 
to throw off any water which might drain into the main 
bearing. Fresh water is also supplied to a drawbar- 
dashpot oil cooler and to a regulating valve on the 
Amsler recording table. 

The general layout of the drawbar dynamometer 
and the dashpot mechanism has already been referrred 
to, and the components are shown in elevation in Fig. 3, 
on page 464, ante. The drawbar and the dashpot 
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mechanism are shown in more detail in Fig. 17, oppo- 
site. The dynamometer, which is of a type used in 
many dynamometer cars throughout the world, was 
Pw by Messrs. Alfred J. Amsler and Company, 
Schaffhouse, Switzerland. A photograph of it is repro- 
duced in Fig. 20, on page 492, and one end of it is 
shown chain-dotted at the left-hand side of Fig. 17. 
The drawbar, dashpot mechanism and dynamometer 
can be raised and lowered over a range of 9 in. to suit 
the height of the locomotive drag-box. Two safety 
links, adjustable for length and height, are provided. 

The front section of the drawbar, i.e., that part which 
is coupled to the locomotive, is adjustable for length 
by means of a turnbuckle ; in addition, two eye ends 
of different lengths are supplied, so that there is a total 
adjustment in length of 1 ft. 6in. The forked rear 
end of the front section is coupled through a cross head 
to the rear section of the drawbar (and thus to the 
dynamometer) and to the shorter arms of a pair of 5: 1 
bell-cranks set side by side. The longer arm of each 
bell-crank is coupled to the piston rod of one of two 
vertical dashpots. The maximum permissible longi- 
tudinal play of the drawbar, in so far as it is limited by 
the dashpots, is lin. The movement of the locomotive, 
however, is controlled by a ‘‘ mediating ” gear, and any 
abnormal movement would be checked by the safety 
links or the buffers. 

The damping effect of the dashpots is adjusted from 
the control room by a switch which is connected to a 
motor operating a needle valve. When a locomotive is 
under test, and the horizontal components: of the 
unbalanced masses are tending to cause a longitudinal 
oscillation, the steadiness of the drawbar pull, as 











indicated on the recording table, can be varied by 
adjusting the damping effect of the dashpots. The 
dashpot mechanism is carried in a frame which is 
adjusted for height by operating a motor driving two 
vertical screws through gearboxes ; after adjustment, 
the frame is clamped by bolts at each corner. Counter- 
weights are attached to an extension of the bell-crank 
to balance it. 

The Amsler dynamometer resists the drawbar pull 
by hydraulic pressure which is transmitted to the control 
room for indicating and recording pu . A cross- 
head at the front end of the dynamometer, Fig. 20, is 
pulled by a forked member which passes loosely through 
it; the fork is pinned to the drawbar and the rod 
presses on the crosshead through a number of Belleville 
washers which act as ‘‘smoothing” springs. Some of 
these washers may be replaced by plain washers if it is 
desired to alter the compression modulus to suit 
locomotives of different mass, etc. 

The dynamometer is designed for a nominal maxi- 
mum drawbar pull of 96,000 lb., but it will withstand 
occasional loads of up to 150,000 lb. The front cross- 
head is coupled by two enclosed tie rods to a rear 
crosshead which presses on a piston in an oil-filled 
cylinder. The piston and cylinder are both very 
accurately finished ; there is no packing, so that the 
pressure in the cylinder may be taken as a true measure 
of the tractive effort. The dynamometer is suspended 
by a height-adjusting mechanism, on the top of a ver- 
tical beam built into the foundation grillage. The beam 
is substantially constructed from rolled-steel joists, 
fabricated to form an H-section member, and the 
hydraulic cylinder presses against its back face at 
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the top. The tie rods between the crossheads are 
supported in ball bearings. In the oil circuit between 
the dynamometer and a measuring cylinder on the 
recording table, a throttling valve is provided to 
eliminate the remaining fluctuations in the drawbar 
see The valve provides a long adjustable path of 
aminar oil flow, thus ensuring a linear drop in pressure. 
Owing to the continuously throttled flow in both 
directions, the oil becomes hot, and is therefore cooled 
by a water jacket around the valve. 

The object of the Amsler dynamometer “ mediating ”’ 
gear is to keep the locomotive wheels vertically over 
the test-bed rollers, in spite of the tendency of the 
dynamometer to allow the locomotive to move forward 
or backward, when the tractive effort is increased or 
decreased due to changes in the regulator-valve opening 
or the braking load of the Froude dynamometers. A 
thin rod above the rear section of the drawbar con- 
nects the forked end to the mediating mechanism, 
which is housed in an inclined box. The glass cover 
{not visible in Fig. 20) of this box protects an indicating 
dial, etc. The mediating mechanism controls the 
delivery and by-passing of oil from a constantly 
running pump (mounted above the dynamometer 
cylinder) to one side of the piston or the other. The 
deviation from the central position of the locomotive 
on the test bed, up to } in. fore or aft, is indicated on 
a dial, and is recorded continuously on a paper roll. 

The speed of the locomotive is transmitted to the 
recording table by a Selsyn system, the transmitting 
unit of which is shown in Fig. 18, on this A 
12-in. diameter disc with a hardened rim is held against 
one of the locomotive coupled wheels. The disc is 
mounted on a shaft at the end of an arm which can 
swing about the main axis of the transmitter to suit 
the diameter of the coupled wheel (from 4 ft. 5in. to 
6 ft. 9 in.), and to allow it to be lowered out of the 
way when a locomotive is being driven on or off the 
test bed. A shaft on the main axis of the transmitter 
is driven by the disc shaft through bevel gears and 
an intermediate shaft. It drives, in turn, the trans- 
mitter of the Selsyn system through a flexible coupling, 
and a tachometer generator for remote indication of 
the locomotive speed in the control room. The friction 
disc is pressed against the locomotive tyre by a helical 
Spring, in torsion, on the main shaft of the transmitting 
unit. The torsion in the spring is adjusted by a 
handle-operated worm gearing until the disc presses 
against the tyre with a force of 65 1b. to 70 1b. This 











is sufficient for full load on the Selsyn transmitter 
and the generator, ic., at a maximum speed of 
135 miles an hour. The arrangement of disc driven 
by a locomotive tyre ensures that the equivalent 
track speed is transmitted, regardless of the state of 
wear of the tyre. The transmitting unit is mounted 
on a bracket attached to one of the test-bed main 
bearings. A similar speed indicator with disc drive 
is provided for each test-bed roller, so that any slip 
of the coupled wheels on the rollers can be observed. 

A control desk, which is shown in Fig. 21, on page 
492, is located in the control room as shown at d in 
Fig. 15, so that the operator has a view of the test bed. 
The large dial at the back of the desk indicates the 
locomotive speed as transmitted by the generator 
on the tyre-driven unit. It is calibrated from 0 to 
140 m.p.h. The five dials in a row at the back are 
the speed indicators for each roller-dynamometer unit. 
They are also calibrated up to 140 m.p.h., and the read- 
ings of their pointers may be compared with that of the 
main speedometer to estimate slip. The five instru- 
ments in the near row indicate the tractive effort at 
each Froude dynamometer. They are actuated by the 
potentiometer circuits already described, and are 
calibrated from 0 to 18,0001b. Thesum of the tractive- 
effort readings of the dynamometers in use may be 
checked against the value given by the Amsler tractive- 
effort dynamometer. A pair of push-buttons with a 
warning light, opposite each tractive-effort dial, is 
used to control the electrically-operated needle valve on 
each dynamometer back-pressure valve. Thus, the 
braking effects of the dynamometers, and hence the 
power developed at each coupled axle, can be regulated 
independently. There are also on the control desk a 
thermometer for the dynamometer water outlet, 
push-buttons for master control of all dynamometers, 
push-buttons for the electrically-operated sluice valve 
on the dynamometer water-supply pipe, and various 
warning lights to protect the plant in the event of 
failure of lubricating-oil pressure, low water levels. 

The Amsler recording table, which is shown in Fig. 22, 
on page 492, is also in the control room, as indicated 
at ein Fig. 15. It is generally similar to the type used 
in dynamometer cars, except that certain instruments, 
an inertia-meter, for example, are omitted. The 
following functions are recorded: drawbar pull (in 
three ranges up to 96,000, 36,000 and 12, Ib.); 
speed in miles an hour; work done, in ft.-Ib., by an 
Amsler ball-type integrator; power at the drawbar, 


Fig. 16. 





















“‘Szetsyn”’ SPEED TRANSMITTER. 
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up to 4,800 h.p. ; time ; and the nominal distance run. 
The drawbar pull is also indicated on a Bourdon dial 
gauge, and another instrument shows the position of 
the needle valve of the drawbar-dynamometer dashpots. 
The recording paper can be advanced at a rate propor- 
tional to the “‘ distance run” or to time. 

A large panel on one side of the control room su 
ports various indicating and recording instruments for 
measuring temperatures of flue gases, inlet and exhaust 
steam, feed water, etc.; the boiler, steam-chest and 
exhaust pressures; and the smokebox, firebox and 
ashpan vacua. There are also instruments for the con- 
tinuous analysis of the smokebox gases. The overflow 
from the locomotive injectors drains into measuring 
tanks in the test-bed pit. 

Coal is stored in six 12-ton coal bunkers in an annexe 
to the main building, and is transported by an electric 
hoist and portable truck to the firing platform. This 
is provided with a coal-weighing machine indicatin 
up to 4,000 Ib. in increments of 2 lb., the weights o 
coal used being noted on a hand-operated recorder at 
the side of the machine. The coal is weighed in a 
hopper from which it is shovelled by the fireman. 
The firing platform is adjustable for height by hand 
to suit the locomotive footplate. Fig. 13 shows the 
platform, hopper and weighing machine. 

The test-house chimney is designed to avoid affecting 
conditions in the locomotive chimney. It can be 
moved along on rollers to suit the position of the 
locomotive chimney, and smoke is discharged through 
openings in the side of a chamber on the roof. A 
cross-section through this chamber and the upper part 
of the chimney is shown in Fig. 16. 

The main building of the test house is 171 ft. long 
and 66 ft. 6 in. wide, and is supported by a welded steel 
frame. A 15-ton overhead crane is provided. A shed 
on the north side of the test house has two engine roads 
and a 35-ton wheel-drop for the preparation, repair, 
etc., of locomotives. There are also a workshop and 
an administration building with a drawing office. 

In the initial stages of the design the advice was 
obtained of Mr. Pierre Place, at that time superintendent 
of the Vitry testing station of the French National 
Railways. 


On page 463, ante, a possible method of testing a 
locomotive in reverse gear was mentioned. We now 
understand that the station was not designed for this. 
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CONTRACTS. 


Messrs. W. G. BaGNalL Limirep, Castle Engine 
Works, Stafford, have received an order from the Gaekwar 
Baroda State Railway for ten “‘ ZB ’’-class 2 ft. 6 in. gauge 
locomotives of the 2-6-2 type, having cylinders of 12-in. 
diameter and a piston stroke of 18 in. Another order 
received from the same administration, earlier this year, 
was for seven “‘ A ”-class metre-gauge 4-6-0 locomotives. 
Other recent orders include two metre-gauge 0-8-0 side- 
tank locomotives for South America, and a 0-4-0 saddle- 
tank locomotive of 4 ft. 84 in. gauge for the National 
Coal Board. 


Messrs. PETER BROTHERHOOD, LIMITED, and Mrrt- 
CHELL ENGINEERING LIMITED, both of Peterborough, 
are manufacturing 24 transportable power stations for 
the Government of the U.S.S.R. The order comprises 
24 Brotherhood transportable 500-kW steam turbo- 
alternator sets with auxiliary equipment and water-tube 
boilers to generate steam for the turbo-alternator sets. 
These boilers are being manufactured by Mitchell 
Engineering Limited. 


Messrs. REDHEUGH IRON AND STEEL COMPANY (1936) 
LIMITED, Gateshead, Co. Durham, have received a con- 
tract from the Steel Company of Wales for the supply 
of blast-furnace cold-blast and gas mains and coke-oven 
gas mains. The total quantity involved is approximately 
2,700 tons. 


MEssRS. WHARTON CRANE AND Holst COMPANY, 
LIMITED, Reddish, near Stockport, are to provide two 
40-ton electric overhead travelling cranes to be installed 
at the Gateshead Works of British Railways (North 
Eastern Region), to replace two which have been in 
service for 43 years. 


Messrs. WRIGHT, ANDERSON AND COMPANY, LIMITED, 
Gateshead, have obtained the contract for the renewal 
of the superstructure of the bridge carrying the South 
Shields line of British Railways (North Eastern Region) 
over King-street, South Shields. * 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ FutnHaM X”: ERRATUM.—We regret that, in 
our notice of the trial trip of the Fulham X on page 452, 
ante, the construction of both the Diesel engine and the 
electro-magnetic slip coupling were attributed to Messrs. 
British Polar Engines, Limited, Glasgow. The engine 
was constructed by Messrs. British Polar Engines, as 
stated, but the slip coupling was manufactured by Messrs. 
British Thomson-Houston Company, Limited, Rugby. 


M.S. “ Karrawa.”—Twin-screw cargo vessel built by 
Messrs. Henry Robb, Limited, Leith, for the coastal 
services of the Union Steam Ship Company of New 
Zealand, Limited, Wellington. Main dimensions : 290 ft. 
(between perpendiculars) by 43 ft. by 19 ft. 6 in. to 
upper deck ; deadweight capacity, 3,030 tons on a mean 
draught of 17 ft. 3 in. Two six-cylinder Atlas Polar 
Diesel engines of 1,450 b.h.p., constructed by Messrs. 
British Polar Engines, Limited, Glasgow. Speed, 11 
knots. Launch, October 19. 


8.S. “ Kineston Sarpivus.”—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, for The Kingston Steam Trawling 
Company, Limited, Hull. Main dimensions: 182 ft. by 
30 ft. 6 in. by 16 ft.; gross tonnage, approximately, 700. 
Triple-expansion engines supplied by Messrs. Charles D. 
Holmes and Company, Limited, Hull. Trial trip, 
October 26. 


S.SS. “‘ Satvia ” anpD “ STEVIA.”—Single-screw trawl- 
ers, built and engined by Messrs. Hall, Russell and Com- 
pany, Limited, Aberdeen, for Messrs. Irvin and Johnson 
(South Africa), Limited, Cape Town. Main dimensions : 
130 ft. (between perpendiculars) by 25 ft. by 14 ft. to 
upper deck; gross tonnage, about 330. Both vessels 
fitted with triple-expansion engines of 600 i.h.p. Trial 
trips: s.s. Salvia on November 5 and s.s. Stevia on 
November 8. 


M.S. “‘ WESTBANK.’’—Single-screw cargo vessel for 
the carriage of fruit, latex and vegetable or fuel oils, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the Bank Line, 
Limited (Messrs. Andrew Weir Shipping and Trading 
Company Limited), London, E.C.3. Main dimensions: 
464 ft. 3 in. by 60 ft. by 29 ft. 3in. ; deadweight capacity, 
about 9,300 tons. Doxford five-cylinder opposed-piston 
oil engine giving a service speed of 14 knots. Trial trip, 
November 9. 


S.S. “‘ PRESIDENTE PERON.”—Twin-screw cargo liner, 
carrying 74 first-class passengers, built by Messrs. Vickers- 
Armstrongs Limited, Barrow-in-Furness, for the Instituto 
Argentino del Promocion del Intercambio, Buenos Aires. 
Main dimensions: 529 ft. 6 in. by 71 ft. by 47 ft. 6 in.to 
B deck; gross tonnage, about 14,500. Two sets of 
double-reduction geared turbines developing a maximum 
of 14,500 s.h.p. Speed 19 knots. Launch, November 3. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued Co British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Solid-Drawn Non-Ferrous Metal Tubing.—At the 
request of the petroleum industry, the Institution have 
undertaken the preparation of a series of standards 
specifically for that industry. The first in this series, 
B.S. No. 1464-1948, covering solid-drawn aluminium- 
brass and Admiralty-mixture brass tubes, has been 
issued. The specification provides for two classes of 
tubes for use in condensers and heat-exchange equip- 
ment and includes details of chemical composition and 
mechanical requirements. Details of tolerances are 
also included. [Price 2s. 6d., postage included.] 

Water Treatment for Marine Boilers.—A new British 
Standard Code of Practice, B.S. No. 1170, concerns 
the treatment of water for marine boilers. The 
severe conditions imposed by the late war caused 
trouble and delay, particularly to cargo steamers, and, 
at the request of Lloyd’s Register of Shipping, a sub- 
committee of the British Standards Institution was 
eo to consider whether greater attention to 
well-established principles of boiler management, 
combined with the chemical treatment of boiler water 
on modern lines, could be recommended to remedy, 
or at least to reduce, these troubles. The results of 
this inquiry are included in the present Code under 
two heads, namely, engineering factors and chemical 
factors, and instructions are given which should cover 
all normal working conditions. The Code describes 
that method of boiler-water treatment by which the 
scale and corrosion-forming salts are destroyed by 
alkaline reagents, with or without the use of an organic 
coagulant. It does not yet include methods by which 
organic compounds are used alone under certain 
operating conditions. Three methods of water treat- 
ment are prescribed, and abbreviated instructions for 
these three methods are given as data sheets in an 
appendix. The Code is in the form of a book containing 

pages and is bound in stiff cloth covers. [Price 
10s. 6d., postage included.] 





BOOKS RECEIVED. 


Metropolitan Water Board. Forty-Fifth Annual Report 
for the Year Ended 31st March, 1948. P.S. King and 
Staples, Limited, 14, Great Smith-street, Westminster, 
London, S.W.1. [Price 5s.]. 

The Beginner’s Guide to the Lathe. By PERCIVAL MaR- 
SHALL. Revised edition. By EpGar T. WESTBURY. 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, Kingsway, London, W.C.2. [Price 
3s. 6d. net.] 

Design for Welding in Mechanical Engineering. By 
Dirt. Ine. F. KOENIGSBERGER. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 18s. net.] 

The College of Aeronautics. Report No. 18. On the 
Integration of Hyperbolic Differential Equations. By 
A. Ropinson. Report No. 19. Flutter of Systems with 
Many Freedoms. By PRoFEssoR W. J. DUNCAN. 
Report No. 21. The Efficiency of Adiabatic Expansion. 
By Dr. A. W. MORLEY. Report No. 22. Note on the 
Efficiency of Adiabatic Shock. By Dr. A. W. MORLEY. 
The Librarian, The College of Aeronautics, Cranfield, 
Buckinghamshire. [Strictly limited issue ; copies free 
to approved firms, Institutions and official bodies.) 

Fldchentragwerke. LEinfiihrung in die Elastostatik der 
Scheiben, Platten, Schalen und Faltwerke. By Dr. 
TECHN. Dirt Inc. KARL GIRKMANN. Springer- 
Verlag Mélkerbastei 5, Vienna 1, Austria. [Price 
3! 178.) 

Lehrbuch der darstellenden Geometrie. By Dr. Emit 
MOLLER and Dr. Erwin Kruppa. Fifth and enlarged 
edition. Springer-Verlag, Mélkerbastei 5, Vienna 1, 
Austria. [Price 11. 108.] 

Verbr otoren-Lehrbilder. Compiled by PRroressor 
Dr. Lupwic RIcHTER. Based on PROFESSOR Dr. H. 
List’s Die Verbr kraft hi Springer-Ver- 
lag, Mélkerbastei 5, Vienna 1, Austria. [Price 16s.] 

Electric Lifts. .4 Manual on the Current Practice in the 
Installation, Working and Maintenance of Lifis. By 
R.S. Pamurrs. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 35s. net.] 

Practical Inspection of Oil Refinery Equipment. By 
J.F.SrracHan. Anglo-Iranian Oil Company, Limited, 
Britannic House, Finsbury-circus, London, E.C.2. 
[Strictly limited edition : a few complimentary copies 
for approved applicants.] 

Bibliography on Prestressed Reinforced Concrete. (Mimeo- 
graphed.) Bibliography No. 2. Engineering Societies 
Library, 29, West 39th-street, New York 18, U.S.A. 
[Price 4 dols.] 











PERSONAL. 


PrRoFEssOR J. A. S. Ritson, D.S.O., O.B.E., M.C,, 
T.D., B.Sc., has been re-elected President of the Instity- 
tion of Mining Engineers, Salisbury House, Finsbury- 
citreus, London, E.C.2, for the year 1949-50. 

At the annual geueral meeting of the Central Board 
of the Shipbuilding Employers’ Federation, 1, Chester- 
street, Grosvenor-place, London, 8.W.1, held in Edin- 
burgh on November 12, Mr. F. W. DUGDALE, B.Sc., 
M.I.N.A., M.I.Mar.E., was elected President for the 
coming year, in succession to SIR WILFRID AYRE, J.P., 
M.I.N.A. Sm Lawrie Epwarps, M.I.N.A., already a 
vice-president, becomes senior vice-president, while Mr. 
CHARLES CONNELL, M.A., M.I.N.A., and Mr. A. L. Cocu- 
RANE, M.I.N.A., were also appointed vice-presidents. Mr. 
R. S. CHrpcuaseE, C.B.E., M.I.N.A., was elected chairman, 
and Mr. Horace WIIs0N, M.I.N.A., vice-chairman, of 
the Conference and Works Board. 


MaJorR GENERAL A. M. CraliG, C.B., O.B.E., has been 
appointed to the boards of the Air Survey Company, 
Limited, and Aerographic Surveys, Limited, both of which 
are subsidiary companies of the Fairey Aviation Com- 
pany, Limited, Hayes, Middlesex. 

Messrs. R. W. GREGORY AND PARTNERS, consulting 
engineers, Pilgrim House, Newcastle-on-Tyne, 1, have 
taken into partnership, as from November 1, MR. F. E. 
HEPPENSTALL, B.Sc., A.C.G.I., A.M.I.E.E., who was 
lately with the North Eastern Electricity Board and 
formerly with the Newcastle and District Electric Light- 
ing Company, Limited. The name of the firm will 
remain unchanged. 


The Railway Executive (London Midland Region): 
announce that Mr. H. H. MatrHews, senior assistant 
architect, Civil Engineer’s Department, Euston, has been 
promoted to the position of principal assistant architect 
in the same department. Mr. J. GREENWOOD has been 
made district operating superintendent, London (Mid- 
land). Mr. J. C. RoGers is succeeding Mr. Greenwood 
as assistant district operating superintendent, London 
(Western) and Mr. A. D. CocHRan is succeeding Mr. 
Rogers as assistant district operating superintendent, 
Leicester. 


Mr. F. H. Morey has been appointed Principal 
Surveyor for Tonnage, Ministry of Transport, with effect 
from December 1, 1948, in succession to Mr. G. W. 
MorGAN, who is retiring. 

Mr, ASHLEY S. WaRD has retired from the chairman- 
ship of the Ketton Portland Cement Company, 
Limited, and has been succeeded by Mr. F. R. Staae, 
M.1.Struct.E., who is also joint managing director. Mr. 
R. F. Stace has been elected joint ging director 
and Mr. F. W. ROBINSON a director. 

Mr. W. A. M. ALLAN, M.I.C.E., 28, Victoria-street, 
London, S.W.1, honorary secretary of the Engineers’ 
Guild, announces that Mr. W. L. HENDERSON, 
A.M.I.E.E., has been appointed assistant secretary to 
the Guild. 

Mr. A. J. CATERER has been appointed sales repre- 
sentative of High Duty Alloys, Limited, Slough, Bucking- 
hamshbire, covering Scotland, Northern Ireland, North- 
umberland, Cumberland and Durham. He will operate 
from the firm’s area sales office at Winscales, Workington. 
(Telephone : Workington 581.) 

Mr. W. V. Grpson has been appointed general secre- 
tary and Mr. J. F. Hepiey deputy secretary of the 
Automobile Association, Fanum House, London, W.1. 

Mr. RONALD OGDEN has been appointed general 
secretary and public relations officer of the British Asso- 
ciation for Commercial and Industrial Education, in 
succession to COMMANDER EDWARD WHITEHEAD. 

Mr. R. BusHELL, M.Inst.W., until recently Midland 
sales representative of Sciaky Electric Welding Machines, 
Limited, Farnham-road, Slough, Buckinghamshire, has 
been appointed technical sales representative of the firm 
for the North of England. The address of Messrs. 
Sciaky’s Manchester office is 147, Woodhouse-lane East, 
Timperley, Cheshire. 

MEssrRs. Woops OF COLCHESTER, LIMITED, Colchester, 
Essex, announce that, on and after December 2, their 
London office will be removed to Fenwick House, 292, 
High Holborn, London, W.C.1. 

MEssRsS. JOHNSON AND PHILLIPS, LIMITED, Victoria- 
way, Charlton, London, S.E.7, have opened a new depot 
in Tunbridge Wells to serve the Kent and East Sussex 
areas. The new depot is situated in Kensington-street, 
Tunbridge Wells. (Telephone: Tunbridge Wells 90). 

Messrs. DAVID BROWN AND SONS (HUDDERSFIELD) 
LImIrED, Huddersfield, announce that their Bristol office 
will cover only the South-Western Counties in future. 
Its duties in the South Wales area have been transferred 
to the firm’s Birmingham office, at Prudential Buildings, 
Colmore Row. (Telephone: Colmore 4288.) 

Mr. C. W. ALLEN has been appointed full-time secre- 
tary of the British Association of Used Machine Tool 
Merchants, West India House, 96/98, Leadenhall-street, 
London, E.C.3, in succession to Mr. P. S. GALE. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—A high level of outputs is being com- 
fortably maintained, thanks to a steady supply of the 
necessary raw materials and to sound production 
methods ; the prospects of a record ingot total for the 
year become ‘brighter every day. While remaining 
vulnerable to any protracted interruption in the flow of 
supplies, the scrap tonnage is adequate for immediate 
requirements, while small surpluses at one or two points 
help to strengthen reserve stocks. It appears inevitable 
that the coal position in this country must be attended 
by some anxiety, but supplies are expected to be adequate 
to meet the needs of the steel industry until the end of 
1948 at least. Iron-ore shipments arrive ly, and 
there are considerable stocks for normal contingencies. 
Coke and limestone are also adequate for blast-furnace 
needs, and pig-iron production is well upheld. Home 
consumers are pressing strongly for delivery from steel- 
makers. Present export business in heavy steel and 
re-rolling products is on a more active scale than usual 
to fulfil orders under bi-lateral trade agreements. These 
tonnages are, of course, additional to ordinary quotas, 
and are due to be completed before the end of December. 
Billets are in slightly better supply, and re-rollers of 
bars and light sections are very busy. The sheetmakers, 
however, are the busiest of all. 


Scottish Coal.—Arrangements for distribution to con- 
sumers had to be modified to make up for the set-back 
in production in Ayrshire during the first week of the 
month, when over 25,000 tons were lost through strikes. 
To mitigate hardship the loss is being spread over the 
entire range of consumers wherever practicable, and with 
some help from outside areas a reasonably equitable 
and adequate fuel supply is being maintained. Lanark- 
shire provided a quantity of doubles and large coal, 
but the scope for assistance from that area has been 
narrowed owing to sub-standard outputs, the result 
largely of sporadic stoppages. There is evidence of the 
usual seasonal improvement in production, however, 
indicated already in slightly higher outputs in Fife and 
the Lothians, a welcome trend, as the divisional weekly 
average of about 475,000 tons, to date, is inadequate 
to meet marketing plans for expansion, particularly in 
the export field. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—The situation at Gwaun-Cae- 
Gurwen, where the men engaged at the two pits have 
been on strike this week following their refusal to accept 
a@ new price list which was fixed for the pits by umpires, 
is still unchanged. The Divisional Coal Board has 
decided to close the pits because of the unsatisfactory 
output. During the week the men’s union have urged 
them to return to work and have promised to intervene 
on their behalf and ask the Coal Board to reconsider 
the question of closing the pits. Two other pits in 
Monmouthshire, Blaendare Colliery, employing 143 men, 
and Islwyn Colliery, with 72 colliers, are to be closed. 
The men will be transferred to seven neighbouring 
collieries. A proposal to close the Tareni Colliery, which 
employs 294 men, is under discussion. Trading conditions 
have remained difficult on the steam-coal market through- 
out the past week. There has been a sustained demand 
both from home and overseas comsumers but the amount 
of new business that could be handled for early delivery 
was strictly limited. Order books were already very 
well filled with business from the principal inland 
consumers and, consequently, it did not seem possible that 
allocations for export would be increased for some time 
to come. Spanish business, which had been showing 
an improvement of late, has been quieter during the 
week owing to a recurrence of payment difficulties. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was little, if any, change in tin- 
Plate business activity. The demand was good and the 
volume of business done was on a satisfactory scale 
and in line with production. The export market 
remained quiet as makers, after providing for the home 
market, had only limited quantities to sell for delivery 
during the current quarter. Steel sheets and iron and 
steel scrap continue to be in great demand. 





THE WORK OF THE FacToRY INSPECTORATE.—A film, 
recently prepared by the Central Office of Information, 
Norgeby House, 81, Baker-street, London, W.1, is 
intended to describe the duties likely to be performed 
by one of H.M. Inspectors of Factories in the course of 
24 hours. This it does quite satisfactorily in the space 
of about 15 minutes, by emphasising how the regulations, 
which, have been made to safeguard the employees, are 
administered ; and showing the part that the inspector 
himself plays in improving conditions and making use of 
the experience gained from accidents. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production continues to expand 
and it is predicted that Sheffield will produce more than 
the 2,000,000 tons which is its share of the 14,500,000 
national target for the year. Latest returns show that, 
during September, the weekly average production of 
ingots and castings reached 42,000 tons. This was 
2,500 tons higher than the weekly average for the first 
nine months of the year, and that in spite of the con- 
tinued shortage of some materials. Fortunately, the 
delivery of iron and steel scrap continues to improve, 
and the make of local brands of pig iron is well maintained 
with more plentiful supplies of hard coke. There is 
some slackness in the demand for high-speed tool steels, 
and production facilities are very much greater than 
they were in pre-war days. Continued pressure is 
exerted to secure quicker deliveries of coal-mining 
machinery and equipment. Sections of the tool trades 
are fully occupied and have well-filled order books, 
notably in edge tools of all classes, and plantation tools 
for export, but cutlery factories could handle a great 
deal more business to replace export trade which has 
fallen off considerably. The railways are pressing for 
deliveries of castings and forgings for the construction 
and repair of locomotives and carriages. 


South Yorkshire Coal Trade.—Further improvements 
of output at several collieries have provided more coal 
in spite of some unofficial strikes. The demand is 
stronger in all sections. More coal is being allocated to 
the steel trades to permit of building up stocks to safety 
point for the winter. Coking coal deliveries are more 
satisfactory in volume if not always in quality, and the 
make of blast-furnace coke is adequate. Gas coke is in 
very plentiful supply. The demand for gas coal is much 
stronger. The movement of large coal to the Humber 
ports for shipment abroad is on a growing scale, and 
there is an active call for coastwise shipments. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Conditions in North-East Coast 
iron and allied trades change slowly. Fortunately, 
supplies of most descriptions of raw material are main- 
tained on a scale that enables makers of sémi-finished 
and finished commodities to increase steadily their 
already enormous outputs. At the same time, however, 
the pressure for bigger supplies of material for essential 
home purposes is unabated and inquiries from overseas 
customers continue numerous and heavy. The yield of 
the Cleveland ironstone mines has now risen to nearly 
21,000 tons a week and further continued gradual 
expansion of output is expected. Imports of high-grade 
foreign ore are maintained at a high level and consumers 
have fairly good stocks. Deliveries of iron and steel 
scrap are substantial, but the demand is as keen as 
ever, consumers being anxious to accumulate tonnage 
for winter needs. Pig iron is still wanted in considerably 
larger quantities than are coming forward and the 
demand for semi-finished and finished commodities is 
still much greater than producers can provide. A new 
record make of steel in October confirmed general 
anticipation, but the rate of expansion has eased and the 
opinion prevails that more tonnage cannot be extorted 
from hard-driven plant until new equipment in course 
of construction is brought into use. 


Foundry and Basic Iron.—Users of ordinary foundry 
pig iron have great difficulty in securing quantities 
sufficient to deal with current essential needs. None 
has been produced on Tees-side for a considerable time 
and the occasional make of a special foundry quality is 
eagerly taken up as it becomes distributable. Foundries 
in the North-East area have a great deal of work in hand. 
They are drawing their iron supplies almost entirely 
from the Midlands and long railway haulage from that 
distant quarter is largely responsible for occasional unfor- 
tunate delay in delivery. The production of the basic 
blast-furnaces continues to move promptly into consump- 
tion at makers’ adjacent steel plants. 

Hematite, Low Phosphorus and Refined Iron.—East- 
coast hematite firms manage steadily to meet urgent 
immediate needs of regular customers, but are still 
unable to comply fully with earnest requests for bigger 
deliveries for stock building. Consumers of low and 
medium phosphorus grades of iron would welcome larger 
parcels than they are receiving. Manufacturers of 
refined iron have as much work as they can handle. 


Manufactured Iron and Steel.—Semi-finished. and 
finished ironworks are well employed and héive good 
contracts to execute. Steel semies are still wanted in 
larger parcels. Users of small billets, sheet bars and 
wire rods continue keen to place new orders. Makers 
of finished steel have extremely extensive contracts to 
deal with. A few more licences have been granted for 
the export of rolled steel. 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 22, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ Single-Phase to Three-Phase Conversion 
Systems,” opened by Mr. A. N. D. Kerr. North-Hastern 
Centre : Monday, November 22, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ Projects Favourable to Direct- 
Current Transmission,” by Mr. F. J. Erroll and Lord 
Forrester. Radio Section: Tuesday, November 23, 
5.30 p.m., Victoria-embankment, W.C.2. “ Printed 
Circuits, Miniature Components and Sub-Miniature 
Valves,” by Mr. J. E. Rhys-Jones. Scottish Centre: 
Tuesday, November 23, 7 p.m., Royal Technical College, 
Glasgow. ‘‘ Standardisation of Switchgear,’’ by Messrs. 
D. E. Lambert and J. Christie. North-Midland Centre : 
Tuesday, November 23, 7 p.m., City Museum, Park-row, 
Leeds. Film: ‘“ Atomic Physics.” North-Western 
Centre: Wednesday, November 24, 6.45 p.m., Harris 
Institute, Preston. ‘ Economic Utilisation of Electri- 
city,” by Mr. R. B. Giles. London Students’ Section: 
Wednesday, November 24, 7 p.m., Victoria-embankment, 
W.C.2. ‘* Patents and the Electrical Engineer,”’ by Mr. 
L. H. A. Carr. 

INSTITUTION OF MECHANICAL ENGINEERS.— FY orkshire 
Branch: Monday, November 22, 7 p.m., Royal Victoria 
Station Hotel, Sheffield. Chairman’s Address on “‘ Anti- 
Corrosion Measures for Steel Structures,” by Mr. W. A. 
Johnson. Institution: Friday, November 26, 6 p.m., 
Storey’s-gate, S.W.1. ‘“‘ Modernisation of a Coal-Dis- 
charging Depot,” by Mr. G. T. Shoosmith. AUTOMOBILE 
Division. Birmingham Centre: Tuesday, November 23, 
6.45 p.m., James Watt Institute, Birmingham. Chair- 
man’s Address, by Mr. R. Pentony. North-Western 
Centre : Wednesday, November 24, 7.15 p.m., Engineers’ 
Club, Manchester. ‘“ Engineering of a Modern All-Metal 
Body,”’ by Mr. E. 8S. White. Western Centre: Thursday, 
November 25, 6.45 p.m., Royal Hotel, Bristol. ‘‘ Rubber 
as a Stress-Carrying Material,” by Mr. S. W. Marsh. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, November 22, 7.30 p.m., 198, West-street, Shef- 
field. Presidential Address, by Mr. P. W. McGuire. 
Institution: Friday, November 26, 6.30 p.m., 39, 
Victoria-street, S.W.1. ‘‘ A Treatise on Air Filtration,” 
by Mr. M. R. G. Morton. 

Roya Society or ArtTs.—Monday, November 22, 
8 p.m., John Adam-street, W.C.2. ‘‘ Technical Aspects 
of Television,’’ by Mr. L. H. Bedford. 

INSTITUTE OF FUEL.—Tuesday, November 23, 2.30 
p.m., Institution of Mechanical Engineers, Storey’s-gate, 
S.W.1. Short papers on “ Costing of Heat and Power,” 
by Messrs. J. R. Rylands, B. C. Newbury and G. W. 
Pirie. North-Western Section: Wednesday, November 
24, 2 p.m., Engineers’ Club, Manchester. ‘‘ Automatic 
Control of Steam-Raising Plant,” by Mr. J. E. O’Breen. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 23, 5.30 p.m., Great George-street, S.W.1. ‘“‘ The 
Behaviour of Steel Frames in the Plastic Range,” by 
Professor J. F. Baker. Yorkshire Association: Friday, 
November 26, 7 p.m., Royal Victoria Station Hotel, 
Sheffield. ‘‘ Economic Survey as Applied to Civil Engi- 
neering,’”’ by Mr. W. E. De Courcy Hamilton. 

INSTITUTE OF TRANSPORT.— Metropolitan Graduate 
Society : Tuesday, November 23, 6 p.m., 80, Portland- 
place, W.1. Annual General Meeting. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
November 24, 3 p.m., Whitehall, S.W.1. ‘“‘ Sea Raiders 
in the 1939-45 War,” by Comdr. E. K. St. J. Morgan. 

CHEMICAL SocreTy.—Thursday, November 25, 2.30 
p.m. and 7 p.m., Imperial College of Science, S.W.7. 
Discussion on “‘ The Theory and Practice of New Tech- 
niques in Separation and Purification,” arranged by 
Dr. R. P. Linstead. 

RoyaL AERONAUTICAL SocrETy.—Thursday, Novem- 
ber 25, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘‘ Development of the Armstrong 
Siddeley Mamba Engine,” by Mr. W. H. Lindsey. 

INSTITUTION OF STRUCTURAL ENGINEERS AND INSTI- 
TUTE OF WELDING.—Thursday, November 25, 6 p.m., 
11, Upper Belgrave-street, S.W.1. ‘“‘ Curved Bridges 
and Why They Should be Welded,” by Dr. H. Gottfeldt. 

NoORTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 26, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. Annual Meeting. “Ship 
Structural Members—Part IV,” by Mr. C. J. G. Jensen. 

MANCHESTER STATISTICAL SocrETy.—Friday, Novem- 
ber 26, 6.45 p.m., 16, St. Mary’s Parsonage, Manchester. 
* Statistical Solution of an Industrial Problem,”’ by Mr. 
W. T. Hale. 

Roya PHoToGeRaPHic Society.—Scientific and Tech- 
nical Group: Friday, November 26, 7 p.m., 16, Princes- 
gate, S.W.7. ‘The Reproduction of Radiographs,” by 
Messrs. H. S. Tasker and K. H. Gaseltine. 
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35 & .5, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
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CINEMATOGRAPHY IN 
SCIENTIFIC RESEARCH. 


Ir is anomalous that cinematography, regarded by 
some of its pioneers as a promising means of prose- 
cuting scientific research, should have its merits 
for that purpose recognised somewhat belatedly, in 
viéw of the advanced stage of technical perfection 
to which the cinema has been developed for public 
entertainment. That neglect was probably due to 
the considerable cost of the minimum equipment 
essential for taking, processing and projecting 
pictures of high quality at a time when scientific 
research was less generously endowed that it is 
to-day. The commercial success of the entertain- 
ment film, on the other hand, was rapidly established, 
and inventors and manufacturers naturally gave 
their major attention to cameras having relatively 
low taking speeds, as being more profitable than the 
special needs of scientific investigation for devices 
to record phenomena outside the range of human 
vision. During the past 15 years, however, advances 
in numerous aspects of photography have made it 
possible for high-speed cinematograph cameras to 
be sold at prices which research can nowadays 
afford, so that laboratories embracing a wide range 
of sciences are making increasing use of cinemato- 
graphy as an ordinary method of investigation. In 
addition, the technology of high-speed cinemato- 
graphy has been the subject of intensive investiga- 
tion for a number of years, leading to some really 
striking developments. 

One result of the growing interest in scientific 
cinematography is the desire of its practitioners to 
learn what others are doing, to hear how they are 
doing it, and generally, by exchange of information, 
to enlarge the scope of the subject and its service to 
mankind. The last point gains importance from 
the potentialities of the film as a medium of visual 
education and a means of surmounting the barriers 
of language in disseminating new information. 
Promotion of the national and international use of 
scientific films in order to achieve the widest 
possible understanding and appreciation of scien- 
tific method and outlook, especially in relation to 
social progress, was the first object of the Scientific 
Film Association when it was formed in 1943, 


While the war lasted, its activities were restricted 
to encouraging a wider use of scientific cinemato- 
graphy, but it has been possible during the past two 
years to make some progress with the long-term 
programme, more particularly in making contact 
with individuals, laboratories and societies interested 
in research films overseas. The outcome was an 
International Scientific Film Congress, organised 
with the assistance of the British Film Institute, 
which was held in London during the second week 
of October. 

In the course of these proceedings, a number of 
films were exhibited as examples of work being done 
in various laboratories overseas ; and the presence 
in London, both of the films and, in many instances, 
of the scientists who had taken them, provided a 
unique opportunity on Tuesday, October 12, for a 
whole-day conference on the special aspects of the 
film in scientific research, over which Sir Robert 
Watson-Watt, F.R.S., presided. The lecture theatre 
of the Royal Institution was a most appropriate 
place for the discussion and projection of a succes- 
sion of illustrative film extracts, and the high stan- 
dard of presentation and debate sustained by the 
distinguished lecturers and their large audience 
demonstrated, no less than the range of subject 
matter, that cinematography is playing a significant 
part in the advancement of research, from pure 
science to industrial engineering, and that its scope 
as well as its effectiveness in experimental work will 
grow henceforward at a steadily increasing rate. 

It is desirable, perhaps, to point out that the 
term ‘’ cinematography ”’ connotes a succession of 
pictures showing movement, and therefore covers 
time-lapse photography, whereby events occurring 
at long time intervals are viewed at an accelerated 
rate, as well as photography at speeds the same as 
or higher than those of subsequent projection. The 
film can thus be regarded as a macroscope as well 
as a microscope of time, in either of which capacities 
its freedom from many limitations of human vision, 
its imperturbable acceptance of fatiguing or dan- 
gerous surroundings, and its perfect memory are 
only a few among many factors that recommend it 
for scientific work. Illustrating these qualities, 
films were shown at the Conference in which the 
time interval between successive pictures ranged 
from hours to one ten-millionth of a second, the 
results in all cases being manifestly instructive 
when projected at normal speed. ‘There were 
time-lapse pictures of the structural changes in 
steel, the growth of sodium-nitrate crystals, and 
the formation and decay of solar flares. In such 
examples, cinematographic presentation at a pace 
with which the human eye and memory can cope 
simultaneously not only clarifies what is taking 
place, but often reveals unsuspected relationships 
which may prove to be of significance. 

Similar advantages apply to the opposite extreme 
of taking-speed, but with added emphasis, inasmuch 
as the eye, unaided by its cinematographic time 
microscope, not only can see very little indeed of 
rapidly transient phenomena, but may gain a 
completely false impression of what is happening. 
Although a certain amount has been divulged, and 
more can be easily imagined, of the applications of 
high-speed cinematography during the war, especi- 
ally in the study of ballistics and explosions, the 
Conference films showing electric surge effects, 
high-voltage sparks, and the fracture of safety glass 
by impact, were a useful reminder of what cinema- 
tography can do for engineering by feasible exten- 
sions of techniques with which many industrial 
scientists are already familiar. To say feasible, how- 
ever, is not to mean easy ; and the transition from a 
compact self-contained camera, which will take at 
speeds up to a few thousand frames per second, to 
the krypton lamp or the Kerr cell for photography 
near the upper limits of taking speed so far reached, 
is at present a considerable achievement in filming 
technology. Such films are correspondingly expen- 
sive to produce and, in common with cinema records 
of many types of transient phenomena, are no longer 
than is requisite for completeness. When that length 
at normal projection speed hardly suffices for the 
observer to grasp all the detail in one showing, it 
is a good plan to join the ends of the film so as to 
form a loop which can then be conveniently run 





through the projector as many times as desired. 
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This simple expedient exemplifies the idea of 
adapting cinephotography, by combining it with 
other, mainly optical, devices, to fields of scientific 
investigation offering almost inexhaustible possi- 
bilities. The reference already made to periodic 
photography of prominences on the sun, by 
means of a telescope and spectroscope, can be easily 
foreseen extended to a fascinating series of astro- 
nomical movements among which there is scope for 
the high-speed as well as the time-lapse film. Cine- 
matography through the microscope has already 
been extensively and successfully employed to reveal 
such things as the division of living cells and the 
behaviour of microbes and animalcule. In con- 
junction with X-rays, the cinema reveals with 
astonishing clarity all manner of physiological pro- 
cesses, ranging from the articulation of bones to 
what Sir Robert Watson-Watt delicately referred 
to as “the intimacies of digestion.” From filming 
the intricacies and defects of the human body it is 
obviously only a short stage to doing the same sort 
of thing for mechanisms or physical and chemical 
processes within opaque enclosures, and the German 
Rénigenblitz apparatus was employed during the 
war for taking high-speed X-ray pictures of shaped 
charges during detonation. 

The attractive prospect of studying the behaviour 
of materials by combining cinematography with 
radiology or the diffraction microscope suggests 
other and similar applications, of which typical films 
have been made already. Metallurgical operations 
involving incandescent metals and oven gases, for 
instance, have been filmed by excluding the direct 
light from the camera by optical filters, and photo- 
graphing by subsidiary ultra-violet light on film 
coated with an appropriately sensitive emulsion. 
There are many aspects of welding in which films 
taken with invisible radiation are likely to yield 
information worth a great deal of trouble to obtain. 
Filming by infra-red illumination, exemplified by 
the action of the human eye subjected to inter- 
mittent glare, offers interesting possibilities, while 
the many uses of colour film include cinephoto- 
graphy by polarised light and a vast, largely unex- 
plored, field of engineering research with photo- 
elastic models. In many such problems the effects 
of impact loading demand extremely high taking 
speeds, but the scope for films which can be made 
without anything very special in the way of tech- 
nique is still wider than can be envisaged and 
embraces a large part of industry. 

If the potentialities of the cinema in research can 
be less easily surveyed than left to the imagination 
and future developments, the same is equally true 
of research into the cinema. From what has been 
said of films already taken, tribute is deservedly due 
to the scientists, many of them engaged in the 
photographic industries, whose work has led to film 
emulsions sensitive to an astonishing range of the 
known spectrum, cameras and projectors that are 
marvels of intricate mechanism, optical components 
and assemblies of high fidelity, and a remarkable 
diversity of illuminating apparatus. True to type, 
they are more concerned about problems unsolved 
than actual accomplishments, and can be relied on to 
make all reasonable progress towards such achieve- 
ments as stereoscopic cinematography, which will 
enhance the value of films in scientific research. 

Where scientists may not feel quite so com- 
pletely assured is in the methods to be adopted for 
producing films for public exhibition. The finished 
style of most modern films of this character can be 
regarded rightly as good manners due to the public. 
Admittedly, also, a scientific film usually needs to 
be edited to improve its educational appeal. Since, 
however, these activities lie largely outside the 
interests of the scientist whose work is being 
described, the risk that a film may convey a false 
impression, or for the sake of simplification present 
an apparent result which needs qualification to be 
strictly true, or make premature and sensational 
claims, is one that scientific workers will not con- 
template with equanimity. They are the origina- 
tors of the research film, their continued goodwill is 
essential to the diffusion of scientific truth by its 
aid, and, therefore, their opinion ought to be sought 
and put into effect at all points, not excluding the 
relation between the nature of the film and the type 
of audience for whom it is intended. 








PRODUCTION EFFICIENCY. 


Tue standard of living in any country is deter- 
mined by the average output in goods or services 
of its inhabitants. In individual cases, this simple 
proposition may be subject to reservations; for 
many years, a spurious prosperity may be attained 
by living on capital, or the well-being of a com- 
munity may be added to by returns from capital 
invested overseas in earlier years. In this latter 
case, however, theinvestments will have to have been 
made possible as a result of work done in the past. 
As has been accentuated, time and again, by Govern- 
ment and other speakers, the economic position of 
Great Britain has been greatly weakened by the 
loss, during the war, of a large part of her capital 
holdings in other countries. It is not usually added 
that the prosperity of by-gone times was apparently 
based to a considerable extent on returns from such 
Overseas investments, and that the level of output 
of the country as a whole was not in itself high 
enough to sustain the standard of living which was 
then enjoyed. 

General satisfaction with the position and the 
prospects, however, was not altogether unalloyed, 
and various agitations or campaigns, centring 
around catchwords, were conducted by public 
speakers and newspapers. To the best of our 
recollection, the first of these was based on the 
word “efficiency,” which was used in a general 
sense and without any specific meaning. This 
particular activity owed its origin to the growing 
competitive power of German industry. Later, the 
term “‘ rationalisation ’” was substituted ; its mean- 
ing being equally indefinite. In relatively recent 
times the word “‘ planning ” has come into favour, 
butsome present-day activities have tarnished a little 
the glamour of this later version. This series of 
rallying cries directed to the stimulation of industrial 
production did not enjoy an uninterrupted run, and 
in the trade slump between the wars a thing called 
“technological unemployment” was canvassed. 
This term, if it meant anything, meant that efforts 
to increase productivity by the introduction of 
improved machines were undesirable, as they would 
result in an increase in the number of unemployed. 
Its message was directly opposed to that of the 
catchwords that preceded and followed it; the 
fact that all experience has shown that decreases 
in cost and increases in supplies made possible by 
mechanisation have always resulted in the extension 
of industrial activity was ignored. 

It would not be correct to say that the term 
“* production efficiency” is the latest form of the 
national catchword with which politicians and 
publicists attempt to stimulate the industrial pro- 
duction of the country, but it may become so; it 
is being widely used and both these classes of 
individual are fond of ready-made phrases. The 
term, however, is of narrower scope than “‘ rationali- 
sation ” and other of the earlier forms. It clearly 
applies to industrial activity, but this is not the 
only type of activity on which the extraction of the 
country from its present position depends. It 
might diffidently be suggested, that “‘ administrative 
efficiency’ may be of equal importance. In a 
paper read at the conference of the Institution of 
Production Engineers and the Institute of Cost and 
Works Accountants, held on November 5, and 
referred to on page 471, ante, Mr. W. C. Puckey said 
that the average productivity of an employee in 
American manufacturing industry was represented 
by a figure of 2-2 as compared with 1 for a corre- 
sponding individual in Great Britain. It is common 
knowledge that the former is backed by a much 
larger capital investment in the form of specialised 
machines and power supply, and it is reasonable to 
ask to what extent administrative efficiency is 
displayed in this country in the imposition of a 
taxing system designed to enable manufacturing 
firms to devote an adequate part of the proceeds of 
their industry to the re-equipment of their shops, 
following nearly ten years of war and its aftermath. 

Exhortation directed to the improvement of pro- 
duction efficiency has been aimed mainly at manage- 
ments who are told to improve their manufactur- 
ing methods, shop lay-outs and machinery equip- 
ment, and, although it cannot be claimed that all 
this advice is superfluous, it would be refreshing if a 


little more of it could be devoted to pointing out 
that the best will not be made of new machines 
unless labour is prepared to allow full advantage to 
be taken of their possibilities. Some recent inci. 
dents suggest that this condition has not been 
reached. As, however, management represents 
one of the main factors which determine that 
production shall be efficient, the fact that some other 
determinants in the total sum may not be pulling 
their weight is not an adequate reason why those 
who are responsible for management activities 
should not strive to reach the highest possible 
level of works procedure. 

In this matter, it is probable that the engineering 
industry has a better record than many of the older 
traditional craft trades. Although enginecring 
itself has grown from a craft, it has become a nation- 
wide example of the practice of applied science, and 
it is reasonable to suppose that those whose outlook 
is necessarily scientific will readily and easily extend 
scientific method from design to shop procedure, 
This is not to say, however, that engineering 
management has nothing to learn, and the British 
Engineers’ Association has performed a useful ser. 
vice in issuing a monograph bearing the title 
Production Efficiency: the Contribution of the 
Engineering Industry. This publication covers the 
various aspects of industrial and workshop procedure 
from the design office, through production to inspec- 
tion, dealing also with budgeting and financial 
control. 

There are many books dealing with the various 
aspects of manufacture and this monograph con- 
tains a bibliography giving the titles of 56 publica- 
tions concerned with one or other aspect of the 
broad subject. The monograph is not intended to 
supersede these and does not pretend to constitute 
a@ summary of all that they contain. The general 
survey of the whole field which is presented may, 
however, contain information or suggestions which 
may be new even to those well practised in the 
general subject, and in any case a broad treatment 
may tend to correct over emphasis on one particular 
aspect of a wide and complicated field. The 
conference of the Institution of Production En- 
gineers and the Institute of Cost and Works 
Accountants was concerned with the measurement 
of productive efficiency, and it was emphasised 
that an adequate record system must be the basis 
of successful practice, but this important matter is 
by no means the only one to which a board or a 
general manager has to give attention. Manufac- 
turing-cost records may show that the introduction 
of new machines is desirable, but the memorandum 
points out that “the introduction of mechanical in 
place of human labour is not always well received 
by the employees.” Considerations of this sort 
introduce complexes into the sphere of management 
which cannot be resolved by accountants’ figures. 

The second part of the title of this monograph, 
The Contribution of the Engineering Industry, is not 
apparently intended to mean that that industry 
has some panacea which can be applied to other 
industries to enable them to increase their efficiency. 
The booklet is concerned with the problems which 
the directors of an engineering firm have to face 
and attempt to solve. These include the study of 
sales organisation and the relation of research and 
designs development to the requirements of the 
market. In the field of research, engineering stands 
in the front rank, but even the remarkable activities 
of some large firms in this matter have had to be 
related to commercial possibilities and monetary 
returns. A proper shop costing system will show 
whether some particular type of machine is being 
made at a profit or a loss, and may indicate that the 
re-design of some individual part might turn the 
latter into the former. A costing system, however, 
will not show whether a piece of research work, 
extending perhaps over years, will ultimately pay 
for itself. The results of such a piece of work may 
in due course considerably increase production 
efficiency, but there are no terms in which that 
possibility can be measured. The matter is one for 
broad views and instructed judgment, and the 
survey of the whole field which has been made by 
the British Engineers’ Association should be of 
assistance in enabling those broad views to be 





attained and maintained. 
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NOTES. » 
Tue Iron anv Sree. Bu. 

Arrer three days of a debate which deserved 
much more space than the daily Press were able 
to give to it, the Bill for the nationalisation of the 
British iron and steel industry secured its second 
reading in the House of Commons on Wednesday, 
November 17, by 373 votes to 211. The result, of 
course, was a foregone conclusion in view of the 
Government’s majority in the House, but represents 
probably the heaviest vote that the Opposition 
could register in any circumstances short of a 
wholesale defection of Government supporters, as 
only five Conservative Members, five Independents, 
and three of the 13 Liberals failed to vote; an 
“ absenteeism ”’ rate which could hardly be reduced 
in practice. The second reading debate was opened 
on Monday by Mr. G. R. Strauss, M.P., the Minister 
of Supply, whose arguments in favour of the Bill 
consisted mainly of assertions that the continued 
existence of both public and private interests in 
steel supply were incompatible with efficient pro- 
duction, that national security necessitated public 
ownership of the industry, and that private interests 
should not have it in their power to dominate an 
industry which was so vital to the economic welfare 
of the country. The Opposition case was put, in 
the first instance, by Mr. Oliver Lyttelton, M.P., 
who claimed that the progress made by the industry 
under private ownership was the best possible 
argument for leaving it in hands which had such a 
good record of efficient operation. The most 
important speeches on the second day of the debate 
were those of Mr. Winston Churchill, Sir Stafford 
Cripps, and Sir John Anderson. Mr. Churchill’s 
antagonism to the Bill was based mainly on ques- 
tions of national policy, a denial of the Government’s 
justification for attempting to nationalise the indus- 
try, and the effect that nationalisation might be 
expected to have on the export market in steel. 
Sir Stafford Cripps spoke in defence of the proposed 
terms of compensation (based on Stock Exchange 
prices), which had been criticised by Sir John 
Anderson on the ground that the uncertainty 
regarding the industry’s future had depressed prices 
below the true value of the shares. On Wednesday, 
a powerful speech against the Bill was made by 
Sir Andrew Duncan, who, as chairman of the British 
Iron and Steel Federation executive, was able to 
adduce authoritative statistics which, significantly, 
the Government supporters made no attempt to 
question. He was followed by Mr. Anthony Eden, 
for the Opposition; and Mr. Herbert Morrison 
wound up the debate for the Government. After 
the debate on the Bill, an Opposition motion was 
put, that the Bill should be referred to a committee 
of the whole House ; but this also was defeated, the 
voting being 366 against the motion and 212 in 
favour. 


Tue InstrruTIon OF MECHANICAL ENGINEERS. 


A meeting of the Applied Mechanics Group of 
the Institution of Mechanical Engineers was held 
at the Institution, Storey’s-gate, London, S.W.1, on 
Friday, November 12, when a paper was presented 
by Mr. I. M. Davidson, B.Sc., on ‘‘ Some Properties 
of the Compression Shock as in Turbine and Com- 
pressor Blade Passages.”” The generalised theory, 
said Mr. Davidson, had been known for some 40 
years, but only recently had appreciable progress 
been made in applying it in engineering practice. 
In ballistics and in aircraft engineering, shock was 
generally regarded as an undesirable phenomenon ; 
but, in the fluid dynamics of gas turbines a stage 
had now been reached in which it must be regarded 
as a potential aerodynamic tool of considerable 
consequence. Dealing first with the isentropic 
expansion of a compressible fluid and the classical 
compression-shock theory, he proceeded to give a 
number of definitions of the various forms of single 
shock, and to describe and classify them. The 
phenomena associated with shock-wave reflection 
and boundary-layer interaction were then con- 
sidered, and examples were given of shock effects 
in aircraft and in gas turbines, as experienced in 
practice. A notable feature of the discussion was 
the exhibition of a number of excellent Schlieren 
photographs of shock effects. 


PRODUCTIVITY AND MECHANISATION. 


At a Press conference, which was held at 12, 
St. James’:-square, London, 8.W.1, on Thursday, 
November 11, the Chancellor of the Exchequer 
(the Rt. Hon. Sir Stafford Cripps) referred to the 
report of the Anglo-American Council on Produc- 
tivity. In this it had been pointed out that the 
greater output per man-hour in many industries in 
the United States was largely due to the fact that 
the amount of energy available per man was about 
twice that in this country. While agreeing with 
this statement, Sir Stafford, however, reminded his 
hearers that about 20 per cent. of our national 
income was being used to build up our capital 
assets in the cause of productivity ; and we could 
not go much beyond that. The extent to which 
we could re-equip our industries was, in fact, limited 
by the necessity of increasing our export trade. In 
the third quarter of 1948 we had exported nearly 
twice as much machinery and nearly 2? times the 
volume of vehicles (including locomotives, ships and 
aircraft) as we had in 1938. Moreover, in the first 
half of the year we had manufactured 1641. million 
worth of machine tools, of which 104/. million 
worth had been retained at home. In the first 
three quarters, 125,000 commercial vehicles had 
been made, half of which were for export. In the 
first eight months, the boiler makers had produced 
1841. million worth and sold 114/. million worth of 
plant for use at home; while the figures for valves 
and pumps were 18l. million made and 12/. million 
retained. Our exports of machinery and vehicles 
could not be reduced without putting something 
else in their place ; otherwise our power to import 
the raw materials necessary to keep our own 
machines running would be jeopardised. It might 
therefore be said that every effort was being made 
to increase and modernise the tools of British 
industry ; and the supplies of equipment to the home 
market would be increased whenever the chance 
occurred. Nevertheless, unless, with our existing 
labour force, we continued to increase our output 
per head substantially, we could not expect to see 
a further improvement in the overall level of 
production. The question of productivity, there- 
fore, must be tackled in all earnestness by both 
managements and men, since we were now, and 
should be for as long as we could see into the 
future, engaged in a competition in overseas mar- 
kets, which would demand every economy that 
efficiency and high productivity could give us. 


THE DisposaL oF SuRPLUS MACHINE TOOLS. 


The Minister of Supply has been approached by 
the British Association of Used Machine Tool 
Merchants, West India House, 96-98, Leadenhall- 
street, London, E.C.3, with the suggestion that, in 
the national interest, auction sales of the remaining 
stocks of Government-owned machine tools should 
cease immediately. It may be recalled that in 
1944 the Government set up an organisation to 
distribute surplus machine tools to British industry 
at reasonable prices ; and thus to encourage the use 
of modern and the scrapping of obsolete or worn-out 
machines. This object, which was given the whole- 
hearted support of the second-hand machine tool 
trade at the time, has now been largely achieved. 
There remains, however, a ‘‘ hard core ” of machines, 
such as, for example, internal grinders, the produc- 
tion of which during war time far exceeded any 
possible peace time use. Naturally therefore, the 
results of auctioning these machines are that the 
prices obtained are only a fraction of their original 
cost and a still smaller fraction of their replacement 
value ; and that although a few may pass into stock 
the large majority will be scrapped. On the other 
hand, such machines would be vital if war, or even 
re-armament, were forced upon the country. Any 
machines which cannot be sold should therefore, in 
the opinion of the Association, be stored and scrap- 
ping at least should cease. This important question 
is still ‘‘ under consideration.” It appears, how- 
ever, that the chances of the proposed policy being 
adopted are not very favourable, since, in reply to a 
question by Captain J. Crowder in the House of 
Commons on Monday, November 15, the Minister of 
Supply (the Rt. Hon. G. R. Strauss) said that the 





auction sales would not be stopped, although he 
offered some comfort by stating that it was the 





Government’s policy that no machine tool should 
be sold if it was required as a reserve or for other 
national purposes. He added that the export of 
tools specifically designed for munitions making was 
already controlled. The Association, however, do 
not regard this reply as satisfactory, principally 
because, in the absence of a defence programme, 
the Minister cannot know which machines should be 
reserved. As, moreover, the equipment required 
for a war production programme is quite different 
from that necessary for a re-armament programme 
the scrapping or export at low prices of machines 
which might be urgently required in this country is 
unwise. It would, in fact, be reasonable to ensure 
that, in a national emergency, a change could 
swiftly be made from peace to war time production. 
In the opinion of the Association this, however, can 
only be done with the aid of the machines which the 
Ministry is now scrapping. This is an important 
question, which we are glad to learn, is being ven- 
tilated and we hope that there will be no great delay 
in reaching a satisfactory agreement. 


“‘ SHEFFIELD ON ITs MetrLE” EXHIBITION. 

On the afternoon of Monday, November 15, 
H.R.H. Princess Margaret opened the ‘“ Sheffield 
on its Mettle”” Exhibition at the Cutlers’ Hall, 
Sheffield. The exhibition consists of a series of 
displays generally organised by the Sheffield Cham- 
ber of Commerce and primarily intended to stimu- 
late the desire of Sheffield citizens for a greater 
output of their City’s products. The first of the 
displays is the Cutlers’ Company’s plate, some of it 
centuries old, while the next in the series is a display 
of contemporary silverware arranged by the Master 
Silversmiths’ Association. The third display is in 
the care of the Sheffield Cutlery Manufacturers’ 
Association and is representative of the highest 
standard of quality achieved by the cutlery industry 
of Sheffield. A Design Fair, constituting the Council 
of Industrial Design’s touring exhibition, also forms 
part of the Sheffield Exhibition. The Fair sets out 
to explain simply the meaning and scope of good 
industrial design. Another section of the Sheffield 
Exhibition is intended to give some conception of 
the City’s history as a home for craftsmanship and 
inventive genius. Examples of the work of former 
generations are shown and these are linked with 
modern times by other exhibits. Further displays 
consist of representative selections of steel and steel 
products, tools and trade cutlery. Special attention 
is given to the part Sheffield steelmakers have 
played in the production of jet engines. A final 
exhibit, specially arranged by the British Iron and 
Steel Federation, conveys a good impression of part 
of the interior of a typical Sheffield steelworks. 
This display includes a moving Perspex “ ingot ” 
which is internally illuminated to simulate red 
heat. The exhibition, which is held in conjunction 
with a “‘ Pageant of Production ” at the City Hall, 
Sheffield, will remain open from 11.30 a.m. until 
9 p.m. every weekday until November 27. Messrs. 
Samuel Osborn and Company, Limited, inform us 
that they are again showing the stand displayed by 
them at the recent Machine Tool and Engineering 
Exhibition, at Olympia. The stand, which includes 
working models of a melting shop, a forge and a 
bar-rolling mill, is on view, concurrently with the 
‘* Sheffield on its Mettle ” Exhibition, at the firm’s 
Clyde Steel Works, Sheffield, 3, from 10 a.m. until 
4.30 p.m. from Monday to Friday, until Novem- 
ber 27. Application to view the stand should be 
made to Messrs. Osborn, at the Clyde Steel Works. 





Messrs. T. H. anD J. DANIELS, LIMITED.—On 
Saturday, October 23, Messrs. T. H. and J. Daniels, 
Limited, held an “‘ Open Day” at the Lightpill Iron 
Works, Stroud, for friends of the firm and of several 
associated firms for whom they undertake manufacture. 
Visitors were shown the production and testing of 
portable petrol and electric saws, and of Sharples centri- 
fugal separating machines; the testing of hydraulic 
presses, injection-moulding machines and domestic 
water softeners ; and the manufacture of dust-collecting 
plant, of rotary plunger pumps, and of automatic boiler- 
control apparatus. Comprehensive schemes for craft 
apprentices and engineering apprentices have been 
organised, and arrangements have been made for appren- 
tices to obtain wider experience, in the latter part of 
their apprenticeship, by temporary transfers to the 
works of other firms. 
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OBITUARY. 


MR. E. B. VIGNOLES. 


WE regret to record the death of Mr. E. B. 
Vignoles, which occurred at Streatley-on-Thames, 
Berkshire, on Wednesday, November 10, at the 
age of 83. He was well known in electrical engi- 
neering circles for having coined the name “‘ Megger”’ 
for the portable insulation-testing set designed by 
the firm with which he was connected. 

Ernest Blacker Vignoles was born in London on 
May 15, 1855, of engineering stock, his father 
having been a member of the Institution of Civil 
Engineers, while his grandfather, who was a pioneer 
of railway engineering and the inventor of the 
Vignoles rail, was president of the same body in 
1870-71. He was educated at Malvern College and 
in France and Germany; and at the age of 21 he 
studied electrical engineering under Ayrton at the 
Central Technical College of the City and Guilds of 
London Institute. In 1889, he entered the firm of 
Messrs. W. T. Goolden and Company as a pupil, 
where he went through the shops and assisted in 
the design and manufacture of dynamos and other 
machinery. During this period he was also asso- 
ciated with Sydney Evershed in research work on 
magnetic induction. 

In 1895, when Messrs. Goolden’s business was 
purchased by Messrs. Easton, Anderson and Gool- 
den, Limited, he became associated with Evershed 
in acquiring the instrument factory of the firm. 
This then became a separate concern, of which 
Mr. Vignoles was first managing director and later 
secretary. He held these posts until his retirement 
in 1931, but continued as an active member of the 
board until within a few months of his death. 
During his long service with the company he 
devoted his energies chiefly to the financial and 
policy sides of the business, the activities of which 
eventually covered many types of electrical and 
other instruments. 

Mr. Vignoles was elected an associate of the 
Institution of Electrical Engineers in 1889, and 
transferred to the class of member in 1901. He 
had been also chairman of the British Electrical 
and Allied Industries Research Association and a 
member of the British Committee of the Inter- 
national Electrotechnical Commission. 


MR. W. M. SELVEY. 


WE also regret to record the death of Mr. W. M. 
Selvey, which occurred on Monday, November 15, 
at the age of 68. William Morrish Selvey was born 
at Portishead, Somerset, on July 17, 1880, and after 
attending school locally, gained an apprenticeship 
in the Engineering Department of H.M. Dockyard, 
Devonport, when he was 15 years old. During this 
apprenticeship he attended both day and evening 
classes at the Dockyard School; and in 1898 was 
successful in obtaining a Whitworth Exhibition. In 
the following year he also won both a Royal and a 
National Scholarship, and left Devonport to study 
physics under H. L. Callendar at the Royal College 
of Science. Subsequently, he took a post-graduate 
course in electrical engineering at the Central 
Technical College, where he also acted as personal 
research assistant to Ayrton. In 1903, he joined 
the staff of Messrs. Merz and McLellan in Newcastle- 
on-Tyne, and, after serving with this firm for ten 
years, began practice on his own account as a 
consulting engineer in Sheffield in 1913. Here he 
soon established a position as adviser to local 
authorities on points arising out of the Electric 
Lighting Acts and, at a later date, did a good deal 
of similar work in London, after the Electricity 
Commissioners and the Central Electricity Board 
had been established. While he was in Sheffield, he 
also acted as technical representative of the Coal 
Controller for the area during the 1914-18 war. He 
moved to London in 1922, but before then had done 
much work in connection with the equipment of 
Yorkshire collieries with electrical plant. 

Perhaps, however, he was best known for his 
activities in developing the precision testing of power 
plants. This testing became necessary when bonus 
and penalty clauses were introduced into specifica- 
tions, and often involved large sums of money if 





very small variations from guaranteed efficiencies 
occurred. In time this naturally expanded into an 
intensive study of all questions of power-station 
efficiency, to which subject he made some notable 
contributions. He was also concerned, as an expert 
witness, in many cases relating to the nuisance 
caused by the emission of grit and sulphur from 
factory chimneys, and to patent law. In collabora- 
tion with Mr. L. R. Morshead, he undertook the 
design of a large cold store at Trafford Park during 
the 1914-18 war, and was later responsible for the 
building and conversion of a number of similar 
stores, including one which, at the time of its 
erection, was the largest on the European continent. 
Other interesting pieces of work for which he was 
responsible as a consultant were the refuse destructor 
works of the Glasgow Corporation at Govan, and 
the design and layout of a completely new electric 
power system for Athens and the surrounding 
district. He acted as technical representative of 
the Detroit Edison Company in this country and 
had made a close study of American and Canadian 
engineering practice. 

Mr. Selvey was elected a member of the Institu- 
tion of Civil Engineers in 1929 and of the Institution 
of Mechanical Engineers five years later. His 
connection with the Institution of Electrical Engi- 
neers began in 1903, when he was elected an asso- 
ciate, being transferred to the class of associate 
member in 1910, and to that of member two years 
afterwards. He was chairman of the North Midland 
Centre of this body in 1919-20, and was one of the 
original members of the Joint Board which prepared 
the National Certificate scheme for electrical engi- 
neering students. In 1914-15, he was awarded a 
premium for a paper on “‘ Power Plant Testing.” 
When the Institute of Fuel was established in 1926, 
he became a founder member, being transferred to 
the class of fellow in 1928. After serving on the 
Council and as a vice-president, he became president 
in 1941 and occupied the chair for a second time 
in 1942-43. He was also a member of the American 
Society of Mechanical Engineers. 


DR. S. C. BRADFORD. 


Dr. §.C. BRapForD, whose death, it is announced, 
occurred in London on Saturday, November 13 
at the age of 70, will be best known to readers 
of ENGINEERING as a periodical contributor on the 
documentation and indexing of scientific and tech- 
nical knowledge and the organisation of appropriate 
library services for the associated literature. 

Samuel Clement Bradford was born in London 
on January 10, 1878, and was trained as a physical 
chemist. At the age of 21, however, he joined 
the staff of the South Kensington Museum, London, 
at a time when the arrangement and classification of 
its contents left much to be desired. The same 
might also be said of the facilities available in the 
Science Library, to which he was transferred ten 
years later, and it became Bradford’s task to insti- 
tute greatly needed improvements. He brought 
great enthusiasm and increasing knowledge to this 
work, in which he was assisted, after his successive 
promotion to chief librarian in 1925 and to the post 
of Keeper in 1930, by the provision of more com- 
modious accommodation. Twenty years ago the 
special need was for more information and loan 
facilities for books ; and he set himself to transform 
the Science Library to those ends. When he retired 
in 1938 the task had been accomplished. 

Realising the need for classification, he founded 
the British Society for International Bibliography, 
in collaboration with Professor A. F. C. Pollard, 
in 1927. This body was recently amalgamated 
with the Association of Special Libraries and 
Information Bureaux (Aslib). He founded the 
British National Section of the International Federa- 
tion for Documentation in the same year, becoming 
vice-president of the latter body in 1946. His life’s 
experience in this field was summed up in a book 
entitled Documentation, which has recently been 
published. He was also the author of many other 
publications on the same or related subjects. In 
addition, he contributed to technical journals, in- 
cluding ENGINEERING, on such subjects as the kinetic 
theory of gases, the molecular theory of solutions, 
and the evolution of state of real fluids. 





THE IRON AND STEEL 
INSTITUTE. 


THE annual Autumn Meeting of the Iron and 
Steel Institute was held in London, at the offices of 
the Institute, on Wednesday and Thursday, Novem. 
ber 10 and 11, under the chairmanship of the 
President, Sir Andrew McCance, LL.D., D.Se., 
F.R.S. On page 471, ante, we gave a report of 
the official business transacted at the outset of the 
first session, held on the morning of November 10, 
and now propose to deal with the presentation and 
discussion of the papers on the agenda. 


VARYING-TURBULENCE CoWPER STOVE. 


The first contribution considered was “‘ A Note 
on the Varying-Turbulence Cowper Stove,” by Mr. 
Daniel Petit, of the Société de Technique Industri- 
elle, Paris. He said that the chequer work in 
the varying-turbulence Cowper stove had square 
openings with rounded corners. These square 
openings had two or four ridges and it was by 
changing the relative positions of the blocks with 
these openings that the turbulence was caused to 
vary. Detailed tests had been made on a 108 ft. 
high, 23 ft. 11 in. diameter stove, of the varying- 
turbulence type, at the Denain Works of the 
Société des Forges et Aciéries de Denain-Anzin. 
At the top of the stove was a layer 11 ft. 7 in. high 
composed of 1}-in. thick blocks, the main purpose of 
which was to protect the upper part of the chequer 
work. Below this was a layer, 13 ft. 1 in. thick, 
made up of blocks having two ridges all placed 
in the same direction. Below this was a layer, 
16 ft. 4 in. thick, consisting of blocks having two 
ridges and reversed in pairs. Below this again was 
a layer 19 ft. 8 in. in thickness consisting of blocks 
having two ridges and reversed in each course. 
Finally, at the base of the stove, was a layer, 24 ft. 
7 in. high, made up of blocks having four ridges, 
reversed in each course, in order to obtain maximum 
turbulence. The lower part of the stove constituted 
a “filter”? and so, as it were, retained the calories 
within the stove. 

In a well-built stove, the chequer work should be 
self-supporting, namely, it should not lean against 
the outer wall of the stove. It should be built up 
of independent columns and should have continuous 
vertical orifices without intercommunicating chan- 
nels, and be easily cleaned. It was essential that 
the lining and the chequer work should be able to 
expand independently, particularly in the upper 
portion. In the Denain stove, upon which detailed 
tests had been made, more than 150 million kilo- 
calories (595,000,000 B.Th.U.) could be accumulated 
in it. Hence, two such Cowper stoves serving a 
furnace would, in effect, constitute a gasholder 
having a capacity of more than 10,594,000 cub. ft. 
of gas at 112 B.Th.U. per cubic foot. In practice, 
in most of the projects now being made in France, 
the Cowper stoves were arranged to have a heat 
capacity sufficient to enable the gas supply to be 
completely cut off for eight hours a day with two 
stoves serving each furnace. In integrated iron 
and steel works it was generally valuable to be able 
to dispose of an excess of from 20 to 25 per cent. of 
gas per shift. In works comprising blast-furnaces 
only, the gas was generally used to generate elec- 
tricity. : 

Mr. I. S. Scott-Maxwell, who opened the dis- 
cussion, stated that there were, in effect, two main 
considerations to be kept in mind in any stove 
design. The first was the provision of a large heating 
surface per unit volume of chequer work, to promote 
efficitnt and adequate heat transfer. The second 
was the provision of sufficient brick volume to allow 
adequate thermal storage. It did not seem to be 
good practice to take the gas off the stoves for 
eight hours under any conditions. A blast-furnace 
sometimes required excessively high rates of heat 
input, and made very considerable demands on the 
stove, while, at other times, the furnace took very 
little heat, but, unfortunately, it was not known 
beforehand when this was going to happen. He 
would like the author to explain more fully, there- 
fore, why the conditions in French works rendered it 
necessary to take the gas off the stoves for long 
periods. 
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Major W. R. Brown, D.S.O., said that hot-blast 
stoves in this country and in the United States had 
usually been designed to receive a constant supply 
of gas and to give a constant amount of heat to 
the incoming blast. It was quite common to find 
high efficiency and high heat-storage capacity in 
modern stove installations in this country, even if 
only because of the fact that, as a safety precaution, 
three stoves were allocated to each furnace, though 
two would very frequently suffice, and because the 
stoves were designed to handle a maximum volume 
of blast at a maximum temperature. Consequently, 
under all normal or average conditions, the stoves 
were actually operating on a task considerably 
lower than that for what they had been designed, 
and very good figures of efficiency were thereby 
obtained. There were stoves in common use 
wherein the turbulence must vary by reason of the 
chequer construction, and surely the turbulence 
must vary in all stoves, even if only by the change 
of density of the gas as it lost its heat during passage 
through the stove. All hot-blast stoves, therefore, 
might claim to be varying-turbulence stoves. The 
last speaker, Mr. M. W. Thring, referred to the 
question of the utilisation of the Cowper stove for 
storing energy. He said that Dr. Ritchie, of the 
British Coal Utilisation Research Association, had 
once suggested that the problem of fluctuating loads 
in boilers might be got over by having a brick heat- 
storage system. This might be well worth following 
up in various directions. 

The author intimated that he would reply in 
writing. 

MAGNETIC CONCENTRATION OF IRON ORES. 

The second paper taken dealt with ‘‘ Magnetic 
Concentration Experiments upon Iron Ores Used in 
North Lincolnshire Practice’ and was by Dr. L. 
Reeve, of the Appleby-Frodingham Steel Company, 
Scunthorpe. The author stated that laboratory 
work, commenced in February, 1944, had shown 
that the roasting of calcareous Frodingham ores 
carried out at temperatures as low as 500 deg. C., 
in a controlled, slightly reducing, atmosphere, gave 
a product which could be divided magnetically into 
concentrate, middlings and tailings. The preli- 
minary tests with Northamptonshire siliceous ores 
had not been so encouraging. It was decided that 
the results with the Frodingham ores justified the 
design and installation of a small pilot plant, 
consisting of a rotary kiln, 23 ft. in length and 
2 ft. 8 in. in diameter, fired with blast-furnace 
gas, and a continuous magnetic separator, to deter- 
mine to what extent the laboratory results could 
be duplicated on a somewhat larger scale. The 
tests had shown that the equipment was flexible 
through a wide range of ore feed and gas flow, and 
also air: gas ratio. It gave a degree of concentra- 
tion fully equal to that obtained in the small-scale 
laboratory tests. Iron recoveries as high as 93 per 
cent. had been obtained with a percentage of iron 
in the tailings below 6. It was now proposed to 
carry out, by means of this equipment, a systematic 
examination of all the ores representative of the 
Frodingham bed to determine the optimum condi- 
tions for the magnetic concentration of each type. 
This would be combined with a full geological and 
petrographical study of the ores. A similar pro- 
gramme would then be extended to the Northamp- 
tonshire ore beds. 

Dr. H. L. Saunders, who opened the discussion, 
said that the author had made a wise choice in 
selecting magnetic roasting for a preliminary study, 
because this kind of plant was relatively straight- 
forward in character and was capable of a great 
deal of variation in processing temperature. More- 
over, the atmosphere could be either reducing, 
oxidising or neutral. The Winns Wing ores investi- 
gated appeared to be rather high in sulphur and he 
wondered how this was affected by a preliminary 
Toasting process, even in a slightly reducing atmo- 
sphere. Sulphur concentrations, of course, must be 
avoided wherever possible. As the process stood 
at present, it appeared that the magnetic separator 
could deal with a much larger quantity of material 
than the kiln, and, therefore, could cope with more 
than one kiln. Micro-examination had indicated 
that very different processes would be required to 


free the iron-rich material in ores from the North-| 


amptonshire and the Frodingham beds. 








Dr. T. P. Colclough, C.B.E., in a statement which 
was read in his absence by the secretary, said that, 
in the past, the economic use of these British ores 
had been based on a plentiful supply of relatively 
cheap coal and the low cost of winning the ore 


by open-cast workings. At present, these condi- 
tions were changing rapidly. The paper presented 
the first detailed examination of home ores for the 
purpose of removing part of the impurities in the 
ore before charging into the blast-furnace. The 
temperature of the roasting Operation would vary 
according to the character of the ore, and each type 
of ore would require individual examination to 
determine the optimum temperature. Attention 
should also be drawn to the influence of the rate 
of cooling of the roasted ore on the magnetic 
properties of the iron oxide. Dr. L. Reeve, in the 
course of his reply, said that a great deal of work 
had been done on the subject of sulphur and that, 
under certain controlled conditions, it was possible to 
remove appreciable quantities of sulphur. The 
subject, however, was very complex and could not 
be dealt with in a brief space. With the present 
plant, the magnetic separator could probably deal 
with much more material, but the crusher now used 
constituted a bottle-neck. 


(To be continued.) 





BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 


WHEN we commenced to reprint the report of 
the Conference on Brittle Fracture in Mild Steel 
Plates, held at Cambridge on October 26, 1945, it 
was decided not to include in the reprint the report 
of the discussion on the various papers. Since then, 
however, it has been represented to us that this 
should be included. Accordingly, we give below 
the discussion by Dr. I. G. Slater and Mr. J. N. 
Bradley of the papers presented by Professor J. F. 
Baker and Mrs. C. F. Tipper, dealing, respectively, 


20 years or so prior to fracture. It had been neces- 
sary to refit the boilers from time to time, including 
the replacement of tubes which had failed by cor- 
rosion, At the time of the fracture, the boilers were 
standing empty during the cooler parts of the year, 
when the temperature in the boiler room was not 
more than about 40 deg. F. In most cases, a refit 
was in progress, involving the hammering out of 
tube ends, when the fracture occurred, accompanied 
by a very loud report. The rupture passed 
athwartships across the base of the drum from an 
“A” or “ B” row hole on the port leg, or vice versa. 
A typical example is given in the photograph, 
Fig. 1, page 498, taken from outside the drum, which 
shows a view of the crack which appeared in the 
steam drum of ship A. The cracks all opened up a 
few thousandths of an inch, suggesting the presence 
of a fair amount of internal stress in the tube-plate. 
More detailed features of the ruptures are given in 
Figs. 2 onwards, on page 498. The surface appear- 
ance of the actual fracture in the steam drum of 
ship W is illustrated in Fig. 2, which clearly shows 
its cleavage nature, together with the characteristic 
‘feathered ” markings. It will be noted that the 
fracture had originated from a defect at the edge 
of the arboured tube-hole. These defects are of 
fairly common occurrence in boilers of this particular 
design and are in the nature of stress-corrosion pits 
in the severely deformed and cold-worked surface 
of the arbourings and tube holes. This cold-worked 
surface has resulted from the rather brutal initia] 
machining, together with fortuitous punishment 
during retubing operations. The photomicrograph, 
Fig. 3, shows the origin of a fracture at the base of 
a corrosion pit located at the junction of the tube 
hole with the outer surface of the drum; while 
Fig. 4, gives details of the outer surface of 
the drum in this area, as revealed by pickling. 
Many small corrosion grooves are present, radiating 
from the tube hole. Fig. 5 is a diagram showing 
the hardness survey of a section cut in the plane of 
the tube hole. Steels used for these boiler plates 





are of the inherent coarse-grained type, and con- 


TABLE I.—Fatmores OF BOILER STEEIS. 














Yield enaiie” Elonga- Reduction 
Point, Izod, Ft.-Ib. 
Boiler Drum. Composition, per cent. . Strength, tion, of Area, ——_—_——_— . 
- ‘Tons per Tons per | Per cent. Per cent, | Long. Transverse 
8q. in. in. 
8q. 
. J 
No.2 | C, 0-16; Si, 0-08 ; Mn, 0-53; 8-5 20-0 
8, 0-07; P,O fi 17-2 26-8 36-0 63-5 11-0 9-0 
Ship “ W,” 6-5 25-0 
1937 
No. 3 _- 16-4 27-8 35-0 57-3 7-5 8-5 
6-0 13-0 
7-0 
Ship “ B,” Al 1938 | C, 0-15; Si, 0-29; Mn, 0-54; 3-5 19-5 
8, 0-06; P, 0-06 15-0 25-1 34-3 59-0 10-0 _ 
10-0 18-0 
C, 0-16 ; Si, 0-015 ; Mn, 0-71 ; ; 35-0 
8, 0-04 ; P, 0-05 ; Ni, 0-05 ; 19-4 27-1 34-0 55-0 60-5 
Cr, 0-03 ; Cu, 0-03 ; N, 0-006 19-0 
Bi Similar to Al, but with N, 32-0 
0-008 20-8 27-0 25°5 52-0 = 























with ‘‘The Problem of Brittle Fracture in Ship 
Structures” and “ Brittle Fracture of Mild Steel 
Plates.” Professor Baker’s paper was printed on 
page 548 of our 164th volume (1947), and Mrs. 
Tipper’s paper on page 568, of vol. 165, and in the 
following issues. 


Discussion ON PareRs BY PROFESSOR BAKER 
anv Dr. TIPPER. 


The failure of mild-steel structures by sudden 
rupture characterised by cleavage fractures is, 
perhaps, more frequent than is generally supposed. 
A number of such instances have been investigated 
by the writers during the past ten years and a brief 
description of these may be of value to other 
investigators. 

A particularly interesting series of failures came 
to note in 1937-38, involving the tube-plates of the 
steam drums of Admiralty-pattern water-tube 
boilers. These particular boilers were manufac- 
tured during the 1914-18 war, and had seen a 
moderate amount of intermittent service during the 








* Part II appeared in the previous volume, and Part I 
in vol. 164 (1947.) 


trolled strain-age tests indicated them to become 
very brittle when hardnesses of the magnitude 
shown in Fig. 5 were attained. Further relevant 
data on the steels concerned in five typical failures 
are given in Table I, on this page. 

The mechanical tests were conducted at room 
temperature (approximately 60 deg. F.). It will 
be noted that the tensile properties, taken on test 
pieces cut immediately adjacent to the fractures, 
indicate that the steels are of normal ductility. In 
some samples, rather low impact values are shown ; 
but these may be due to shortcomings in original 
manufacture, such as omission of normalising. 

(To be continued.) 





NORTH-EASTERN RAILWAY JUNCTION RECONSTRUC- 
TIonN.—Church Fenton North Junction, which is about 
104 miles south-west of York and is the place where 
the York-Leeds and York-Sheffield-Manchester (via 
Burton Salmon) lines separate, is being reconstructed 
in eight stages ; the work is being carried out mainly 
on Sundays, and the main part of the last stage is 
expected to be undertaken on December 5. The recon- 
struction will reduce the number of sets of switches 
from 47 to 30, and of crossings from 101 to 52. 
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(For Description, see Page 497.) 














MILD-STEEL PLATES. 














Fic. 4. Ovurer Surrace or Tuse Pate, sHowrna Corrosion Grooves RADIATING FROM 
Tuse Ho ce (Sure A). 


IRON AND STEEL WORKS ENGINEERS.—The eighth 
meeting of the Iron and Steel Engineers Group of the 
Iron and Steel Institute will be held on November 24, 
at 4, Grosvenor-gardens, London, S.W.1, at 10.30 a.m., 
when papers on the handling of materials in iron and 
steel works will be discussed. 





INSTITUTION OF GAS ENGINEERS.—The Fourteenth 
Autumn Research Meeting of the Institution of Gas 
Engineers, 1, Grosvenor-place, London, S.W.1, will be 
held on Wednesday and Thursday, November 24 and 25, 
commencing at 10 a.m. each day, at the Institution of 
Civil Engineers, Great George-street, London, S.W.1. 
The programme will include the presentation and discus- 
sion of the Ninth Report of the Chairmen’s Technical Com- 
mittee, 1947-48 ; the 25th Report of the Gas Education 





Committee, 1947-48 ; the 39th Report of the Refractory 
Materials Joint Committee; and the Institution Gas 
Research Fellowship Report, 1947-48, “A Study of 
Aerated Burner Flames. VII. Further Measurements of 
Ignition Velocity and Flame Stability,” by Drs. G. W. 
Culshaw and J. E. Garside. The following papers will 
also be presented: ‘‘ Coke for Use in Open Fires from 
Continuous Vertical Retorts : Some Aspects of Its Pro- 
duction and Characteristics,” by Messrs. T. F. E. Rhead 
and E. T. Pickering; ‘‘ The Catalytic Removal of 
Organic Sulphur Compounds from Coal Gas,” by Messrs. 
J. H. G. Plant and W. B. S. Newling; “‘ An Application 
of the Fluidised Solids Technique to Coal-Gas Purifica- 
tion,” by Mr. R. H. Williamson and Dr. J. E. Garside ; 
“The Breakage of Coke by Mechanical Means (Interim 
Report),” by Mr. V. T. Taylor and Dr. D. Hebden; and 





Fie. 3. 





Origin OF Fracture at Root or Corrosion 
Prr (Suip A). x 100. 








Fie. 5. Harpyess Survey or Typrcan 
“A”-Row Tuse Hote. 


“‘ The Hardening of Oxide in Purifiers (Interim Report),” 
by Dr. F. J. Dent, Dr. L. A. Moignard, Mr. J. W. A. 
Buckley, Mr. W. D. Davis and Mr. A. D. S. Tantram. 
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THE ELECTRICITY SUPPLY 
INDUSTRY. 


Iv an address as chairman to a meeting of the 
Supply Section of the Institution of Electrical Engi- 
neers, on Wednesday, October 20, Mr. C. O. Boyse 
said that the total installed generating capacity in 
Great Britain at the end of 1947 was about 12,500 MW. 
The energy generated in that year was 43,000 million 
kWh, or about 900 kWh per head of population, and 
was nearly three times the corresponding amounts for 
1934. Estimates for the winter of 1948-49 suggested 
that, if the weather were severe and if the industrial 
loads were not staggered, the peak demand might 
exceed the available peak capacity by about 1,000 MW. 
It was therefore a little difficult to understand the 
Government’s decision to restrict the provision of new 
power plant during the next few years. Work, how- 
ever, was proceeding on approved programmes for the 
building of about 8,000 MW of the 9,500 MW of new 
plant originally planned for between 1948 and 1952. 

One of the most significant features of steam er 
generation in this country was the increasing difficulty 
of finding suitable sites for new power stations. The 
choice of fuel naturally remained a matter of avail- 
ability and economics, though in the past few years 

rogress had been made in the use of pulverised fuel. 

1945, 20 per cent. of the total coal and coke consumed 
by steam generating stations was in pulverised form, 
and it was estimated that the proportion would rise 
to nearly 40 percent. by 1950. Some progress had also 
been made towards the standardisation of 3,000-r.p.m. 
turbine sets, rated at 30 to 60 MW, and using steam 

ressures of 600, 900, or up to 1,400 lb. per square inch. 
n 1946, the installed generating capacity in the form 
of water-power plant in Great Britain was less than 
400 MW, barely 3 per cent. of the total, but by the 
end of 1947 contracts had been placed by the North 
of Scotland Hydro-Electric Board for water- r 
plant to a total capacity of nearly 500 MW. Plans 
had been made for installing experimental 15 MW 
oil-fired gas-turbine sets of the open-cycle and of the 
closed-cycle types. Research work was also pr i 
on the closed-cycle type with the possibility of obtaining 
50 MW to 100 MW on machines of frame dimensions 
similar to those which were now being develo for 
15 MW to 30 MW on the open-cycle. Success in such 
fields would avoid the difficulties arising with steam 
plant in the selection of station sites. 

Transformer design and construction had reached a 
high pitch of development, and 132-kV units, for 
example, were working at efficiencies approaching 
99 per cent. High-voltage switchgear design was 
tending towards the reduction of oil volume to reduce 
fire hazards, and the air-blast, air-break and low oil- 
volume types were becoming popular. The use of resist- 
ance Switching was an important advance, and had been 
successfully applied to both oil-tank and air-blast 
switches. The maximum rated breaking capacity of 
British 132-kV circuit breakers was 2,500 MVA, though 
tests had shown that capacities up to 5,000 MVA could 
be provided by either oil-tank or air-blast switchgear. 
Protective gear development was towards more rapid 
operating times, and during 1947, 95 per cent. of the 

5 faults occurring on the British grid had been cor- 
rectly cleared. There were differences of opinion con- 
cerning the efficacy of surge diverters, particularly when 
these were installed on systems working at over 33 kV ; 
provided their operation was always thoroughly reliable, 
then the required surge strength of cables and plant 
could be substantially reduced. 

The highest transmission voltage in Great Britain 
was 132 kV, the length of 132-kV grid line having risen 
from 2,000 miles in 1934 to nearly 4,000 miles at the 
present time. A review was being made of the British 
Overhead Line Regulations, but there was still sco 
for international collaboration on this subject. Until, 
for example, some common basis was agreed upon for 
expressing the design loads on, and the stresses in, 
the conductors and supports, it would remain difficult 
to compare the operating experiences obtained with 
different constructions, or under widely differing 
climatic conditions. These difficulties arose, firstly, 
because overhead lines were designed for arbitrary 
loads and tensions and, secondly, because of the 
methods which were used for fixing a safe margin 
between the stresses induced in the conductors and 
supports by the ‘‘ maximum working loads,” and the 
stresses occurring under actual breakdown conditions, 
This margin, still erroneously referred to as a “ factor 
of safety,” had no quantitative meaning in itself. 
One designer might choose comparatively low values 
for the maximum working load, and allow a generous 
margin of safety in fixing the corresponding stresses 
in his materials. Another might select high design loads, 
but make the corresponding stresses in his materials 
very close to their ultimate values. Though the latter 
method was probably the more logical, both could lead 
to the same result. Neither the magnitude of the 
design loads, nor the values of the maximum working 


stresses could be taken, by themselves, as a measure of 
security ; both must be considered together if fair 
comparisons between different practices were to be 
made. Any code of regulations for constructional 
practice should follow what had been the British 
policy, namely, to stipulate only the general principles 
to be observed, and to give the basic loading stresses 
and the conditions for complying with statutory 
obligations. 

The vibration of overhead lines was still a potential 
source of trouble, particularly with steel-cored alumin- 
ium conductors. Experience had proved, however, 
that the trouble could be reduced, either by erecting 
the conductors at working tensions lower than those 
calculated from normal design considerations, or by 
fitting them with vibration dampers. The first- 
mentioned method lost some of the economic advan- 
tages of high-strength conductors, since taller and 
consequently more costly supports were required. 
British practice, therefore, tended towards the use of 
dampers, especially to those of the Stockbridge type, 
which had given satisfactory service on the grid lines for 
several years. Other forms seemed to be giving equal 
satisfaction in other countries. ‘‘ Galloping” was the 
term used to describe the large-amplitude low-frequency 
oscillations of conductors, which occurred when ice 
formations changed their aerodynamical properties ; 
it was now the subject of important tests in the 
United States, but the degree to which it should 
be allowed for in the design of the line (i.e., spacing 
of the conductors, etc.) must remain a compromise 
between economics and engineering theory. Hollow 
conductors, consisting of interlocking drawn segments, 
had proved reliable on important lines, and other 
types were in service or under test. Work was still 
being carried out on ‘“‘ bundle”’ conductors. These 
consisted of two or more comparatively small-diameter 
conductors, which, when placed a suitable distance 
apart, gave losses similar to those of a single con- 
ductor of much larger diameter. They were simple 
to produce and handle, but needed more costly sup- 
ports. The most common cause of insulator breakdown 
on modern overhead systems was probably the lightning 
or switching surge, and it was therefore to be expected 
that more attention would be paid to insulator per- 
formance under impulse conditions. The use of 
semi-conducting glazes for improving the voltage 
distribution over long porcelains or insulator strings 
was still being tried out. Toughened glass insulators 
were giving good service in Great Britain. 

The design and construction of overhead-line sup- 
ports had always varied widely from one country to 
another, and a study of modern practice confirmed that 
this was still very much the case, the choice of a par- 
ticular construction being usually influenced by local 
conditions and the availability of suitable materials. 
New methods had been adopted abroad for which 
striking economies were claimed. Developments, such 
as the very light steel towers being used in Italy, or 
the concrete-filled tubular structures in Switzerland 
might be sound in relation to local conditions, but 
acareful study of their overall capital costs and annual 
charges, in comparison with those of existing practice, 
should be made before their use in other countries could 
be justified. In this country, new forms of construction, 
and new designs of grid towers were nearly always 
subjected to full-scale loading tests before being 
adopted, and experience over many years had shown 
that the present design basis was on the generous 
side. Hence, if economies were to be effected, it 
appeared that these could be made by reducing the 
ultimate loads for which the towers were now designed. 
The design of foundations for overhead-line supports 
was still an arbitrary business, even though there had 
been advances in such subjects as soil mechanics and 
foundation problems generally. These advances were 
difficult to apply to overhead-line construction, since 
a transmission line extended over long distances, and 
it would be uneconomic to study soil conditions at each 
support to enable the most efficient type of foundation 
ro, used. There was, however, still room for research 
into overhead-line foundations, particularly in speci- 
fying a standard of performance under stated loads. 
Though it was impossible to comply with the Elec- 
tricity Commissioners’ regulations that supports 
should withstand certain loads “‘ without movement 
in the ground,” it was doubtful if enough was known 
about foundations to indicate more precisely what 
degree of stability should be specified. 

Pressure-type cables, which had been described in 
various papers, were now commercially available in 
several designs. As compared with the 40 kV per 
centimetre for the solid type, impregnated pressure 
cables, for example, permitted the use of a design stress 
of 100 kV per centimetre—a figure which might be 
increased to 125 kV per centimetre if the necessary 
surge strength could be provided. This type of cable 
had been in commercial use at voltages up to 132 kV 
for some years, and successful trials had been com- 








pleted at 264 kV. A recent development, was the 





projected installation for “‘ Electricité de France ” of a 
three-phase loop of single-core British made impreg- 
nated pans cables with sealing ends, joints, and gas- 
control equipment, for connection to the 220-kV French 
grid for long-term testing. These cables would carry 

MVA continuously, and, like others of the same 
pA st would be charged with nitrogen at a pressure of 

Ib. persquareinch. A semi-conducting glaze would 
be used on the sealing-end porcelains. Anxiety about 
the future supplies of lead had encouraged the develo 
ment of cable coverings and of insulating materia 
which did not require lead sheaths. Aluminium was 
available as a sheath metal, but though it compared 
favourably with lead in material cost, its general use 
would depend upon the solution of a number of pro- 
blems relating to its application, handling, and pro- 
tection against corrosion. Thermoplastic polythene, 
being waterproof and an excellent insulating material, 
did not require a lead covering ; it could be used for 
power cables up to 11 kV, and effected a large saving in 
overall cable weight, especially in overhead pilot cables. 
There had been some conjecture as to whether the pipe- 
line type of cable as used in the United States would find 
favour in this country; the construction employed 
impregnated-paper insulated cable which was drawn 
into pipes containing oil or gas under pressure. 





THE SUPPLY OF RADIOACTIVE 
AND STABLE ISOTOPES. 


Srxcz the low-energy pile, known as Gleep, which we 
described and illustrated on page 97, ante, was started 
up at the Atomic Energy Research Establishment, 
Harwell, in August, 1947, numerous inquiries have 
been received regarding the availability of radioactive 
isotopes for research purposes. The position with 
regard to these isotopes, a8 well as separated stable 
isotopes and mass-Spectrometer facilities, is therefore 
dealt with in a Ministry of Supply circular. 

An average of about 120 samples of radioactive 
material have been produced monthly in the pile, 
of which about two thirds have been for users outside 
the Establishment. This output approaches the 
maximum production. The slow neutron flux available 
in the pile for isotope production is about 10° neutrons 
per Square centimetre per second. The pile is run 
continuously for about 60 hours each week and standard 
irradiations are made in its core where there is a 
mixture of slow and fast neutrons. In addition, the 
thermal column provides nearly pure thermal] neutron 
fluxes of about 107 to 108 neutrons per square centi- 
metre per second with some gamma background. The 
exact Specific activity of any individual sample cannot 
be guaranteed, as its neutron flux varies considerably 
according to its position in the pile during irradiation. 
Prospective users are therefore asked to discuss any 
unusual problem with the Isotope Information Office 
at Harwell from whom fuller information regarding the 
facilities at present available and the issue of artificial 
radioactive materials can be obtained. The office will 
also supply information about the arrangements that 
have been made for irradiating small quantities of 
materia] in the pile itself and for obtaining small quan- 
tities of radioactive isotopes from the United States 
Atomic Energy Commission and the Canadian National 
Research Council. 

The position with regard to the supply of stable 
isotopes is that the Ministry have purchased a quantity 
of the N'5 isotope of nitrogen at a concentration of 
30 per cent. in the ammonium radical of ammonium 
nitrate. Part of this has already been allocated to the 
Medical Research Council and other investigators, 
but several grammes are available at Harwell for 
approved research workers. A few grammes of en- 
riched C** in concentrations ranging up to 50 per cent. 
have also been purchased for medical research purposes, 
while the commercial production of N*5 is being under- 
taken by Genatosan, Limited, Loughborough, and will 
be offered for general sale. A plant for the production 
of enriched C* by the use of the distillation-exchange 
process, using liquefied carbon monoxide, is nearing 
completion at Harwell and should meet this country’s 
needs for some time. A thermal diffusion plant 
capable of enriching the 0 isotope of oxygen by a 
factor of 100 is also nearing completion and quantities 
of this material should be available in about three 
months. Electromagnetic separation equipment is also 
being built at Harwell for the production of small 
quantities of other separated isotopes for research in 
such fields as nuclear physics. 

One of the difficulties at present attending the use 
of stable isotopes in this country is the lack of mass 
Spectrometers for carrying out assays. To overcome 
this, the National Institute for Medical Research, 
Hampstead, is prepared to do a8says on the two instru- 
ments which it operates. The Atomic Research 
Establishment is also prepared to do a limited amount 
of work on gas samples prepared im standard “ break- 
seal’? tubes obtainable from the Establishment. 








500 


ENGINEERING. 





Nov. 19, 1948. 





LABOUR NOTES. 


Tue direct achievements of the Control of Engage- 
ment Order, 1947, the purpose of which was to put 
into industry those who were considered to be waste- 
fully employed in activities outside its ambit or not 
emplo at all, have been disappointing. The 
monthly report of the Ministry of Labour, issued on 
Monday, states that, during the first twelve months of 
its operation ending on September 29, a total of 29 
directions to take up specified employment was made, 
Trepresenting a monthly average of 2-4. Under the 
separate Control of Engagement Orders for coal mining 
and agriculture, which have been in operation for a 
longer period, 467 directions to remain in employment 
were issued during the twelve months referred to, 338 
for the coal-mining industry and 129 in respect of 
agriculture ; making a total of 496 for the three Orders. 
The indirect effects of the Minister’s powers of direction 
under the Order, in deterring slackers and in stimulat- 
ing the desire to obtain useful employment, however, 
may have been considerable. 





In all, 95,965 persons have been registered under the 
Control of Engagement Order, 1947 since its inception, 
including 13,174 street traders (12,924 men and 250 
women); 28,975 persons employed by football-pool 
firms and in amusement arcades, etc. (12,158 men and 
16,817 women) ; and 53,816 persons classed as not being 
gainfully employed (11,990 men and 41,826 women). 
Of this large number, the employment exchanges suc- 
ceeded in placing a total of only 7,421 (1,775 men and 
5,646 women). This total consists of 314 street 
traders, 306 persons engaged in football pools and 
amusement arcades, etc., and 6,801 persons not gain- 
fully employed. The very small number of directions 
to take up useful employment and the low percentage 
of placings in relation to registrations (under 7-8) may 
well raise the question whether the results of the 
operation of the Order have justified the expenditure 
of official time and money involved. 





During the 52 weeks ending on September 29, the 
employment exchanges filled approximately 4,519,000 
vacancies, including some 551,000 first-preference 
vacancies. The total of all vacancies filled during the 
four-weekly period ending on September 29 was 380,000, 
compared with 398,000 to September 1, and 305,000 to 
August 4. First-preference vacancies only, filled 
between September 1 and 29, numbered 53,406, com- 
pared with placings during the _—_ twelve four- 
weekly periods which varied from about 39,000 to 
44,000. The numbers of workpeople of foreign nation- 
alities, chiefly European, who were found employment 
in Britain were 7,500 in July and 5,300 in August ; they 
increased to 9,900 in September, making a total of 
22,700 for the three months. 





The total working population, namely, the number of 
persons of insurable age in work or available for 
employment, increased during September by some 
30,000 persons, 19,000 of whom were men and 11,000 
women ; compared with a total increase during August 
of 43,000, 19,000 of whom were men and 24,000 women. 
The increase in both months was due mainly to juveniles 
entering employment from school. The total number 
of persons in civilian employment, including all branches 
of commerce and industry, as well as services of all 
kinds, rose during the four weeks ending October 11, 
by some 46,000, of whom 41,000 were men and 5,000 
women. The total of persons at work in the basic 
industries was largely unchanged ; decreases of approxi- 
mately 2,000 in shipping and transport, 700 in coal 
mining, and 1,000 in public-utility concerns being offset 
by an increase of some 4,000 in agriculture. The 
number leaving the Forces was reduced to some 6,000, 
owing to the Government’s decision to extend the 

riod of national service, leaving a total of about 
787,000 still serving. The number of persons regis- 
tered as unemployed on September 13 was 294,300, 
and on October 11, 314,500. 





About 270,000 workpeople had their full-time weekly 
wages increased by approximately 60,000/. during 
September, while some 204,000 persons had their 
weekly wages reduced by small sums during the same 
period, due to arrangements under which their wages 
fluctuate with the cost-of-living index. The reductions 
amounted in all to 16,0001. weekly. The principal 
groups of workpeople affected by the increases were 
those engaged in boot and shoe manufacture and in 
the clothing industry, but employees engaged in the 
manufacture of wire ropes, chains and anchors, and 
in the heating, ventilating and domestic-engineering 
industry also benefited. Altogether, during the nine 
months ending on September 30, 4,960,500 persons 
had their weekly wages increased to the extent of 
1,242,500/., an average of approximately 5s. each, 





despite the Government’s desire to limit the upward 
trend of wages. 63,000 persons engaged in mining and 
quarrying received increases totalling 26,6001. weekly ; 
436,500 employed in the metal, engineering and ship- 
building industries received increases amounting to 
125,600/.; and 1,028,500 employees in building and 
civil-engineering construction shared increases aggre- 
gating 88,0001. weekly. 


The figures of the rates of wages index, which mea- 
sures the level of full-time weekly wage rates in the 
principal industries and services in the United Kingdom 
compared with the level at June 30, 1947, remained 
stationary during the calendar month ending on 
September 30. The figure for men only was 106; 
for women, 108; for juveniles, 109 ; and for all classes 
combined, 106. A substantial rise may be expected in 
the figures for October, when the recent increases in 
the engineering and shipbuilding industries, arising 
from the report of the court of inquiry set up for the 
engineering industry, begin to take effect. 





Nearly two-thirds of the 116 industrial disputes 
reported to the Ministry of Labour and National Ser- 
vice as being in progress during September occurred 
in the coal-mining industry. In all, 14,500 workpeople 
were involved in the month’s disputes and @ tota] of 
42,000 working days were lost to industry. Coal 
mining was responsible for 72 stoppages, involving 
9,400 persons and occasioning the loss of 23,000 days ; 
the metal, engineering and shipbuilding industries 
together had 22 disputes, involving 2,600 persons and 
causing the loss of 14,000 days ; while the stoppages 
occurring in all other industries and services combined 
numbered 22, involving 2,500 persons and the loss of 
5,000 days. During the nine months ending on Sep- 
tember 30, 1,383 disputes arose, which involved 
367,800 persons and caused the loss of 1,772,000 
working days. The comparative figures for the same 
period last year were: 1,280 disputes, with 493,400 
persons involved and 1,964,000 days lost. 





Mr. D. J. W. Coward, general secretary of the Post 
Office Engineering Union, reported to a conference of 
branch chairmen and secretaries at Morecambe last 
Saturday that an offer of wage increases for their 
members had been received, which, if accepted, would 
provide increases of from 2s. to 7s. weekly, compared 
with the union’s claims, presented in April last, for 
increases ranging from 7s. to 18s. a week, according to 
age and grade. The conference considered the offer 
to be inadequate as, it was stated, acceptance would 
leave the rates of pay of many skilled men still below 
a reasonable standard of living. The union’s execu- 
tive council and the Post Office met on Wednesday 
when the Post Office were asked for a more attractive 
offer. The Civil Service Arbitration Tribunal has 
awarded increases of 7s. weekly on the maximum and 
minimum rates for 2,500 sorters, to date from Novem- 
ber 1, 1948. This award, which is the first to be made 
by the Tribunal since the issue of the Government’s 
White Paper on “‘ Personal Incomes, Costs and Prices,” 
will bring the minimum rate to 2/. 5s. and the maxi- 
mum to 5!, Claims for increased holidays and shorter 
hours were rejected. 





It is proposed by the Coal Industry Bill, the text of 
which was issued last Saturday, to change the consti- 
tution of the National Coal Board so that, in future, 
the Board shall consist of not less than eight or more 
than eleven members, in addition to its chairman. 
Provision is also made in the Bill that eight members 
of the Board, in addition to its chairman, shall give 
whole-time service, and that a second deputy chairman 
may be appointed by the Minister of Fuel and Power. 
The Coal Industry Nationalisation Act provided for a 
board consisting of a chairman, a deputy-chairman 
and seven other members. Other clauses of the Bill 
will extend the area within which the board’s work 
may be carried on ; give the board power to terminate 
some long-term contracts made by the original colliery 
companies; and make certain amendments to the 
original Act with respect to superannuation. 





Details of the proposal to set up joint attendance 
committees in the coal-mining industry with power to 
impose fines on persistant absentees were made public 
on Saturday. Absentees appearing before these com- 
mittees for the first time would be warned of the conse- 
quences of further voluntary absences. On any subse- 
quent appearances, the committees would recommend 
fines not exceeding 2/., or other disciplinary action. 
Opposition to the plan was forthcoming from a 
number of areas and the executive committee of the 
National Union of Mineworkers were to ask the National 
Coal Beard for a further meeting of the Joint Production 
Committee to consider the position; but it is now 
stated that the plan has been withdrawn. 


CINEMATOGRAPHIC STUDIES oF 
THE MOTION OF RAILWAY-VEHICLE 
WHEELS.* 

By F. C. Jonansen, D.Sc. (Eng), M.I.Mech.E. 


(Concluded from page 480.) 


THE reciprocating parts of a conventional steam 
locomotive are the source of horizontal inertia forces 
and couples tending to produce longitudinal (that is, a 
fore-and-aft) shaking combined with “ nosing ” (that is, 
yawing oscillations). In the common arrangement 
of engine, having two outside cylinders and cranks at 
90 deg., where it is not possible to neutralise these 
forces and moments, the traditional practice is to bal. 
ance them partly, by means of revolving masses fixed 
in the coupled wheels. These masses are combined 
with those which balance the rotating elements 
attached to the coupled wheels and axles. The whole 
of the revolving balance mass is distributed among 
the coupled wheels in various ways which offer alter. 
native slight advantages of one kind or another. 

In so far, however, as horizontally reciprocating 
masses are balanced by revolving masses in the wheels, 
it is inevitable that the latter are left with unbalanced 
vertical components of force tending to lift and depress 
the wheels once per revolution, and proportional to the 
square of the speed of wheel rotation. The downward 
force, or hammer-blow, due to such overbalance 
increases the stresses to which bridges and track com- 
ponents generally are subject, and the Bridge Stress 
Committee’s Report of 1928 recommended that the 
combined hammer-blow from the two wheels on any 
axle, at 5 revolutions per second, should not exceed 
one-fourth of the static load, nor 5 tons as a maximum ; 
and that the hammer-blow of the engine as a whole 
should not exceed 12-5 tons. 

These restrictions have been generally observed by 
British locomotive designers.t In some cases, the 
total overbalance is distributed equally among the 
coupled wheels so as to minimise individual wheel 
loading, while the earlier established practice of balanc- 
ing only a proportion of the reciprocating mass has 
been continued, though opinion differs as to what that 
proportion should be. If it is large, the overbalance 
and its effects are correspondingly great. If it is small, 
the engine may suffer undue longitudinal and nosing 
oscillations. Since the latter depend on the mass- 
distribution characteristics of the whole engine, it 
appears to be sound in principle to relate the lower 
limit of reciprocating balance to the mass of the 
engine and to relate the upper limit to the fluctuating 
wheel loads imposed on the rails.f 

Hammer-blow, acting downwards, is not the only 
important component of a large overbalance, although 
it might appear that the recommended maximum of 
5 tons per axle at 5 revolutions per second is so far below 
the static load carried by a coupled axle that the lifting 
tendency is unlikely to prove troublesome. During 
the ten years prior to the outbreak of the recent war, 
however, marked increases of railway speed took place 
in Britain, America and many Continental countries. 
The early Diesel-electric trains of the “ Flying Ham- 
burger” and “ Burlington Zephyr” type, intended to 
compete with air transport, were followed by high-speed 
steam-locomotive trains of special design, and gradually 
the average speed of passenger-train operation—and, 
to a less extent, of freight trains—was increased. The 
steam locomotives entailed were not confined to passen- 
ger machines with large-diameter driving wheels. 
Indeed, the improvements of previous years in mechani- 
cal design, more especially of valve gears, enabled the 
advantages of moderately-sized driving wheels to be 
realised along with high maximum running speeds. The 
consequent speeds of wheel rotation, ranging up to 7 or 
8 revolutions per second, implied increases of over 100 
per cent. in the overbalance forces associated with the 
partial balancing of the reciprocating masses. 

For various reasons, overbalance effects tend to be 
more marked with certain types of American two- 
cylinder locomotives than with British engines, and, 
about 1936, reports began to reach this country from 
the United States of damage to track attributed to 
repeated impacts from bouncing wheels of locomotives 
travelling at speeds far higher than those envisaged by 
their designers. The presumption was that the over- 
balanced wheel-axle assembly, mounted between & 
somewhat elastic track and a bearing spring attached 
to a relatively massive locomotive, suffered forced 
vibrations at high speeds of rotation, which caused 
the wheel to lift clear of the rail once per revolution, 





* Paper presented at the Seventh International Con- 
gress of Applied Mechanics, held in London from Sep- 
tember 5-11, 1948. Abridged. 

t “ Balancing of Locomotive Reciprocating Parts,” 
by E. S. Cox, Jl. I. Loco. E., vol. 31, page 2 (1942). 

+ Counterbalance Tests of Locomotives for High-Speed 
Service. Association of American Railroads (1944). A 
summary of the work recorded in this report appeared 








on pages 148, 172, 361, 409 and 437, ante. 
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the succeeding severe impact when the wheel moved 
downwards caused burning, abrasion and ocippling 
of the rail. On the London Midland and Scottis 

Railway, no cases were known where actual separation 
of wheel and rail had occurred at high speeds of travel, 
but, in a few cases, rails were found to be kinked at 
situations where the driving wheels of a locomotive, 
moving slowly along greasy rails, might have slipped 
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Although, in such cases, 
wheel bounce was never more than suspected, the 
potential damage to track was so serious that it was 
decided to ascertain experimentally whether the wheels 
of a modern two-cylinder L.M.S. locomotive could be 
made to bounce and, if so, to make some study of the 
relevant factors such as, about that time, was being 
carried out by research engineers in the United States 
of America.* 

Accordingly, a number of experiments have been 
carried out,.cinephotography at a taking speed of 64 
frames per second being used in every case. All the 


engines tested are 4-6-0 Class 5 mixed-traffic locomo- 


tives of the former L.M.S. Railway. These engines 
weigh about 161,000 lb. in working order (exclusive of 
tender), and have two outside cylinders driving on to 
the intermediate pair of coupled wheels, with the 
right-hand crank leading by 90 deg. The coupled 
wheels are nominally 6 ft. in diameter over the treads. 
The reciprocating weight per cylinder is 933 Ib., of 
which, as a rule, two-thirds was balanced, the distribu- 
tion being such as to produce approximately equal 
hammer-blow, amounting to about 3} tons at 5 r.p.s., 
in all coupled wheels. The static load on the latter is 
about 9 tons per wheel. 

A preliminary test, partly intended to develop a 
satisfactory technique of cinephotography, was carried 
out in September, 1938, at Crewe Locomotive Works 
on a short siding comprising bull-head rails laid in 
cast-iron chairs on 8 ft. 6 in. wood sleepers in ash 
ballast. A Class 5 engine, No. 5378, was held station- 
ary by a number of braked locomotives at each end, 
the rails and the treads of its coupled wheels being 
lubricated with a graphite-bearing . It was 
photographed in daylight with additional electric light- 
ing, the camera being only a few yards from the right- 
hand driving wheel. Clear pictures at 64 frames per 
second were obtained, from which the maximum rim- 
slipping speeds attainable in several tests were found to 
be no more than about 60 miles per hour, under which 
condition there was neither visual nor photographic 
evidence that the wheels lifted from the rails. 

In view of the relatively low slipping speeds attain- 
able, despite liberal greasing of the wheel treads, the 
negative result as regards wheel bounce was not 
unexpected. It was concluded, and confirmed by a 
model experiment, that the wheel-rail friction could 
be sufficiently reduced, during a sufficient number of 
wheel revolutions for high slipping speeds to be attained, 
only if the engine were allowed to travel along greased 
rails so that its wheel-rail contacts were always freshly 
lubricated. Provided the engine has some forward 
motion such that successive hammer-blows do not 
recur at the same spot, the actual forward speed may 
be expected to have no significant influence on the 
wheel-rail friction, though presumably it will have an 
unknown effect on the elastic behaviour and deforma- 
tion of the track. 

The necessity to photograph the wheels of a loca- 
motive travelling even at low speed threatened to intro- 
duce a number of practical difficulties, were this to be 
attempted by attaching the camera to the locomotive. 
Such premonitions were subsequently confirmed by 





* “Locomotive Slipping Tests,” by T. V. Buckwalter 
and O. J. Horger. Rly. Mech. Engr., pages 85, 132 and 
186 (1939) ; also Rly. Age, page 377 (1939), 





the published accounts of American experiments* 
employing that technique, which revealed that the 
camera field was not wholly satisfactory and that its 
focus was sometimes impaired by the severe vibration 
to which the camera was subjected. It was decided, 
accordingly, to photograph from a considerable distance 
by the aid of a Kodak telephoto lens (63 mm. focal 
length), the camera being rotated as for panorama 
ghoieentey to follow the moving engine, and bright 
daylight only being relied upon for illumination of the 
wheels, provided that their rims were painted white. 

To test these conclusions and proposals, a further 
trial was carried out, this time in the Derby Works on 
a straight length of track comprising worn 100-Ib. per 
yard bull-head rails in cast-iron chairs fixed to wood 
sleepers, laid on ballast which consisted of a mixture of 
gravel and ash to a depth of some 9 in. The under- 
lying ground was rather soft clay, containing gravel. 
A straight length of about 200 ft. of this track was put 
into good level and alignment, and the running surfaces 
of the rails were first smoothed, by having a brake van 
with locked wheels drawn along them, and then liber- 
ally greased. Stakes were fixed in the ground alongside 
the rail to enable the forward movement of the wheels 
and the vertical vibration of the rail to be ascertained 
from the films. Another Class 5 locomotive, No. 5043, 
having nominally two-thirds of its reciprocating masses 
balanced, was tested on this track by starting it at one 
end, with full boiler pressure, forward gear, and fully 
opened ator. The locomotive travelled forward 
at about 10 miles per hour until stopped in response to 
a hand signal at the end of the prepared length. The 
grease was renewed between tests, and rim s 
corresponding, respectively, to 87, 44, 98, 101 and 
100 miles per hour were achieved in successive runs, 
during the last two of which the driving wheels visibly 
separated from the rail once per revolution. Examina- 
tion of the films revealed that only the driving wheel 
lifted, and that the rail vibrated at the same frequency 
as the wheel, and approximately in phase with it, the 
maximum rail amplitude being about 1} in. At its 
maximum displacement, the wheel was separated from 
the rail by about 2 in., so that the total amplitude of 
wheel vibration reached about 3$in. It was regarded 
as significant of the necessity to achieve a critical rate 
of revolution that no wheel lift was detected in the 
third run, although the speed of rotation attained 
(8-0 r.p.s. = 98 m.p.h.) was only 2 per cent. below that 
of the fifth test (8-15 r.p.s. = 100 m.p.h.). 

A further point of interest, arising from the com- 
parison of the fourth and fifth tests, was that the 
slipping speeds were very closely the same despite the 
fact that the engine-driver was doing his utmost to 
make the speed of wheel rotation faster in the last test 
than previously; and, although the engine was being 
worked at 25 per cent. cut-off, as compared with 30 per 
cent. for the fourth test, the slipping speed was measur- 
ably smaller. 

Examination of the track after the tests just described 
revealed that the head of the rail had been scored by 
the wheel tread to a depth of 0-01 to 0-015in. (0-3 mm.) 
at very regular 21l-in. intervals corresponding to the 
forward movement of the bouncing wheels. The spac- 
ing of these marks on the two rails indicated that the 
two driving wheels were out of phase with one another 





* Ibid. 
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by an angular displacement greater than that between 
the theoretical lines of action of the hammer-blows in 
the two wheels. When the affected rails were removed 
from the chairs, they were found to be cambered, the 
centre of the rail being concave with respect to the 
ends ; which is consistent with the result of a succession 
of small permanent bends introduced by the wheel 
impacts. To a less extent, the rails were also bent 
laterally, the “ four-ft.” side being concave. 

These iminary experiments having demonstrated 
that, however unlikely, it was at least possible for a 
Class 5 engine to lift its driving wheels, and, by so 
doing, to cripple the rails beyond repair and seriously 
to impair the condition of the whole track, it was deter- 
mined to conduct rather more elaborate tests in order 
to ascertain whether wheel-bouncing would take place 
on properly ballasted trackin good condition ; to obtain 
more precise recorded measurements ; and, in particu- 
lar, to discover what reduction of reciprocating balance 
would prevent wheel bouncing without introducing 
intolerable longitudinal and lateral oscillations. For 
this purpose, three Class 5 locomotives, having, respec- 
tively, 67, 50 and 30 per cent. of their reciprocating 
masses balanced, but otherwise nominally identical, 
were prepared and weighed. The diameters of the 
coupled wheels were measured and the rims painted, 
as shown by Fig. 7, page 501, to improve their photo- 
graphic rendering, markings being added to serve as 
a scale of length, to indicate the crank and hammer- 
blow positions, and to show the movements of the 
engine frame. The engines were fitted with speedo- 
meters to guide the drivers, but wheel s were 
subsequently deduced from the film records, the taking 
speed of the cine-camera being periodically calibrated 
by photographing’'a 1 /100-sec. stop watch for a quarter 

a@ minute orso. Relevant particulars of the three 
engines tested are given in the folléwing table. 


Two-Cylinder 4-6-0 Mizxed-Traffic Engines, L.M.S.R. 





Engine No. .. és a --| 5043 
Wheel diameter over tread (in.) ..| 69-7 71-4 71-0 
oo eadine of coupled wheels 
(tons) :— 
Leading { 8-9 8-8 8-8 
Driving per wheel .. -/4 9-7 9-2 9-2 
ag ciliate 8-8 9-2 9-2 
er cent. mass 
need ae ¢ col OF 50 30 
Overbalance forces on coupled 
Lenling, lefthand o7| 2-95| 1-76 
” a (deg.) 51 53-5 | 53-5 
t-hand 2-95 1-76 
@ (deg.) .. 53-5 53-5 
wholé axle 4-47 3-5 2-1 
Driving, left-' 3-31 2-93 1-76 
6 (deg.) 53 53 
t- 3-46 2-93 1-76 
 (deg.) 87 53 53 
whole axle 2-82 8-5 2-1 
, left-hand “a oe 3-85 2-95 1-76 
0 (deg.) eo --| 62 53-5 53-5 
oe oe 3-0 2-95 1-76 
¢ (deg.) - oat @& 53-5 53-5 
whole axle oe «a 3-33 3-5 2-1 














* All values of overbalance given in the table relate to 5 r.p.s. 


The tests were conducted on a piece of straight 
track running approximately east and west, comprising 
85 lb. per bull-head rails, jointed by two-bolt 
fishplates and held by steel keys in three-screw chairs 
on standard wood sleepers. than a year previ- 





Fig. 12. 
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ously, the track had been entirely relaid on 6 in. of 
stone ballast overlying a good subgrade, and it was 
packed into perfect condition prior to each test run. 
Three adjoining 60-ft. rails, to serve as the test length, 
were painted white along the outside of the head and 
additionally marked at 10-ft. intervals along the web 
to provide a scale of distance. Vertical stakes were 
driven into the ground alongside the rails on each side 
of the track at 5-ft. intervals, and identified with lettered 
labels of which the horizontal upper edges served as 
datum levels for the measurement of vertical rail 
movement. Rails crippled in the course of testing were 
renewed as necessary, and the stake label levels 
adjusted. Before each series of trials, the static 
deflection of the track, under the weight of the loco- 
motive stationed near the middle of the test length, 
was measured and found to be in the region of 0-1 in. 
close to the driving wheels. No permanent deflection 
was measurable when the locomotive was withdrawn 
after this static loading of the track. The three test 
lengths, and two preceding lengths, were greased prior 
to each run with petroleum jelly or cylinder oil, applied 
to the heads and inner sides of the rails, as depicted in 
Fig. 8, on page 501. 

The cinema camera was mounted about 60 ft. to 
the south side, opposite the centre of the test length, 
whence an unobstructed view was possible. The track 
being on a slight embankment, the camera was raised 
on a low platform so that its lens was on a level with the 
rails. The telephoto lens, mentioned earlier, was used 
and gave a picture big enough to include two complete 
coupled wheels, of which one was the driver since (as 
before) it showed the most marked vibration. In 
bright weather the photographic results at 64 frames per 
second were consistently good. A few other cinema 
films were taken with the camera close alongside the 
track, to record the transverse oscillations of the wheels 
and engine structure. The experimental procedure, 
while refined in many respects, was essentially the same 
as that. already described for the test on the moving 
locomotive at Derby. Most of the tests were made 
with the locomotive travelling from left to right, so 
that the wheels photographed were those on the right- 
hand side. A few tests were made, however, for the 
opposite direction of travel, the left-hand wheels being. 


photographed. 
Engine No. 5043, having two-thirds of ite reciprocat- 


ing mass balanced, was the same as had been used for 
the preliminary test on a moving locomotive. For 
this reason, it is noteworthy that the highest.rim speed 
track wae 103 m.p.h. (165 km. per 


attained on good 








hour) corresponding to 8-28 revolutions per second, 
associated with a forward speed of 8 m.p.h. The 
sequence of cinematograph frames reproduced in Fig. 
9, ee Oey both wheels on the driving 
axle violently on the rails, the maximum 
Separation on the right-hand side being about 2-4 in. 
(6-1 cm.), made up of 8-1 in. vertical amplitude 
of wheel oscillation and 0-7 in: amplitude of mil 
vibration. Compared with the test on inferior track 
at Derby, the maximum rim speed was only 2 per 
cent. higher, the rail amplitude was only about 
half as great, the separation of wheel from rail was 
20 per cent. greater, and the total vertical amplitude 
of wheel vibration was 11 per cent. smaller. The 
tight-hand rails were ‘badly burned and kinked by this 
test, the ends being lifted and the joints and neighbour- 
ing sleepers severely disturbed, while elsewhere they 
were permanently depressed by more than 0-1 in. in 
. One rail, removed from the track, was seriously 
t (upwards at the ends, relative to the middle) 
to the extent of 14} in. offset in 60 ft. The left-hand 
tails were burned by abrasion at regular intervals, 
but were markedly less damaged by kinking and 
bending than those on the right-hand side. Crippled 
rails are illustrated in Figs. 10 and 11, herewith. 

This same ine was turned, and tested running 
from right to left over the same track after fresh rails 
had been fitted. The maximum slipping speed that 
could ‘be attained was 98 m.p.h., under which condition 
Soeiont ced: oS oe ox ao ae 

t-hand w! ' very slightly. At lower 
90 and 94 m.p.h., no wheel lift occurred on either 
side. On no occasion, throughout nine tests on this 
locomotive at rim speeds ranging from.56 to 103 m.p.h. 
(4-5 to 8-3 revolutions per second), and forward speeds 
ing from 8-to 18-m.p.h., did either of the leadi 
= tlie coupled wheels te from the . 
Slight lateral oscillation was poe visually in the 
trailing coupled wheels. 

For engine No. 5464, with 50 per cent. balance, the 
mean static deflection of the repaired track, under the 
driving wheels, was 0-1 in. in the case of the end rails, 
0-16 in. for the middle rail, and 0-06 in. at rail joints. 
At forward speeds ranging from 10 to 13 m.p.h., slipping 
speeds of 99 to 113 m.p.h. (7-77 to 8-87 revolutions 
per second) were achieved. Below 103 m.p.h. slip, no 
measurable lift occurred. From 103 to 110 m.p.b. slip, 
the amplitude of wheel and rail was considerable, 
but only the right-hand driving wheel act lifted, 
to the slight.extent of 0-4 in. At 112 to 113 m.p.b. 
slip, both driving wheels lifted markedly,.and the 
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leading and trailing coupled wheels also lifted slightly, 
by about 0-1 in., while the trailing wheels exhibited 
more pronounced lateral oscillation than for the engine 
with 67 per cent. reciprocating parts balanced: Measure- 
ments of abrasion on the two rails showed that, when 
both driving wheels were lifting, the left-hand wheel 
made contact about 8 in. after the right-hand wheel, the 
pitch in both cases being 20-5 in. The effect on the 
track was to set the rails permanently down by 0-14 in. 
on the inner (that is, the 6-ft.) side and by 0-34 in. 
on the outer (“‘ cess ’’) side, and to increase the static 
deflection of the middle length of rails, under the load 
of the engine, by 50 percent. The rails were somewhat 
scored by abrasion burning, but only slightly bent, 
the offset being 2 in. or 3 in. in 60 ft. 

During four tests of locomotive No. 5406, with 30 per 
cent. of the reciprocating mass balanced, it was not 
found possible to attain a slipping speed higher than 
99 m.p.h. (7-8 revolutions per second). Vertical 
amplitudes of wheels: and rail vibration ranging from 
0-1 to 0-2 in. were observed, but no separation of any 
wheel from its rail could be detected. At slipping 

of 90 to 99 m.p.h., and forward speeds of 10 or 
11 m.p.h., violent lateral oscillation, recorded by cinema 
shots taken from the line side at the oncoming ss 
was observed in the trailing coupled wheels, the w 
being hard over to the left-hand side when the right- 
hand wheel was hard down on the rail and its balance 
weight just starting to rise. Lateral oscillation of the 
front of the — was less marked, the probable 
explanation of the disparity being that there are no 
carrying wheels to the rear of the trailing coupled 
wheels, and that the frictional resistance to sidewa: 
movement of the wheels across the rails is considerably 
reduced during part of each revolution while the 
oyerbalance force has a large upward component ; 
whereas the four-wheeled bogie in front of the leading 
coupled wheels is steadily loaded and spring-controlled 
laterally, thereby resisting lateral oscillation of the 
front end of the engine. The oscillation of the trailing 
wheels took up all the clearance (% in. = 1-6 cm.) 
between rails and wheel-flanges, and the inner sides 
of both rails were abraded and slightly burned by 
intermittent flange contacts. Otherwise, the rails and 
track were undamaged. No marked longitudinal or 
vertical oscillations of the locomotive were observed. 

Among @ number of points revealed by analysis of 
the film records, the following are noteworthy ; most 
of them are exemplified in Fig. 12, opposite, which 
reproduces, for comparison, graphs derived from the 
films for the engines having (a) two-thirds, and (6) 
30 per cent., reciprocating balance. 

The vertical oscillations of wheels and rails were not 
purely sinusoidal, but showed irregular evidence of at 
least two combined frequencies, the irregularity being 
(not unexpectedly) more marked after separation had 
taken place than when wheel and rail were oscillating 
together without breaking contact. The explanation, 
no doubt, is that the unsprung mass, including the 
wheel, has a certain natural frequency when con- 
strained by two springs simultaneously (the bearing 
spring above and the rail below); and a different, 
lower, natural frequency if and when it separates from 
the rail and is constrained by the bearing spring only. 
The resulting vibration of the wheel formed by the 
combination of these two modes will have a frequency 
which depends on the ratio of the amplitude when out 
of contact with the rail to that when in contact with 
the rail, that is, on the amplitude of the rail, when 
separation occurs. Thus a type of vibration ensues, 
the frequency of which depends primarily on the forcing 
frequency and the total amplitude of vibration, and only 
indirectly on the elastic constants of the system. 

The lowest point, or trough, of vibration of the right- 

hand driving wheel was closely in phase with the down- 
ward hammer-blow, but the peaks lagged behind the 
maximum upwards out-of-balance force by amounts 
varying from very little, with 30 per cent. reciprocating 
balance, to about a quarter of a period when the driving 
wheel of the 67 per cent. balanced engine was lifting 
a considerable distance off the rail. Under the latter 
condition, therefore, the rising excursion of the wheel 
(and also of the rail, since wheel and rail remained 
approximately in phase) occupied about thrice the time 
of the falling excursion. The speed of fall of the right- 
hand wheel was thereby increased, but not necessarily 
the impact of the wheel on the rail, since the latter was 
simultaneously moving downwards. It was uncertain 
from the films whether the damage to the rail was 
augmented thereby, but, as mentioned earlier, observa- 
tion of the track showed that the right-hand rail was 
more severely damaged than the left-hand rail. 
_ In the case of the engine with 50 per cent. reciprocat- 
ing balance, the peaks of lift of the right-hand wheel 
lagged about an eighth of # period behind the upward 
overbalance maximum, while those of the left-hand 
wheel were about the same amount in advance. 

The main outcome of all the trials was to demonstrate 
that L.M.S. Class 6 engines, having two-thirds of their 
reciprocating parts ced, can be slipped at rota- 
tional speeds (equivalent to 100 to 108 m.p.h.)’ high 


favo tions and is a most unlikely 





enough to cause the main driving wheels to bounce on 
the rails and cause serious'damage to the track. This 
can ha only under a combination of exceptionally 
event in 
normal service. In particular, it appears that the 


henomenon is Ey by the en travelling at 

w speed along a patch of greasy rails, and will not 
ocour when the is stationary because the wheel- 
rail friction ealli-aomunen to such a value that the 
— available cannot rotate the wheels fast enough. 

only 30 per cent. of the reci ting mass is 
balanced, no wheel lift occurs within the probable 
attainable slipping speed, but lateral oscillation, 
especially at rear cou wheels, is undesirably 
large iprocating counterbalance to the extent of 
50 per cent. ti re re ts a tical com- 
promise between the possibility of wheel and the 
certainty of undue lateral oscillation. 

The experimental values of rotational speed at which 
wheel bounce occurs are all about the same, despite 
significant differences in the proportion of reciprocating 
counterbalance and in the specific stiffness of the track ; 
and are also only slightly less than the simply com- 
puted values of rotational wheel speed at which the 
centrifugal force of the counterbalance equals the total 
( plus unsprung) load between wheel and rail. 

wheel bounce were an effect of resonance, it would 
be reasonable to expect a markedly lower critical speed 
than that at which centrifugal force equals wheel load. 
Moreover, the experimental bouncing speeds are not 
of the same order as the estimated resonance frequency 
in any likely mode of vertical vibration: Hence the 
conclusion is drawn that the wheel bounce observed on 
two engines in these tests is a forced vibration, not 
greatly affected by variations of track stiffness likely 
to exist on a well-maintained railway. 

The experimental fact that the amplitude of vertical 
oscillation of the driving wheels was consistently greater 
than that of the leading or trailing coupled wheels is 
attributed to the position of the driving wheels near 
the centre of the deflected length of track, rather than 
to differences between the masses and forces associated 
with the several wheels. As soon as bouncing starts, 
that disparity in rail deflection will probably be 
enhanced, with the further con ce that sprung 
weight of the engine will tend to be transferred from 
the drivers to the other coupled wheels, thus raising 
their lifting speed. Such a permanent transfer of 
static loading was, in fact, revealed by weighings of 
individual wheel loads made before and after the 
bouncing tests. 

The effect of bouncing wheel impacts in softening 
the track is not unexpectedly greater on the “cess” 
side, where the ballast is loosely heaped into a shoulder 
at the end of each sleeper, than on the “‘ six-foot ”’ side, 
where the sleeper ends gain some additional s rt 
from the adjacent track at the same level. The relative 
weakness under the “cess”’ side rail, indicated by the 
measurements of permanent rail deflection after the 
tests with Engine No. 5464 (50 per cent. reciprocating 
balance), is suggested to explain why the driving-wheel 
bounce and the damage to the rail were greater on the 
right-hand side than on the left, as consistently 
observed with engines travelling from left to right, 
that is, with their right-hand wheels on the “ cess” 
side. It also seems reasonable to presume that soften- 
ing of the track will be markedly less when the engine 
is travelling forward at its wheel-rim s; posin, 
a hammer-blow only once in about 19 ft., than when the 
wheels are slipping and the blows are spaced about 
2 ft. apart. Hence it follows that wheel bounce and 
track damage may not occur at all at high speeds of 
travel, and, even if they do, are unlik to be so 
severe as when violent wheel slip occurs at low forward 
speed 





THE Society oF ENGINEERS.—The next examinations 
for associate membership and graduateship of the Society 
of Engineers will be held in London, and such other centres 
as may be arranged, in May, 1949. Candidates may 
qualify under one of three broad headings, suitable for 
intending civil, mechanical or electrical engineers. 
Copies of the rules, syllabus and list of exempting quali- 
fications may be obtained on application to the secretary 
of the Society, 17, Victoria-street, London, S.W.1. 
(Telephone : ABBey 7244.) Copies of recent question 
papers are available, price 1s. each, post free. 





ELEcTRIC LOCOMOTIVE FOR SOUTHERN REGION.—A 
new electric locomotive, No. 20003, is now undergoing 
trials and will shortly go into service on the Southern 
Region of British Railways. Although incorporating 
several improvements, it is similar in design to the two 
locomotives of the same type which were built during 
‘the war and have run more than 500,000 miles hauling 
heavy freight trains. The new locomotive can be used 


for both passenger and freight traffic, and is capable of' 


‘hauling passenger trains at speeds up to 75 m.p.h. and 
goods trains weighing 1,000 tons. The locomotive weighs 
105 tons, is 58 ft. 3 in. in length over the buffers, and has 
‘a tractive effort of 45,000 Ib. : 
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NOTES ON NEW BOOKS. 


Road Aggregates, Their Uses and Testing. By Dr. 
Bernarp H. Kwicut, M.1LC.E., and Rana G. 
Kwigut, M.A. (Cantab.).. Second edition. Edward 
Arnold and Company, 41 and 43, Maddox-street, 
London, W.1. [Price 25s. net.] 

Tue first edition of this book, which appeared in 1935, 

supplied a needed description of the types of road 

available in Great Britain and the methods 
used for testing them. The devel mt of the sub- 
ject, especially as regarding test methods, has 
made it necessary to rewrite the book, except for the 
basic petrological descriptions. Material regarding 
modern practice in America is now given in detail. 

Far too much of the literature of highway ring 

is concerned with transition curves and other matters 

of less importance. Nevertheless, the knowledge of 
types of stone is generally rudimentary, as is evidenced: 
by the fact that sedimentary rock can still be bought 
under the name of “ ite.” The method of com- 
petitive tendering makes it increasingly necessary to 
have some accurate knowledge of the relative quality 
of different samples and for the compilation of speci- 
fications to eliminate poor quality material. For these 
reasons, @ new edition of this book is to be welcomed. 

It is a pity, perhaps, that the approach to the subject 

isso academic and that more practical information 

has not been given; for instance, the preparation of 

rock sections for microscopic examination is a 

specialised laboratory technique outside the scope of 

engineering. Short descriptions of some of the major 
quarries could have been usefully substituted for this. 

The book is a useful piece of work, however, which 

highway engineers should find it profitable to study. 





London Airport. H.M. Stationery Office, York House, 

Kingsway, London, W.C.2. [Price le. net.] 
Tus construction of the London airport at Heathrow, 
Middlesex, was in. 1944 and will not be com- 
pleted in its entirety for several years yet ; but overseas 
air services have been using the airport since January 1, 
1946, and therefore the Ministry of Civil Aviation, in 
conjunction with the Central Office of Information, 
have produced this booklet to describe the work so far 
as it has gone and the eventual form that the airport 
and its buildings will take. The style is “ popular,” 
but sufficient technical detail is given to justify the 
claim that its construction is “‘ one of the most imper- 
tant feats of engineering yet undertaken in this coun- 
try.” Up to the beginning of the present year, it is 
stated, the work has involved the moving of 12,000,000 
tons of earth, concrete paving to the extent of more 
than 500 acres, and the: laying of over 40 miles of 
drains. When completed, the airport will cover some 
seven square miles and will be capable of handling more 
than 100 aircraft per hour. 





Diamond Tool Patents : II.—Diamond Abrasive Wheels. 
Edited by P. Gropztnsx1, A.M.I.Mech.E. Industrial 
Diamond Information Bureau, 32-34, Holborn Via- 
duct, London, E.C.1. [Price 10s.] 


Tuis brochure is a companion publication to Diamond 
Tool Patents for Machining Metals and Non-Metallic 

jubstanees, also edited by Mr. Paul Grodzinski, and 
classifies (with a brief abstract in each case) some 400 
British, American, German and other patents dealing 
with diamond abrasive wheels. There is also a table 
in which the various types of diamond wheels— 
metallic bond, resinoid bond and vitrified bond—are 
distinguished, with the corresponding patent numbers 
belonging to each category. An appendix deals with 
patents relating to the production and use of loose 
diamond abrasive ; and an introductory section which 
concisely summarises the essential features in the 
development and application of diamond abrasives. 
The only adverse comment that we would make is 
that a work containing so much industrially valuable 
information deserves a more durable binding than a 
mere paper cover. 





Electric-Motor Control Gear. Starting, Protection and 
Speed. By J. L. Warts, A.M.I.E.E, Published by 
Flectrical Review, Limited, and distributed by 
lliffe and Sons, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 5s. net.] 

Tuts modestly-priced book is a -very business-like 

production, oubaing itself levditealis. to its subject 

without padding or incidental remarks. It is not a 

student’s text-book; neither is it a treatise on the 

design of moter-control gear. It contains only three 
half-tone illustrations, showing cross-sectional views 

of time-lag arrangements; there are, however, a 

number of sketches illustrating details of various 

types of gear. It is assumed that the reader has a 

‘general knowledge of electrical apparatus and that it is 

not necessary to tell him what a face-plate starter is 








like. To this somewhat negative description of a 
useful book a more positive account of its contents 
must be added. It consists of ten chapters each dealing 
with some specific aspect of control gear. Its method 
may be illustrated by reference to the chapter entitled 
** Speed Control.” This reviews the various methods 





available for controlling the speed of the various types | ' 


of motor from a simple external resistance with a direct- 
current series motor to an induction regulator with a 
polyphase commutator machine. Speed control by 
pole changing, frequency changing or Ward-Leonard 
equipment are described. The advantages, and dis- 
advantages, of the various systems are dealt with 
and the necessary diagrams and descriptive sketches 
are added. Other chapters deal with a 
and torque; protective gear; reversal and 

and various other aspects of the general subject. As is 
pointed out in the preface, many types of motor-control 
gear are in use and there is little standardisation, and 
the overall treatment from the point of view of general 
principles which is provided should be of value to those 
engaged in installation and maintenance. A series of 
diagrams of connections for both standard and some 
special gears is given ; these, like other diagrams in the 
book, are clear and of adequate size. 





The Economy of Timber in Building. By R. G. 
Bateson, M.A. (Oxon.). Crosby Lockwood and 
Son, Limited, 39, Thurloe-street, London, S.W.7. 
[Price 7s. 6d. net.] 

EVERYONE connected with the simple operations re- 

quired for the construction of canal dwelling houses 

and similar structures knew, or easily consulted tables 
to ascertain, the right scantling of timber to employ ; 
and the Model Building Bye-laws would assist if there 
were any doubt. The present scarcity of timber, 
however, has compelled all concerned to consider 
these matters anew and very carefully. Various 
Ministry pamphlets and instructions have been issued, 
laying down the maximum sizes which may be 
employed on all occasions, and designers must take 
these into account in keeping down their require- 
ments to the quantity per house permitted by the 
regulations. To those trained in the old ways, this 
intrusion must come as something of a shock, and 
any reasoned explanation and support of the standards 
now permitted should be correspondingly welcome. 

Mr. teson’s little book undoubtedly meets an 

urgent need. His general chapters on the use of 

timber in building are of considerable interest and 
bring a fresh light to bear on an old subject, and his 
more technical chapters make practical suggestions for 

a more economical use of timber both for “‘ carcassing ”’ 

and for finishings. A useful chapter discusses the 

possibilities of reducing the timber requirements for a 

normal small house to one “standard ” of soft wood, 

and a further chapter deals with timber substitutes. 

The book contains some well drawnillustrations explain- 

ing the author’s suggestions and there are a number of 

useful tables. A concise bibliography and index 
complete a book which can be recommended to those 
concerned with building, especially of houses. 





Caledonian Railway Centenary, 1847 to 1947. Published 
by the Stephenson Locomotive Society. Copies 
obtainable from F. H. Smith, 159, Davidson-road, 
Croydon, Surrey; and R. A. H. Weight, 198, St. 
Helens-road, Hastings, Sussex. [Price 5s. 4d., post 
free.] 


Ir this hook were not comparatively small, a reviewer 
might be excused for describing it as an encyclopedia, 
giving the chapter headings, and leaving the matter at 
that. There are, in fact, only some 70 pages, including 
several with illustrations, but they contain much 
detailed information on every aspect of the Caledonian 
Railway history, including the origin and development 
of the company; the locomotives and rolling stock; 
steamships, docks, harbours and canals; _ civil- 
engineering works; tickets; and the chairmen and 
officers of the company. The book is the work of a 
number of contributors; it is concise, yet generally 
readable. There is, however, no consistency in 
giving references to sources of information: surely, in 
the case of a book such as this, which must have taken 
much painstaking inquiry, all references should be 
given. They might save a future historian extensive 
investigations. An Act of July 31, 1845, authorised 
the construction of the first lines of the Caledonian 
Railway and the first train ran from Beattock to 
Carlisle on September 10, 1847. The route northwards 
from Beattock, diverging at Carstairs to Edinburgh 
and Glasgow, was opened on February 15, 1848. 
Thus, the West Coast route from London to Scotland 
was complete. The development of the company 
is reviewed in some detail up to the time of its absorp- 
tion into the London Midland and Scottish Railway 
on July 1, 1923. 
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** ENGINEERING "* ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE AOTS OF 1907 TO 1939, 
The number of views given in the Specification pPpomsings 

is stated a4 each case; where none is mentioned, 
Specification is not illustrated. 


Where inventions communicated from abroad. 
Names, anual Deleeemmtinterarcgien te tale” 


“* Sealed” is 
, at any time within two months 
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MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


601,451. Grease Gun. Uni-Gun Lubricating Equip- 
ment, Limited, of London, and I. C. Martonfalvy, of 
London. (3 Figs.) January 16, 1945.—The invention 
is a grease gun having a simple and readily controllable 
power drive for the reciprocating parts. The main body 
10 of the grease gun has a cylindrical bore the outer end 
of which communicates through a non-return valve 11 
with the ejection nozzle 13. The bore also communicates 
through a passage 14 and a non-return valve 15 with a 
grease reservoir 17. Reciprocally mounted in the 
cylindrical bore of the body 10 is a plunger 18 having a 
groove 19 extending longitudinally along a part of the 
length of the plunger, which groove is engaged by a 
set screw 20 to prevent rotation of the plunger. The 
réar of the body 10 is of hollow cylindrical form, the end 
being closed by a cover plate 22 carrying an inner cylin- 
drical sleeve 23 which extends into and is spaced away 
from the walls of the cylinder 21 to provide a housing 
for the compression spring 24. Within the cylindrical 
extension 21 and attached to the rear end of the plunger 
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18 is a cup-shaped member 25, the rim of which bears 
against the spring 24. The inner sleeve 23 supports an 
electric motor 26, the bearings of which are carried on 
spiders 27 and 28. One end of the motor spindle carries 
@ gear 31 engaging a further gear 32 carried on a shaft 
on which is mounted a lead-screw 33, the axis of which 
is parallel with that of the plunger 18. The shaft 
carrying the leadscrew is supported in bearings 34 
and 35. Pivoted to the rear end of the plunger 18 is an 
arm 36, which carries a follower 39 capable of engaging 
the lead-screw 33. When in such engagement, it moves 
the plunger 18 against the action of the compression 
spring 24. A trigger 40 is arranged so that, when 
operated, it presses the follower 39 into engagement with 
the lead-screw 33, after which further movement of the 
trigger operates the switch 50 to energise the motor. 
When the follower 39 has nearly reached the end of the 
lead-screw 33, it is disengaged, and the plunger 18 
ejects the grease from the nozzle 13 under the action of 
the spring 24. (Accepted May 6, 1948.) 


SHIPS AND NAUTICAL APPLIANCES. 


602,038. Rafting Equipment. L. Holroyd and D. C- 
Bailey, both of London. (11 Figs.) October 11, 1945.— 
This invention is concerned with rafts for transporting 
vehicles. Its object is to provide rafting equipment in 
which the ramps may be adjusted readily to suit bank 
heights varying from water level to about 6 ft. above 
water level, without any preparation of the banks being 
necessary. The raft described has a load-carrying 
capacity of 12 tons and is intended for the transport 
of military equipment. Buoyancy is provided by four 
pont ° pled together stern-to-stern in pairs, so as 
to form two piers each 40 ft. long, spaced with their centres 
21 ft. apart. Near its stern, each pontoon is fitted with 
a steel framework 5 which is secured to the deck of the 
pontoon; and four roadbearers 6, of high-strength 
aluminium alloy, are supported on the saddles 5. Two 
ramps 9 are provided at opposite ends of the roadbearers 
6, these ramps comprising four roadbearers which are 
hinged to the roadbearers 6. The two ramps are made to 
balance each other by means of steel wire ropes 12 
passing over hinged queen posts 13. These posts are 
fitted with restraining chains 14 to prevent them from 
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ends of the ramps. Four 30-cowt. ratchet+operated jacks 
15 are provided at each of the posts 13 for effecting initial 
adjustment of the ramps. The latter are raised by 
working equally on the jacks 15 to keep the end of the 
fish ramp horizontal. When balanced, the ramps 
are slightly raised above the horizontal as indicated in 
full lines in the drawing. When approaching the shore, 
either ramp can be raised by simply walkinz along the 
other. The articulation of the ramp hinges is limited 
in one direction by the lower flanges of the roadbearers 








11 deg. below the horizontal. Each of the ramps 
terminates in a shore transom 16 to which are hinged 


two shoreramps 17. The roadway of the raft is composed 
of deck panels consisting of medium-strength aluminium- 
alloy castings, which rest on the outer ribs of a W-section 
beam extruded from medium-strength aluminium alloy 
and running longitudinally on the top flange of each 
of the roadbearers, (Sealed.) 


MISCELLANEOUS. 


602,126. Production of Lenses from Plastics. Com- 
bined Optical Industries, Limited, of Slough, Buckingham- 
shire, and J. Johnson, of Slough, Buckinghamshire. 
(1 Fig.) October 12, 1945.—This invention consists 
in means for the production of lenses having an optically 
accurate finish from plastics such as methyl methacrylate, 
allyl methacrylate or polystyrene. In the drawing, 
12 is a preformed blank of transparent plastic material, 
13 is the lower die and 14 is the upper die oppositely 
disposed to the lower die (both shown with concave 
inner surfaces and flat outer surfaces). The upper die 14 
is screwed into a metallic socket 15, which is rigidly 
secured to the upper platen 17 of a press. A block 16 of 
polystyrene or similar insulating material is placod 
between the die socket 15 and the platen 17 so that 
electrical contact between the two elements is prevented. 
The lower die 13 can slide in the metal surround 18 
to allow a limited movement of the die relative to the 
lower mounting. The surround 18 is rigidly attached 
to the mounting 19, which, in turn, is secured to the lower 
platen 20. A helical spring 21 between the lower die 13 
and the mounting 19 restrains the downward movement 
of the die 13. There is electrical contact between the 
lower die 13 and the lower platen 20 through the inter- 
mediate elements which are all of conducting material, 
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and the lower platen 20 is earthed through the frame of 
the press. The lower platen 20 is movable relative to the 
upper fixed platen 17. To mould the preformed blank, 
the press is opened and the blank placed on the lower 
die 13 which is forced partly out of the surround 18 
by the action of the spring 21. The lower platen 20 is 
now raised until the upper die 14 is within a very small 
distance of the blank, and the current from a high- 
frequency (30 to 60 megacycles per sec.) generator, one 
terminal of which is connected to the terminal 22 on 
the die socket 15, while the other is earthed, is switched 
on. The dies act as the plates of a condenser having 
between them a block of dielectric material (the blank 12). 
Owing to the high-frequency of the voltage applied to 
the plates of the condenser, the losses in the dielectric are 
considerable, and the temperature of the blank is in- 
creased. The dies, on the other hand, being of metal, are 
highly conducting so that the heat generated by the 
passage of current through them is inconsiderable. Hence 
the dies remain cold while the blank is heated to moulding 
temperature. When the blank reaches moulding tem- 
perature the current is cut off and moulding pressure is 
applied to the blank by movement of the lower platen 20 
towards the upper platen 17. The lower die 13 is forced 
within the surround 18 by. this movement before the full 
moulding pressure is applied to the blank. The moulding 
pressure is accompanied by a rapid cooling of the blank 
owing to the close contact between the blank and the dies 
and owing to the large thermal capacity of the dies 





falling outwards when coupling the ropes 12 to the shore 





compared with that of the blank. (Sealed,) 
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DEVELOPMENTS IN THE 
CORRECTION OF MAGNETIC 
COMPASSES. 


By G. N. Harvey, O.B.E., Ph.D., B.So. (Eng.), 
A.M.LE.E. 


Tas article records the recent development, 
by the author, at the Admiralty Compass Observa- 
tory, of two new methods of correcting magnetic 
compasses. The first is the ‘ Point-by-Point ” 
system, the application of which forms an entirely 
new departure in comp.ss-correction technique, 
specially designed to exploit the possibilities of the 
new transmitting types of magnetic compass. The 
second is of general utility and deals with the 
correction of heeling error in binnacles fitted with a 
Flinders bar. 

As the mathematical treatment of the errors of 
magnetic compasses is not very generally studied, the 
fundamental theory necessary for the understanding 
of this article is briefly outlined below. The simple 
explanation given here does not follow exactly the 
classical development worked out by Archibald 
Smith from the fundamental equations due to 
Poisson, but is restricted to the consideration of 
those components of the deviating forces which are 
directed at right angles to Magnetic North. This is 
sufficient for our purpose, for, if we can create 
corrective forces which exactly counteract these 
deviating forces, the needles will point accurately 
to Magnetic North, thus providing, firstly, the 
accurately corrected compass which we are aiming 
to produce, and, secondly, an indication of the 
magnetic course which is the essential angular 
argument of which the deviating force is a simple 
periodic function. 

Deviating forces are due to permanent magnetic 
poles existing in the hull, and poles induced in 
the hull by the Earth’s magnetic field. Since the 
theory must suit any compass position, the effect of 
the permanent poles can be represented by one 
constant field vector, which may be expressed by 
its three components mutually at right angles. 
Since this polarity is fixed in direction with reference 
to the hull, we choose axes also fixed with reference 
to the hull. These are: X axis, forward; Y axis, 
to starboard in the plane of the deck; and Z axis, 
downwards at right-angles to the deck. We then 
express this constant field vector by three constant. 
components, P, Q and R, directed along the X, Y 
and Z axes, respectively. Having chosen these 
axes, we now resolve the Earth’s total field vector 
into components X, Y and Z directed along the 
axes so named. We next consider the field due 
to the transient poles induced in the hull by X. 
This field is represented by its three components : 

aX, directed along the X axis ; 
dX, directed along the Y axis; and 
g X, directed along the Z axis. 


Here, a, d and g are constants of proportionality, 
and the above theory implies what is demonstrably 
true, i.e., that to a high degree of accuracy, the 
strength of the induced poles in the hull of a ship is 
governed almost entirely by demagnetisation equili- 
brium, thus making their strength directly propor- 
tional to the strength of the inducing force which 
causes them. Taking the field due to the transient 
poles induced by Y and Z, these may be written : 

b Y and c Z, directed along the X axis ; 
eY and f Z, directed along the Y axis; and 
h Y and k Z, directed along the Z axis. 

Thus, if the total field at the compass has com- 
ponents X’, Y’ and Z’, directed along the X, Y and Z 
axes, respectively, we may write : 


X’ =X +aX+bY+eZ+P  & 
Y=Yt+dX+eY+S/Z+Q - (2) 
Z=Z+gXt+hYtkZ+R - @) 


These three formule define the total field vector at | quired. 


the compass position. If the deck plane remains 
horizontal, we may express X, Y and Z in terms of : 

H, the horizontal component of the Earth’s field ; 

¢, the magnetic course; and 0, the angle of dip. 
We also express X’, Y’ and Z’ in terms of: H’, 
the horizontal component of the total field at the 
compass, and ¢’, the compass course. 





ENGINEERING. 
We define the deviation as 8 = {— {’. These 
os = Hoos {; X’ = H’ cos (’; Y = —Hsin {; 


= — H’sin (’; and Z=Htan 6. Substituting 
in equations (1) and (2) :— 


H’ cos {’ = Hoos { +aHcos{—bHsin£ 
+cHtan@+P . (4) 

—H’sin ( = —~Hsin {+ dH eos { —eHsin{ 
+fHtan0+Q . (5) 

Multiplying equation (4) by sin %, and equation (5) 


by cos {, and adding, gives : 
H’ (sin {cos {’ — cos {sin {’) = H {1 — e) sin {cos 
+ dcos* { — bsin? [ + (ctan @ + x) ata & 


+ (stan 0 + 2) cos £} ian 


Therefore, 
H’ sin ({-(’) =< H’ sind = H (“2+ (ctana+z) sng 


_ d+b 
+ (stan 0+8) cos [+ — sin + cos 2} 


(7) 
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But H’ sin 8 is the deviating force towards Magnetic 
East. Hence, the deviating force may be written :— 


A + Bsin { + Coos f + Dsin2f + Ecos2¢ (8) 








where, 
d—b 

a-H( 7 ) oerstods, 
P 

B=H (ctan 6+ =) oersteds, 
Q 

C=#$H stan 6 +5 oersteds, 

D= <=") oorsteds, 

E = 


H (12) oersteds. 


These force coefficients, A, B, C, D and E, must 
be reduced to zero if the deviating force is to be 
completely eliminated. 

The normal method of correction makes use of 
permanent magnets placed fore and aft in the 
binnacle to correct P, the forward component of the 
permanent field at the compass. It uses perma- 
nent athwartship magnets to cancel Q. cHtan 0 
(=cZ) and fH tan @(= fZ) are corrected by the 
Flinders bar, the field cf which varies as Z, as re- 
D is eliminated by making a = e, by means 
of spheres fitted to the binnacle, as shown in Fig. 1 
on this page. Aand E are kept negligible by fitting 
the compiss amidships, thus making both d and 6 
small, Note that with the comp.ss amidships, the 
athwartship component of the field due to the poles 
induced by X is probably zero, i.e., dX =0, or 
d = 0, since X is not zero. 





Consideration shows that amidships we should also 
expect zero value for the forward component of the 
field due to the poles induced by Y, ie., b Y = 0, 
hence 6 = 0, since Y is not zero. Thus, a carefully 
chosen position reduces both A and E to small 
errors, The difficulty of a accurate correc- 
tions is obvious. There is nd heading upon which 
less than three correctors are acting at once. For 
final accurate adjustment, their effects can only 
be disentangled by some form of analysis. This 
entails recording both the sign and the size of the 
deviation, and then making p2rtial corrections to 
the deviation on some of the headings. The conclu- 
sion to which we are driven is that compass correc- 
tion is a job for which special training and experience 
is required. This is confirmed by the fact that 
only certified compass correctors are allowed to 
adjust ships’ compasses. 

We now list the qualities which would make a 
correcting device suitable for use by an untrained 
operator, who has never previously adjusted a 
compiss, and cannot remember in which direction 
the deviation is positive. In the hands of such an 
untrained individual, any correcting device requiring 
to be set by analysis would be useless. Setting out 
the qualities needed in the correcting device, we 
have: (1) to avoid ever having to record or measure 
the deviation, the only acceptable method of 
correcting the comp3ss must, on every occasion, 
consist of removing the whole of the deviation on 
that particular heading ; (2) the result of removing 
the whole of the deviation on each of a series of 
headings must leave the deviation effectively zero 
on all headings; this is because the untrained 
operator is unable to detect when a deviation is 
plus or minus; (3) the order of correcting on the 
various headings must either be easy to remember 
systematically, or preferably it should be a matter 
of complete indifference in what or er the headings 
are taken ; and (4) the headings on which corrections 
are made should be easy to remember and should 
not be too numerous. 

This is a formidable list, yet the new Point-by- 
Point correctors, which have been designed to work 
with transmitting m»gnetic compasses, completely 
satisfy these four requirements. Unfortunately, in 
order to achieve this opcrational simplification, it is 
necessary to treat the force coefficients A, B, C, 
D and E as constants. The result is that Point-by- 
Point correctors, although obviously valuable for 
local use, cannot be applied where the vessel crosses 
the ocean to places where H and @ have quite 
different values. The operation of all Point-by- 
Point correctors is founded upon the W-function 
cam, the theory of which is expliined below. 

The theory of W-functions shows how to express 
the sum of the first N terms of a truncated Fourier 
series in terms of the values which that sum takes 


at N steps of the argument, each step being z. 


It is shown that the required sum, at any given 
value of the argument, may be obtained by adding 
together the products of the N step values of the 
series, each with the same periodic function of the 
angle between that pirticular step and the given 
value of the argument. To express this mathe- 
matically, let 


f(D =A +Ccosl + Bsin {J + Ecos 2f + Dsin 2f 
+Geos3f ... toNterms. . - (9) 


The usual symbols of compass theory are used 
here, but they are arranged so that they enter the 
expression in the correct order as N increases. Let 
us now assume that : 


r=N-1 r r 
IH= B. 1(2 a Wx (: — 20 x): (10) 
This expresses in symbols the statement made 
above. t (22), r=0 to r=N-—l1, are the 
N values of the series at the N steps of the argu- 
ment; and ¢ — 20 »r=0 to r=N-—1, are 
the N arguments of the function W,, (0), where 


6 = f, (< - 3). (¢-2 x= 
(¢-a-n x 2). 
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W,, 9 is the W function, which is the same func- 
tion for each of these arguments. 

It may be proved that f({) may be expressed by 
the identity (10) ; and for this to be so :— 
=n—1 


e lll 


when N = 2n 


1 : Ps 
Yam - = + -{ 





(11) 
P 1 2 fen 
Wen+1(S) “ast + agra { x cosr t} 
3 r=1 
when N = 2n +1 
Alternatively, (11) may be written :— 
sin (2 ?) cos (3) 
Wen (6) = z 
2n sin (5) 
(11a) 


sin (cn +1) ‘) 
(2n + 1) sin (3) 
2 


The values of W, (2), at the N chosen points, 
can be determined directly from equation (10) by 
putting =0. The right-hand side of that equation 
must yield f (0), hence : 


Wen+1 (6) = 


of f (f) at the remaining (N — 1) points. Values 
of W, (¢) at other points may be computed from 
(11) or (lla). The chief value of (11) is that it is 
the form from which the proof of the identity may 
he obtained most easily. As an example of the 
procedure, consider N = 8, then :— 


Wg (f) = $ + 3 (cos { + cos 2f + cos 3f + $08 40) 


or t f 
aa sin (3 x :) cos (3) 


= 


Then the identity becomes : 

S(0) = dy Wy (0) + dy Wy (f — 45) + dy Wy (f — 90) 
+ dg W, (f — 135) + ds Wa (Cf — 180) 
+ dg Wg (f — 225) + dy Wg (f — 270) 





+ dg Wz (f — 315), (12) 
where 

d, =f(0), dy =f (45), dy = f (90), 
and so on. 


For a graph of W, (9), see Fig. 2, on thir page. 
At this point, for the sake of clarity, we introduce 
two new functions defined, respectively, by : 


Wan (0) = (13) 








Wy (0) =1, and Ws (272) =o, re 0. 


Wan (8) 
cos 6 


These functions are chosen because they are 
always finite. wn (0) is illustrated in Fig. 3, on 
this page, where n = 2, 

It has been shown that the deviating force of 
the magnetic compass may be accurately repre- 
sented by f(¢), where N = 5, but for the sake of 
simplicity, it is desirable to correct for a deviating 
force represented by f (%), where N = 6, or N = 8. 

Case 1, where N = 4, 8, 12, 16, etc.—To counter- 
act the deviating force, we first set up a corrective 
magnetic field at the compass, produced by an air- 
cored magnetic coil mounted in the binnacle, so 
that its field at the compass is directed towards the 
starboard beam of the ship, and is of strength 
U; Win (C), where { is the magnetic course. Then 
the component of this force to the east is : 

U1 Wen (f) cos f = uy Wen (0). 

To complete the correction, we set up 4n forces 

of strength : 


ret wan (5 - 292), r=0 to r= (4n — 1), 
in directions 2x —, r = 0 . 2 « £m in —1) 


anti-clockwise of the starboard beam. These 
forces have easterly components : 


Ur +1 Wan (¢ - 2m 2) cos (£ _ oz), 
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with 
r=0 tor = (4n — 1), 
the sum of which is : 


r=(4n—1) r 
< wr Wan (0 - 29 2), 


and if Ur+1 be adjusted so that Urn, = dr +1, 
by (10) this sum is —f({), where f ({) has 4n terms. 
Thus these 4n corrective forces, the directions of 
which are fixed in the binnacle, can be made to 
cancel the deviating forces exactly for all values 
of {. The necessary adjustment by which ur; is 
made equal to — d,+1, merely consists of altering 
the value of up; until, on that particular heading, 
there is no deviation remaining; the required 
per.odic form of variation (wg) being the same for 
each corrective force, but displaced in phase by an 
angle = each from the next. 

Case 2, where N = 4n + 2.—For these values 
of N, viz., 2, 6, 10, 14, ete., the first corrective 
force is set up in the direction = to anti- 

n + 
clockwise of the starboard beam, and is of strength . 
U1 Wenge (2), 
(see equation (14) ). 
The easterly component of this is : 


U1 U4n +2 (C) cos ( - OG 
= uy Wenge (0) = 41 Wy (0, 


7 


where 
N = 4n + 2. 
To complete the correction 4n + 2, forces are 
set up of strength : 
os P t 2rr 
uw 9 - —— . 
T+1Wan+2 4n +2 
where 
r=0 to r=#4n+1 
with respective directions 


w(2r +1) 





(4n +2)’ 
where 
r=0 to r=4i4n+1, 
to anti-clockwise of the starboard beam. These 
forces have easterly components : 


- ot r Qar ott a (2r + 1) 
D ° _ a cos = - ‘. 
res ene 4n +2 : 4n +2 


where 








r=0 to r=4n+1; 
the sum of these by (14), where 


ia (: ~ mei) 








rmd4n--1 ' Inr 
oy Ur+1 Ww 4n+2 ( —_ in + ;). 
and if w+, be adjusted so that ups1 = — dp4y 
2arr 





=t(< 4. »). then by (10) this sum is — f (2), 


where f ({) has 4n + 2 terms. 

The main parts of the electromagnetic Point-by- 
Point corrector for eight points are: the cam; 
followers ; eight main potentiometers ; adjusters ; 
and coils. The cam is driven by the compass, 
which is being corrected, so that the departure of 
its zero axis from the line of action of No. 1 follower 
is ¢, the magnetic course. It is cut to the form 
W4n (%) + k, so that when it is revolved it imparts 
to its first follower a movement wn, (f). Fig. 4, 
Opposite, shows the arrangement. There are eight 
followers at 45 deg. intervals, the rth of which is 
moved in accordance with wg, ({ —r x 45). The 
eight main potentiometers are arranged in parallel, 
and are fed from a regulated voltage supply. Each 
follower operates the slider of its main potentio- 
meter, so that the voltage output from the rth may 
be written k wa, (€ — r X 45), where k is a con- 
venient constant. The voltege of each mzin poten- 
tiometer feeds an adjusting double-gang potentio- 
meter, the voltage output of which may be written 
M, Wan (€ — r xX 45) for the rth adjuster. 

The coils are located as described in Case 1. The 
eight adjusters feed the eight corrector coils, the 
value of m, being adjusted in each case, so that the 
corrective field of that coil cancels all the deviation 
on its particular heading, viz., up41 = — dp+1. 


Thus it will be scen that the corrective force: 
Uy, Ug, Ug, etc., may be set to cancel the deviating 
forces d,, d,, ds, respectively, and so long as u,+ d, 
=0, u,+d,=0, ete., the order in which the 
adjustments are made is immaterial. Figs. 5, 6 and 
7, Opposite, show the circuit diagram of a com- 
plete electromagnetic Point-by-Point corrector, in 
which a summation network makes two coils per- 
form the duty of the eight mentioned above. The 
corresponding points in the three drawings are 
connected, although they have been disconnected 
for convenience in the illustrations. A clockwise 
rotation of an adjuster brings the contact marked 
with a suffix (,) up to the voltage of the slider of 
the main potentiometer. 


(To be continued.) 
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Industrial Health Engineering. By ALLEN D. BRANDT, 
Sc.D. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6 dols.]; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 36s. net.] 

INDUSTRIAL health engineering may be defined as 

the science of eliminating harmful conditions from 

the industrial environment. Industrial health 
hazards include atmospheric contamination ; high, 
low, or rapidly changing temperature; high 
humidity ; and various forms of radiant energy. 

Also, noise, inadequate illumination, undue fatigue, 

and other conditions may adversely affect the health, 

morale, and efficiency of employees. In this book, 
which is by a former member of the United States 

Public Health Service (now industrial health engi- 

neer to the Bethlehem Steel Company of Pennsyl- 

vania), a list of 140 industrial health hazards is 
given. In a further list, these are related to various 
occupations, including some of a non-industrial 
character. Some occupations (for example, pile 
driving) are listed as having a single hazard only, 
but others are potentially more dangerous ; welding 
and varnish-making involve 22 and 23 hazards, 
respectively, while pharmaceutical workers are 

exposed to no fewer than 55. 

The greater part of the book is devoted to 
methods of dealing with atmospheric contamina- 
tions, which are classified, for engineering purposes, 
as dusts, fumes, smokes, mists, gases, and vapours. 
The technique of sampling is not described, but the 
principles are stated and reference is made to 
sources of detailed information. The theory of 
exhausting through local hoods is explained with 
great care; this is a highly specialised subject, 
which rarely receives adequate attention in text- 
books on ventilation. Examples of design are 
worked out, and appropriate measures for a variety 
of industrial operations are described in detail. 
Interesting chapters deal with dust collectors, of 
both the filter and the cyclone types, and with 
exhausters. Normal heating, ventilation, and air 
conditioning, as applied to industrial premises, are 
dealt with; but the author remarks that, on the 
evidence available, it is impossible to say whether 
air conditioning has any influende, beneficial or 
otherwise, on the incidence of respiratory diseases. 

The precautions necessary to guard against the 
hermful effects of radioactive substances are 
described, together with methods of dealing with 
ultra-violet and infra-red radiation ; but, regarding 
the latter, the surprising lack of exact data is 
emphasised. The desirability of eliminating or 
reducing noise is beginning to be realised, and some 
useful quantitative information is given. A reduc- 
tion of 8 decibels in an office building resulted in a 
25 per cent. reduction in errors; and the removal 
of an instrument-assembly process from the vicinity 
of a loud noise effected 37 per cent. increase in out- 
put, and 68 per cent. reduction in rejections. Other 
subjects dealt with are respirators and protective 
clothing, natural and artificial lighting, and sani- 
tation. A bibliogrephy of 221 titles demonstrates 
the growing importance of industrial hygiene, in 
which post-graduate courses are now available in 
America. The book should be of value to all 
interested in the provision and maintenance of good 








working conditions in industry. 





Plasticity as a Factor in the Design of Dense Bituminous 
Road Carpes. By L. W. NiJBOER. Elsevier Pub- 
lishing Company, Incorporated, Amsterdam; and 
Cleaver-Hume Press, Limited, 42a, South Audley- 
street, London, W.1. [Price 28s.] 

Tus work, which represents a considerable advance 
in the theory of bituminous road surfacings, has 
been written by a research worker at the Amsterdam 
laboratories of the Royal Dutch Shell Group. 
The distillation of crude petroleum to provide 
petrol and other products has resulted in large 
quantities of residual material being available. 
Although much research has been carried out on 
the composition of bituminous carpet mixtures, 
most of the advances in producing surfacings 
capable of standing up to the needs of high-speed 
traffic have resulted from trial-and-error experi- 
ments. Scientific analysis is complicated by the 
fact that, to some extent, bituminous materials are 
elastic, and, to some extent, plastic; that is to 
say, they are subject to permanent deformation 
by the application of stresses, as in rolling. The 
author set out to study the resistance to plastic 
deformation. 

For this purpose, he developed the triaxial 
shear-test method, which was first used for soil 
mechanics, and reduced the problem to three 
physical factors, namely, the coefficient of friction, 
the viscosity and the initial resistance. The 
author demonstrates that the number of points 
at which the particles of aggregate in the mixture 
are in contact is important, and recommends that 
the ratio of the finest aggregate (the filler) and the 
bitumen should be determined first. The coarse 
aggregate affects the property of the mixture mainly 
through the proportion present and not through its 
size, although, for practical considerations, the 
largest aggregate should be limited to about two- 
thirds the dimension of the rolled-carpet thickness. 
A section is devoted to the compaction of materials 
by rollers and by the action of traffic. It is shown 
that, for a three-wheel roller, the danger of shoving 
the carpet in front of the roller must always be 
greatest under the non-driven wheel because of the 
horizontal force. 

Mr. Nijboer has set out his arguments clearly and 
his book can be recommended to research workers 
in this field and those concerned with the production 
of materials. The practical highway engineer is 
unlikely to obtain much help from it in compiling 
specifications, but, if he would co-operate with the 
research worker, and lay down in each year at least 
one small section of experimental surfacing, progress 
would result. The author does not pretend that his 
research represents the last word on bituminous 
carpets, but submits it rather as an attempt to 
bring the knowledge of the mechanical properties 
of the material to the same level as that of steel 
and similar substances. 


The Performance and Design of Alternating Current 
Machines : Transformers, Three-Phase Induction Motors 
and Synchronous Machines. Second edition. By 
PROFESSOR M. G. Say, Ph.D., M.Sc., M.LE.E. Sir 
Isaac Pitman and Sons, Limited, Parker-street, Kings- 
way, London, W.C.2. [Price 25s. net.] 

THE term “alternating current machines ” covers 
a wide field and it is suggested in the preface to this 
book that turbo-alternator design may be held to 
fall within the scope of the first part of this title. 
It is stated, however, that an adequate study of that 
subject ‘‘ would take a volume in itself, at least: one- 
half of which would be devoted to subject-matter 
of entirely mechanical concern.” The latter pirt 
of this remark is an indication of the nature of the 
book, which “is not intended to teach commercial 
design.” It may be said to deal with basic prin- 
ciples, but that does not mean that construction wl 
questions are ignored. For each of the three muin 
types of machine dealt with, there are chvpters 
concerned with construction’! details, adequitcly 
illustrated by diagrams and reproductions of photo- 
graphs. The ficld covered by the book is indic ited 
by the second prt of its title, and the remark about 
turbo-alternator design in the preface is not to be 
taken to indicate that the electricil generators 
forming part of turbo-sets are ignored. They are 
fully treated in the chapters dealing with synchro- 
nous machines. 
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The book was first published in 1936, and has 
been reprinred three times since then, so thet it has 
evidently established a position for itself as a 
ustful text-bcok. What changes have been m de 
in the second edition sre not indicated, but it is 
stated that ‘‘ much of the book has been rewritten.” 
It is understandable that more than ten years’ 
experience in the use of the book by students and 
others may have suggested changes in methods of 
presentation, and possibly the addition of new 
matter, but it does not appear that the scope or 
general contents have been changed. Probably 
students constitute the majority of those who use, 
and have used, this book, but its appeal is to a 
circle which includes designers and operating 
engineers, both of which classes, if they are earnest 
about their work, remain students. Although it is 
not intended to teach commercial design, the 
treatment of theory is linked with its practical 
application ; the consideration of performance in 
connection with design, which must influence the 
former to a considerable extent, is a ve luable feature 
of the volume. It is referred to above as a “ text- 
book,” but this is perhe ps not an altogether accurate 
term; “treatise? would be better. Exemination 
questions are not included, nor worked examples, 
but probs bly the student is <1] the better for study- 
ing a logic:] and progressive treatise designed to 
give a preper understanding of a subject, rather 
than one aiming at the elucidation of the particular 
problems which an examiner may be expected 
to set. 





THE NEWCOMEN SOcIETy.—At the annual general 
meeting of the Newcomen Society, held at the Iron and 
Steel Institute, London, S.W.1, on November 3, Dr. A. P. 
Thurston, M.B.E., was re-elected President, and Professor 
R. J. Forbes, of Amsterdam, was elected vice-president to 
fill the vacarcy caused by the death of Captain E. W. 
Swan, O.B.E. Four new members of council were 
elected, namely, Mr. B. Baxter, Mr. R. H. Clark, Mr. P. C. 
Dewhurst, and Mr. A. Stowers, B.Sc. (formerly joint 
honorary secretary, who is succeeded in that office by 
Mr. A.S.Crosley). Following the annual general meeting, 
@ paper giving ‘‘Some Account of Locked-Coil and 
Flattened-Strand Wire Ropes ” was read by Mr. T. H. 
Davies. The next meeting is to be held on Wednesday, 
December 8, at 5.30 p.m., at the Science Museum, South 
Kensington, 8.W.7, when papers will be presented on 
“The Site of Newcomen’s Wolverhampton Engine,” by 
Dr. W. O. Henderson; and “ John Smith of Coven, 
Engineer (1827-79),” by Mr. David H. Tew, M.A. 
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MILD-STEEL PLATES. 








Fig. 9. Fracrunep SUPERHEATER HEADER. 


DEFECT ON OUTER SIDE OF CHAIN 
LINK DUE TO CoLD Work. 


Fie. 11. 





Fig. 10. 


BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 
(Continued from page 497.) 


FurTHER mechanic! test data of interest include 
some slow-speed notch-bend tests (B.E.S.A. Charpy) 
made on the steel from boiler Al, ship “A.” Test 
pieces were cut from the body of the material at the 
surface of the tube-plate and from a strain-aged 
tensile piece (12 per cent. str in aged 4 hour at 
250 deg. C.). The load-extension curves obtained 
are given in the gr. phs, Figs. 6, 7 and 8, which 
include calculated data of the energies to initiate 
the first crack (E,) and the total energy (E,); 
while the energy to initiate a crack is similar in all 
three instances, the energy absorbed during the 
propagation of the cracks is very different. The 
curve from the strain-aged specimen is of singular 
interest in showing a number of sudden breaks, at 
points where the easy path of the fracture was 
diverted by large silicate inclusions, as noted from 
a subsequent metallographicalexamination. It may 
well be that other microstructural features will 
influence the path of fracture and energy absorption 
in a similar manner in relative degree. 

Two significant features will be apparent in the 
foregoing which are evidently common to the failures 
observed in the plating of ships under discussion, 
namely, the presence of a stress-raiser of appropriate 
magnitude ; and of a “ susceptible ” steel, pos:ioly of 
a locked-up stress, suitable temper*ture conditions, 
and, in some cases, an “‘energiser” to set off the 
rupture. The energiser was undoubtedly the shock 
blows of the boilermaker’s hammer in driving out 





* Part II appeared in the previous volume, and Part I 
in vol. 164 (1947). 
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tubes. Such blows in a hollow drum might well be 
associated with a resonant effect in the tube-plate, 
giving effect to a stress build-up of very considerable 
magnitude at local areas. 

Fortunately, the phenomenon of brittle fractures 
in boiler drums is not attended by such catastrophic 
results as those which occur in hulls. All cases 
investigated to date have occurred while the boiler 
has been empty and cold. Impact tests on material 


TaBLE II.—Impact Tests on Boiler Steels. 











Izod Impact Value, 
Teelb. 
At 20 At 90 
deg. C. deg. C. 
Steel from tube-plate of ship “ B” { = = 4 
Strain-aged steel from tube-plate of ship { +4 {9 
9-0 











from one of the drums at more elevated temperatures 
show very substantial increases in impact values, 
while similar increases are also obtained in strain- 
aged material. Some test results are given in 
Table II, herewith. 

A few other instances of ruptures involving 
cleavage fractures which merit mention include the 
following. A large superheater header, during 
fitting operations in cold weather, fell on to a hard 
deck from a height of several feet and ruptured with 
violence across the diameter of the central forging, 
as shown in Fig. 9, herewith. The material showed 
normal tensile properties for a 0-25-per cent. steel, 
other than in an area coincident with the origin of 
the fracture, where the ductility was very low (5 per 
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cent. elongation) due to a_ marked localised sulphur 
segregate. The origin of the fracture also coincided 
with a sharp corner formed by a machining opera- 
tion, and it is evident that these two features acted 
as a stress-raiser of very considerable magnitude. 

The rupture of chain links, particularly in cold 
weather, is frequently associated with cleavage 
fracture, and the instance of two heavy caisson 
hauling chains which fractured during “normal” 
usage can be usefully cited. Links were manufac- 
tured from U-shaped bars by flash-butt or resistance 
welding and some of the flash had been hammered 
over, thereby producing a serious defect. Figs. 10 
and 11, opposite, illustrate the salient features of 
the ruptured link and of the defect arising from the 
injudicious hammering of the flash. The latter is, 
clearly, a most dangerous stress-raiser. The material 
was @ dead-mild steel (0-06 per cent. C.) of rimming 
quality and showed a normal composition and 
tensile properties. In manufacture, the U com- 
ponents of the link had been cold-bent to shape, with 
the result that the steel had embrittled considerably 
(5 ft.-lb. Izod) in consequence of strain-ageing. Of 
the illustrations, Fig. 10 shows a macro print of 
the fractured link, and Fig. 11 is a photo-micrograph 
showing the defect on the outer side of the link due 
to cold work. The photo-micrograph was taken 
at @ magnification of 100 diameters, somewhat 
reduced in reproduction. 

failures of mild-steel shafts occasionally 
exhibit the characteristic features of a cleavage 
fracture at the final area of rupture. Such instances 
are usually confined to shafts operating under colder 
conditions, such as propeller shafts, and often the 
cleavage-fracture area is of considerable proportions 
relative to the total cross-section. The several 
failures involving clea fractures which have 
been outlined in the foregoing, subscribe to the views 
set out in Professor Baker’s paper. They further 
suggest sundry features which merit further study 
and consideration. 

The first of these is the nature of the stress-raiser. 
It is reasonable to postulate that, the sharper the 
terminal contour of the inherent defect (such as the 
discontinuity in the weld, the corrosion. pit, or other 
surface irregularity), the greater is the potential 
danger. In the case of the boiler drums, corrosion 
pits occur quite frequently in and around the 
arbouring and tube holes. Those which have been 

ible for initiating the ruptures reported have 
all shown most angular termini; others, not in- 
volved in ruptures have varied in contour to well- 
rounded depressions. 

Secondly, there is the “energiser.” In most 
cases, the rupture has occurred when the component 
has been subjected to shock-loading superimposed 
on static loads. The local build-up of dynamic 
stresses by resonant effects must not be neglected 
in this connection. In a few cases, however, the 
rupture has taken place solely under static-loading 
conditions (including locked-up stresses). The stress 
system, in any case, is a complex one most difficult 
of analysis. 

Thirdly, the “susceptibility ” of the steel: the 
several failures outlined may suggest that, given 
the right conditions and environment, all mild 
steels are susceptible to cleavage fracture—it is 
merely a matter of degree. Additional to the stress- 
raiser and energiser factors, a predominant feature 
is undoubtedly the temperature, a feature over which 
we may have but limited control in practice. An 
immediate practical concern thus centres around the 
factors which’ determine the relative susceptibili 
of any particular plate of mild steel. It might be 
useful to define this property as its “ rippability 
index.” Dr. Tipper, in her paper, has most usefully 
tackled the outer limits of this problem and has 
indicated promising lines for further inquiry. It 
will be appropriate to add to this discussion a few 
comments, classifying steel factors which may be 

significant. 


The “inherent ” factors are, chemical composi- 
tion, including oxygen content; deoxidation prac- 
tice; and inherent grain size. What may be 
termed the structural factors are the state of heat 
treatment, including micro-structural features ; 
non-metallic inclusions, their nature, size and dis- 
tribution ; the surface condition ; and cold work. 

These several factors will contribute in more or 





less degree both to the stress-raiser and to the 
rippability index. A feature which shows con- 
siderable attraction, though of a speculative nature 
at the present juncture, is the characteristic of 
strain-age embrittlement demonstrated by many 
metallic materials. Inherent factors are significant 
in this connection. All the steels involved in the 
instances of cleavage fracture noted in the foregoing 
have been of coarse inherent grain size and, conse- 
quently, likely to show severe strain-age embrittle- 
ment. Local plastic deformation of the component 
due to a stress concentration of appropriate magni- 
tude may well result in the production of a small 
severely embrittled zone, often coincident with a 
stress-raiser arising from the configuration of the 
area concerned. It may well be, in some instance, 
at least in the case of ships’ plating, that an em- 
brittled area has developed during service and this 
has very materially favoured the initiation of the 
rupture when other features, including the “ ener- 
giser ” and temperature, have operated. 

A guide to the mechanism of failure by cleavage 
will be obtained when more data are available on the 
crystallography of the fractures, and there is an 
evident need for skilful experimentation in this 
connection by X-ray diffraction or other methods. 
At the present time, it has not been finally estab- 
lished whether the state of aggregation, size and 
distribution of the carbide particles, or differences 
in the nature of the ferrite as the result of variations 
in deoxidation practice, is: responsible for the 
observed differences between batches of steels. As 
Dr. Tipper has shown, cleavage fractures take place 
along the 100 planes, whereas plastic deformation 
occurs along the 110 and 1 1 2 planes in soft iron. 
This observation may well support the contention 
that it is a difference in the nature of the ferrite 
crystals which determines whether the transition 
occurs at a higher or lower temperature under a 
given stress system. 


(To be continued.) 





PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING 
EXHIBITION AND CONGRESS 

AT OLYMPIA. 


(Concluded from page 486.) 


Tue exhibits on the stand of Messrs. Aveling- 
Barford, Limited, Grantham, included a new power- 
driven pedestrian-controlled dumping transporter. 
This machine, which has been designated the 
Dumpling, is illustrated in Fig. 8, page 511, from 
which it will be seen that it is fitted with three 
wheels ; as a consequence, it is exceptionally man- 
cuvrable, the turning circle having a radius of only 
5 ft. 6in. The carrying capacity varies, of course, 
with the type of material being handled, but on soft 
ground it can earry a load of 10 cwt., this figure 
rising to 1 ton on hard smooth ground, and when 
carrying a load of 12 owt. it can negotiate a gradient 
of 1 in 4, 

It is fitted with a J.A.P. industrial-type air-cooled 
petrol engine which develops 3-85 brake horse-power 
at its maximum governed speed of 1,700 r.p.m. 
The engine is fitted with a Vokes air filter and igni- 
tion is by means of a WICO magneto provided with 
an impulse starter. The petrol consumption natur- 
ally varies with the type ef work but under average 
conditions the consumption is one gallon for each 
5 hours working. The power from the engine is 
transmitted through two Hardy-Spicer flexible-disc 
couplings to a dry-plate clutch ; this is arranged to 
give forward and reverse directions of travel without 
having to move any gears. The power is trans- 
mitted through constant-mesh gear wheels, fitted 
to the clutch output shaft, to an intermediate shaft, 
and then by roller chains to the final-drive shaft and 
differential. The gearwheels and chains run in oil, 
the complete assembly being enclosed in a one-piece 
gearbox of light-alloy construction fitted directly 
to the main frame. An externally-contracting 
transmission brake is fitted ; like the clutch, this is 
located outside the gearbox so as to facilitate main- 
tenarce and adjustment. 

The machine is controlled by a single lever which 





operates both the clutch and transmission brake, 
the control linkage being arranged so that the brake 
is released automatically when the clutch is engaged 
in either direction. An auxiliary hand lever is 
fitted, however, so that the brake can be released 
when the clutch is in neutral and thereby permit 
the machine to be manceuvred without using the 
engine. The machine is steered by the large hand- 
wheel visible in the illustration, the handwheel being 
connected to the vertical steering pivot through a 
bevel wheel and pinion. The hopper is of welded- 
steel construction and is arranged for gravity tipping, 
the hopper rolling on a peg-tooth rack; when 
required, the position of the hopper can be adjusted 
to give a flat platform. The driving axle is fitted 
with 6-00 in. by 16 in. pneumatic tyres, and the 
steering wheel with an 18-00 in. by 4} in. tyre. The 
machine has a length of 6 ft. 5 in., a width of 
4 ft. 11 in., and a height of 3 ft. 4} in. 

A new hydraulically-operated mobile crane 
capable of lifting and transporting a load of 24 tons 
was being exhibited by Messrs. F. Taylor and Sons 
(Manchester), Limited, 136-142, Bolton-road, Sal- 
ford, Lancashire. This machine, which is known as 
the Jumbo-Crane, is illustrated in Fig. 9, on 
page 511, where it is shown lifting a test load of 
3 tons 2 cwt. It has been designed, however, so 
that it can be fitted with a variety of auxiliary units 
which enable it to perform several other duties, such 
as light levelling, pole lifting, and mechanical shovel- 
ling, to mention but a few. The power unit can be 
eithera Perkins P4 Dieselengine developing 46 brake 
horse-power at 2,200 r.p.m. or a Ford V-8 petrol 
engine which develops 85 brake horse-power at 
3,500 r.p.m. The main gearbox provides four 
forward ratios and a reverse, the maximum road 
speeds in miles per hour in the various gears being : 
4-80 in first; 9-94 in second; 18-18 in third; 
and 30-73 in top. An auxiliary gearbox also is 
fitted ; this has a single ratio of 2-32 to 1 and can be 
used in conjunction with all main gearbox ratios. 
Front-wheel drive is employed, the final drive being 
through the usual spiral-bevel crown wheel and 
pinion and integral differential. The machine is 
steered through the rear wheels, which are fitted to a 
centrally-pivoted axle, an arrangement which gives 
three-point suspension and permits the wheels to 
negotiate bumps, etc., without upsetting the equili- 
brium of the machine. The chassis frame is built up 
from channel-section steel members each side mem- 
ber comprising two channels arranged to give a total 
depth of 14 in. 

As will be seen from the illustration, the crane 
structure comprises two jibs, an upper jib pivoted 
to a superstructure at the rear of the chassis frame 
and a lower jib pivoted at a point just above the 
frame. The underside of the upper jib rests upon 
flanged rollers fitted to the top of the lower jib, so 
that movement of the lower jib causes corresponding 
movement of the upper jib. The lower jib is raised 
by two hydraulic jacks, the cylinders of which are 
anchored to the chassis frame and the rams to the 
centre of the jib; the two jacks ean be seen in 
Fig. 9, just behind the driver’s cab. The upper jib 
is articulated, a lever and link motion causing the 
end portion te pivot vertically about the outer end 
of the main body of the jib as the rams move up 
and down. Movement of the load, therefore, is 
considerably in excess of that for the main portion 
of the jib and relatively short ram movements give 
all load positions from ground level to a maximum 
height of 17 ft. The hydraulic system is extremely 
simple, comprising a six-cylinder variable-delivery 
pump driven by the engine through a power take- 
off, lifting and lowering of the jib assembly being 
controlled by a single lever. A safety valve is 
incorporated in the system, which opens auto- 
matically when the overload exceeds 25 per cent., 
and by-passes the oil from the jacks directly to 
the storage tank; the safety valve is arranged so 
that it provides audible ‘warning when operating. 

The continued expansion in the use of compressed 
air in industry has led to an increasing demand for 
air motors capable of performing a variety of duties, 
particularly in areas where a risk of explosion 
exists. As a consequence, Messrs. Broom and 
Wade, Limited, of High Wycombe, have reintro- 
duced their. range of air motors, and the exhibits 
on their stand included a winch fitted with a six, 
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cylinder motor of this type. The winch is illus- 
trated in Fig. 5, on this page, while sectional draw- 
ings of the power unit are reproduced in Figs. 6 
and 7, and will serve to illustrate the method of 
operation. It should be pointed out, however, that 
Fig. 6 shows the motor fitted with a handwheel 
control, whereas the winch is provided with a lever 
control. The motor is not fitted with a crankshaft 
and consists essentially of a rotating cylinder block 
lettered a in Figs. 6 and 7, which is enclosed within 
the outer casing 6. The cylinder bores are arranged 
in two banks of three, the bores in each bank being 
radial and set at an angle of 120 deg. to each 
other. The cylinders are fitted with free pistons, 
the gudgeon pins of which are provided with needle- 
bearing rollers. These rollers, in turn, are arranged 
to make contact with internal elliptical cams, the 
left-hand set of pistons, as viewed in Fig. 6, making 
contact with the cam ¢ and the right-hand pistons 
with the cam d; piston skirts are cut away so 
as to clear the cams. The cylinder block is sup- 
ported at.one end by the ball bearing e located in 
the end plate f and at the other end by the ball 
bearing g, the output shaft A being spigoted and 
bolted to the cylinder block. 

A transverse section through one set of pistons 
and its corresponding elliptical cam is shown in 
Fig. 7, and it will be appreciated that if air under 
pressure is admitted to either of the lower pistons, 
the reaction of the gudgeon-pim roller on the cam 
will cause the block to rotate, the direction of rota- 
tion depending, of course, on the piston subjected to 
air pressure. Oompressed air is admitted through 
the hollow tapered distributor spindle j, which is 
provided with two external grooves arranged at 
180 deg. to each other. The compressed air enters 
the eylinders through the external grooves, as 
indicated by the full-line arrows in Fig. 6, and is 
exhausted through the hollow centre of the spindle, 
the path taken by the air in this case being shown 
by chain-dotted arrows. Entry of the air into the 
motor is controlled by the gear ring k, which meshes 
with the quadrant /, rotation of which unmasks 
the air-entry ports. It will be realised that each 
piston provides two power strokes for each revolu- 
tion of the cylinder block; furthermore, to reverse 
the motor, it is only necessary to rotate the distri- 
butor spindle. 

Obviously, it is necessary to maintain an air- 
tight joint between the rotating cylinder block and 
the tapered distributor spindle, but at the same time 
a closely controlled running clearance must be 
maintained. This is accomplished by allowing the 
air pressure to act against the rubber ring m, so that 
the tendency is for the spindle to be held in contact 
with the port seatings of the cylinder block. Exces- 
sive pressure between these two components, how- 
ever, would tend to cause rotational movement of 
the distributor spindle, but immediately such move- 
ment takes place, two steel balls interposed between 
the collar » and the gear ring k act upon angular 
faces formed in these two components, with the 
result that the distributor spindle is moved away 
from the cylinder block; one of the steel balls is 
lettered o in Fig. 6. As the collar n is fitted rigidly 
to the distributor spindle, a state of balance or 
float is maintained and the correct running clearance 
is ensured automatically. 

The maximum speed of the motor is controlled by 
@ governor which, in the event of overspeed, reduces 
the air supply to the pistons. The governor is 
located in the air-supply space p and comprises two 
eonrentric gunmetal sleeves which surround the 
distvibutor spindle, the inner sleeve being keyed 
to the cylinder block. Each sleeve is ported and is 
provided with lugs which carry the operating 
weights, toggle gear and springs. Under normal 
conditions of load and speed, the relative positions 
of the sleeves are such that the ports in each coincide 
and are, therefore, fully open. Excessive speed, 
however, causes the weights to move outwards, 
producing partial rotation of the outer sleeve over 
the inner, thereby tending to close the ports which 
control the air flow from the space p to the external 
grooves on the distributor spindle, and, therefore, 
the cvli 


‘The motor fitted to the winch illustrated in Fig. 5 
is governed at 1,200 r.p.m., at which speed it 
develops 6 brake horse-power and when operating 
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at an air pressure of 80 lb. per square inch, the pull 
in the rope is 1,500 Ib. at 100 ft. per minute. The 
diameter of the drum is 7 in. and it is capsble of 
accommodating 400 to 450 ft. of $-in. diameter rope. 
It is controlled by the lever situated at the exhaust 
end of the machine. This has three positions which 
give forward, reverse and neutral, respectively, the 
lever being spring loaded so as to ensure that it 
returns to the neutral position on being released. 
A hand-operated brake is provided and, if required, 
the .rum can be disconnected from the driving 
motor; this is accomplished by the small lever 
close to the brake gear which operates a dog clutch. 
In addition to the motor described, Messrs. Broom 
and Wade also manufacture 3-h.p. and 30-h.p. 
machines, the former having three cylinders and 
the latter six, the 30-h.p. machine being similar in 
most respects to the 6-h.p. model. 

An interesting vibrating table which has been 
developed for research and experimental work was 
being exhibited by Messrs. Westool, Limited, St. 
Helen’s, Auckland, County Durham. The table is 
constructed from welded-steel units and is operated 
by electromagnets, which work in conjunction with 
leaf springs on which the vibrating element floats. 
The springs can be tuned to resonate with the 
impulses of the magnetic system over a wide range 
of loadings and frequencies, the table being equipped 
with an optical lever for measurement of the 
amplitude. The equipment should prove useful in 
research establishments dealing with problems 
associated with the conveying and packing of 



































“jj 
er Gp 


Yi 
‘ 4 CAS AIRE Cx 
NaS: + \ AX hy Ss : WA + 
Niet er: 
5 or 

y- VPN \ < VY ; 


YH Uy 


—— Y Z Uj /\ 











SS 


MS 
NN SS&SY 


YY 
- res Li 


Uy 


yj 


GY 
\ 


> 


ZY 
SS 
~"F:: 











Are-OpERATED Winco; Messrs. Broom anp Wapz, LIMITED. 


powders and granulated substances. Messrs. Wes- 
tool Limited, were also showing a table capable of 
vibrating loads up to a maximum of 5 cwt. at a fre- 
quency of 6,000 vibrations a minute when used 
in conjunction with the standard 230 to 250-volt 
single-phase alternating-current supply. Although 
designed primarily for the consolidation of concrete, 
the table has other applications, such as the packing 
of powders and the consolidation of sand moulds 
for precision casting by the lost-wax process. 

Several Government departments were represented 
at the exhibition; the Ministry of Works, for 
example, were showing new plant and equipment 
developed at their field-test unit, the most con- 
spicuous of which was a boom of light-lattice steel 
construction designed to accelerate the placing of 
concrete over the site in housing work. The boom 
pivots about a central point and is arranged so 
that a skipcan travelalong it and dump the concrete, 
the area which can be covered being equivalent 
to that of a pair of semi-detached houses. Another 
interesting exhibit was a mobile, power-driven 
earth auger which has been designed for housing 
work on clay soils. On such sites, the foundations 
frequently have to be taken to a considerable 
depth to reach satisfactory bearing ground. With 
ordinary hand.excavated trenches this is not only 4 
slow process but requires excessive quantities of 
cement. With the earth auger, however, holes 
are bored to the necessary depth and concrete piles 
cast in situ, on which beams are laid to serve as 
the house foundations. 
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Fig. 8. 


PEDESTRIAN-CONTROLLED TRANSPORTER ; Messrs. AVELING-BARFORD, LIMImrED. 
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VARIATIONAL METHODS IN 
APPLIED MATHEMATICS.* 


By Dr. G. G. MACFARLANE. 


One of the outstanding developments in mathematics 
towards the end of the Eighteenth and the aeygeationg 
of the Nineteenth Centuries was the Calculus o 
Variations. It arose out of the attempts to express 
natural laws in terms of maxima and minima. The 
high-light of this development was the demonstration 
by W. R. Hamilton that the dynamical equations of 
motion are obtainable from a stationary principle. 
The simplicity of the principle attracted workers in 
other fields of physics. Larmor and Livens set up 
variational equations for the electromagnetic field 
and Schwarzschild and Wey] used variational principles 
extensively in relativity theory. More recently, 
Hylleraas showed how to obtain eigenvalues and wave 
functions of quantum mechanical systems with h 
accuracy by the variational method of Ritz. As a 





* Contribution to a joint discussion on Applicable 
Mathematics, between Section G and Sub-section A* 
(Mathematics) of the British Association, at Brighton, 
on Tuesday, September 14, 1948. Abridged. 
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result of this work variational principles now occupy 
a central position in theoretical physics ; in spite of it 
they are not used as extensively as they r it be in 
applied mathematics. Here I am defining a 
mathematics in a narrow sense, a8 the branch of 
mathematics that deals with techniques for evaluating 
solutions of physical problems. In this short address 
I want to point out some of the advantages of the 
variational method and to suggest that it offers one of 
the mostimportant techniques for solving many physi- 
cal problems. 
Most problems in physics are much too complicated 
to be handled in the form in which they are initially 
resented to the applied mathematician. They must 
rst be reduced to simpler idealised problems without, 
however, losing their essential characteristics. The 
extent of the reduction necessary is determined by the 
power and generality of the methods available to the 
mathematician for handling the equations that define 


igh |the problems. The more powerful the mathematical 


techniques the more closely can the idealised problem 
approach to the tical problem. In studying 4 
problem it is therefore of prime im ce to consider 
all the physical principles by means of which it may be 
formulated in order to see whether any of them can 
be developed into a powerful technique of solution. 


Now physical problems are usually stated in the form 
of differential equations subject to certain boundary 
conditions. Jn very few instances is it at all possible, 
with the mathematical tools at our disposal, to derive 
exact explicit solutions. As a rule, solutions can be 
obtained directly from differential equations only when 
the variable can be separated and this is only possible 
when the boundary of the range of variables is especially 
simple. One must therefore be satisfied with approxi- 
mate solutions, and they cannot be readily found from 
differential equations. The reason for this, I think, is 
that approximate solutions are required to be as near 
as possible to the accurate solution over the entire range 
of the variables, but differential equations are relation- 
ships which describe the behaviour of a function at any 
point in the range. This Suggests that approximate 
solutions are hetter sought by formulating the problem 
in terms of integrals over the entire range of the 
variables. When the physica] system is linear this 
can usually be done in two ways (i) as an integral 
equation and (ji) as a variational equation. 

As an example from electromagnetic theory, consider 
the problem of the diffraction of a plane electro- 
magnetic wave incident on a slit in a perfectly conduct- 
ing planarsheet. The problem in terms of differential 
equations is to find a of of the wave equation for 
which the tangential component of E is zero at the sur- 
face of thesheet. The problem can also be stated as an 
integral equation for the transverse electric field on 
the plane of the sheet. The boundary condition 
Eze = 90 over the sheet, is now incorporated in the 
integral equation by restricting the field of integration 
to the aperture of the slit. The third formulation of 
the problem, as a variational equation, is not so well 
known. It states that the difference of the magnetic 
and electric energies stored in the field in any fixed 
interval of time is stationary with respect to small 
changes of the field so long as the potential on the 
owen sheets is diay paige This is the extension 
° ilton’s principle to an electromagnetic field for a 
region free of charge. It can also be looked upon as 
the generalisation of Thomson’s theorem of electro- 
statics to an electromagnetic field. In order to empha- 
sise the limitations of modern analysis itis worth noting 
that the only diffraction problem of this kind for which 
an exact solution is known is Sommerfeld’s problem of 
the diffraction of plane-polarised waves by a perfectly 
conducting half-plane. 

One of the advantages of the formulation of a 
problem as an integral or variationa] equation is that 
the boundary conditions can often be incorporated 
into the equations themselves by restricting the range 
of integrati Iterative, series expansion, and 
Fourier transform methods of evaluating solutions of 
integral equations are known, but they are not usually 
easy to apply and the degree of accuracy obtained is 
diffkc ult to assess. The variational equations can be 
solved to any degree of accuracy by the Ritz method. 
The technique is to choose a “ trial’ function for the 
dependent variable with one or more parameters, and 
to determine these parameters so that the action 
integral is stationary with respect to variations of the 
parameters. Itis an experimental technique and it is 
more powerful than the other two methods, in so far 
a8 it enables the best approximate solution to be selected 
from a group of approximate solutions. Moreover, in 
some instances, for example, in diffraction problems 


‘| associated with the propagation of electromagnetic 


waves in hollow tubes, two different forms of variational 
equation can be stated, one of which defines an upper 
and the other a lower bound for the action integral 





of the field. Furthermore, the action in lis itself 
a quantity of great importance physically. In the 
above example it is essentially the reactive impedance 
of the field being the difference of the magnetic and 
electric energies of the field ; its evaluation is in fact 
the main aim of the work. 

A relaxation technique can often be used to evaluate 
a solution but it suffers from the disadvantage that 
each Solution is specific to one set of parameters, whereas 
the variational method gives an approximate solution 
in which the parameters can assume a range of values. 
A relaxation technique is, however, most valuable for 
obtaining the “type” solution, which indicates the 
nature of the “trial” function for the variational 
method. 

In conclusion I would like to suggest that variational 
principles may offer possibilities for tackling some of 
the more intractable problems of applied mathematics, 
such as those involving the interaction of electron . 
space-charge and electromagnetic fields and certain 
non-tinear systems. 





Eecrriciry Supply IN NorTH Scornanp.—The 
distribution lines of the North of Scotland Hydro- 
BPlectric Board on the Isle of Skye, and in Ross-shire 
and Inverness-shire, are to be extended to cover areas 
with widely-dispersed populations. In the Lochalsh 
area, over 45 per cent. of the consumers are using 





electricity for cooking. 
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BEER-BOTTLING PLANT. 


A new bottling plant, which will have a capacity 
ultimately of one million bottles a day, was put into 
operation recently by Messrs. Ind Coope and Allsopp, 
Limited, at Burton-on-Trent. It is believed to be 
the most modern of its type in existence and as it con- 
tains equipment considerably in advance of that used 
previously, a description of the plant may prove of 
interest. Plans for the new bottling store were pre- 
pared in 1939, but had to be abandoned owing to the 
outbreak of war. By 1943, however, it became clear 
that it would be impossible to maintain output with 
the old store, so further plans were prepared and, in 
1945, the Ministry of Food acknowledged the urgency 
for reconstruction and supported the applications for 
the various licences. The site of the new store, 
although some distance from the brewery, was chosen 
because four disused maltings and the old stores could 
be used and thereby reduce the amount of new con- 
structional work to a minimum. Prigr to completion 
of the plans, however, one of the managing directors of 
the company toured the United States and the Conti- 
nent to examine the latest bottling methods in use 
there; it was found that, generally speaking, British 
bottling machinery is superior and the majority of the 
ideas incorporated in the stores are entirely new to the 
industry. 

As previously. mentioned, the site of the new stores 
is some distance from the brewery ; at present, there- 
fore, the beer is being conveyed to the. stores in road 
tank wagons, but later it is intended to install a stain- 
less-steel air cooled pipe line which will be nearly half 
a mile in length. On arrival at the stores, the tank- 
wagon is connected to the delivery main by flexible 
piping and the cold room is informed by signal of 
the type of beer in the tank. This is accomplished 
by using a modified ship’s engine-room telegraph, the 
dial of which is painted with the various brands of 
beer in place of the usual engine-room instructions. 
This provides a visual indication in the cold room of 
the beer being delivered and reduces the risk of beers 
ing mixed owing to a misunderstood telephone 
message. The beer is discharged from the tank-wagon 
by com: air, and on arrival at the cold room is de- 
livered into any one of 17 glass-lined steel storage tanks. 

The ing room is situated on the first floor of 
the building and the tanks have a total capacity 
sufficient to fill one million half-pint bottles. The 
cooling room is kept at a steady temperature between 
peered Bab, Mei Rela yg. 
services for this purpose having been inStalled by 
Messrs. J. and E. Hall, Limited, Dartford, Kent. 
The plant comprises two ammonia compressors, an 
atmos pheric-type condenser and an aircooler. Thetwo 
quonel floor, and one of them can be seen in Fig. 1, 
which gives a general view of the engine room. They 
are of the two-cylinder —_—as high-speed type, 
having a bore and stroke of 6 in., and are designed to 
work with automatic control. The cylinder heads are 
spring loaded so that any excess liquid in the cylin- 
ders can be handled without causing damage ; further- 
more, a by-pass safety disc is fitted between the 
suction and delivery manifolds, so that any excess 
pressure can be relieved directly to the suction side 
of the machine without causing damage or loss of 

i tt. The compressors are coupled directly to 
Crompton Parkinson slip-ring motors of 40 brake horse- 
power ing at 418 r.p.m. The motors are con- 
trolled by Watford Electric panels which, in addition 
to controlling the relevant compressor motor, also 
control the condenser circulating pump, the cold-air 
circulating fan, and the brine-spray pump for the air 
cooler ; each in turn, is controlled by a thermo- 
stat located inside the cooling room. 

The atmospheric-type condenser is situated on the 
roof of the store. It comprises two stands of piping 

in a Steel tray, the water being circulated 
over the coils by a centrifugal pump. The sir cooler 
is adjacent the cooling room ; it is to work 
on the flooded system and is provided with a brine 
. page, or yy, apparatus in order to keep the 
coils free from frost. The brine flowing from the coils 
is collected in a tank arranged underneath the coils 
and is re-circulated by a small centrifugal pump. 
During the course of circulation throughout the room, 
however, the air a the moisture, with the 
result that the brine is constantly weakened. The 
brine sparge system, therefore, is provided with a 
concentrator designed to remove the moisture picked 
up by the air and thereby avoid the necessity for 
aiding calcium chloride. The air-cooling coils are 
encased in a steel housing provided with inspection 


doom, Semiaeet sag Desig, hem Sateen. ta. She E>- 
sign of the in ducting to t brine spray 
from being ci ted with the air. The air is circu- 


lated by a Davidson “ Sirocco’ fan, which is driven 
by a 15-brake horse-power Crompton Parkinson 
squirrel-cage motor, the motor being located outside 
the insulation. 
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Fie. 2. Conveyor System ror Emprizs. 


The beeris conveyed from the cooling room to the bot- 
tling machinery through an air-cooled main, the object 
of this being to prevent “ fobbing ” or foaming during 
the filling operation. Before giving details of the 
bottling machinery, however, it will be advantageous 
to describe the method by which the crates of returned 
empties are handled and prepared for filling. The 
crates are delivered to the bottling store either by 
road or rail; in the former case, the unloading bays 
are adjacent the beer delivery bay and the crates are 
off-loaded on to gravity-type conveyors on which they 
= into the bottling store. On entering the store, 

owever, the crates are counted by a photo-electric 
counter, which checks the number of crates delivered 
by each lorry. It is important that this should be done 
as, apart from keeping a record of the total number of 
crates arriving in the store, the number of crates has a 
bearing on the bonus received by the individual lorry 
drivers. The signals transmitted by the counters are 
received in the empties office, which, after making the 
necessary entries, cancels the number on the indicator 
ready for the next delivery. 

Three different sizes of crate are handled at the store, 
namely, pints, half-pints, and “ nips ” ; ments 
have had to be , therefore, to segregate the three 
different types. This is accomplished by arranging 
bars at different heights across the gravity conveyors. 
On entering the store, the pint crates make contact 





with the first bar, which is curved so that the crates are 
diverted on to an inclined conveyor set at right angles 
to that from the unloading bay. The crates for the 
half-pint bottles and nips pass under the first bar, 
the half-pint crates, in turn, being diverted by a 
second bar on to a further inclined conveyor, while 
the nips pass on to a separate conveyor. After being 
sorted for size, the crates are delivered on to main 
conveyors, there being a separate conveyor for each 
size. The main conveyors pass under those from 
the delivery bays and the crates are brought to the 
same level by the inclined conveyors already mentioned. 
Two of the main conveyors and inclined conveyors 
ean be seen in Fig. 2, which is a general view of the 
conveying system. There are, of course, several 
unloading bays and arrangements have had to be 
made to bring the crates from each bay on to their 
respective main conveyor. This is accomplished by 
a series of junctions controlled by monitoring arms. 
These are arranged so that as long as there is a con- 
tinual flow of crates along, say, the main conveyor, 
the crates attempting to join from an unloading bay 
are restrained. This condition continues until a gap 
occurs between the crates on the main conveyor. 
This allows the monitoring arm to swing over, thereby 
permitting the crates from the unloading bay to join 
the main conveyor, the arm in the new position 
restraining the crates on the main conveyor. Obvi- 
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ously, when a gap occurs on the conveyor from 
the unloading bay, the arm swings back and allows 
the flow of crates on the main conveyor to resume. 
A monitoring arm can be seen in the foreground of 
Fig. 2, but it should be pointed out that, in this case, 
the arm is controlling a junction between two main 
conveyors, The crates are diverted from one main 
conveyor to another by switch arms, one of which can 
be seen in Fig. 2, to the right of the monitoring arm. 
The switch arms are operated by compressed air through 
remote controls, the compressed-air actuating mechan- 
ism having been supplied by the Westinghouse Brake 
and Signal Company, Limited. 

The crates from the railway wagons are handled in 
the same manner, the unloading bay being at right 
angles to those for the lorries. The lorries, of course, 
receive priority, but it should not be assumed that the 
turn-round of the wagons is delayed unduly, as in no 
case is a wagon retained at the store for more than 
12 hours. 

The bottling lines are arranged at right angles to the 
conveyor system just described. When completed, 
there will be ten bottling lines, some of which will 
handle one size of bottle, while others will deal with 
two sizes. Each line is fed by a separate conveyor, 
which, of course, is set at right angles to the main 
conveyor system, the crates being diverted to the 
different bottling lines by using switch arms of the 
type already described. The bottling-line conveyors, 
however, pass through an extensive storage area 
before reaching the machinery, as it is impossible 
to regulate the arrival of the crates of empties so that 
they conform with the demands of the bottling machi- 
nery. On arrival at the machinery lines, the bottles 
are removed from the crates by hand and placed in 


the feed-tray of the washing machine, and it may be | f 


noted that this is the only time the bottles are touched 
by hand in the store. One of the washing machines 
is illustrated in Fig. 3, on this page. It is manufac- 
tured by Messrs. Gimson and Company (Leicester), 
Limited, Vulcan-road, Leicester. Aker ing placed 
on the automatic feed table, the bottles are passed 
through a series of compartments in each of which 
they are soaked and sprayed alternately, first with 
caustic solution at various temperatures and concen- 
trations, then with hot water and finally with fresh cold 











BorrLe-WASHING MACHINE. 


water ; as the bottles pass through the machine, they 
are raised to a temperature of approximately 170 deg. F 
and sterilised. They are discharged on to slat con- 
veyors, which transport them to the filling machine. 
Two types of filling machines are installed, one of 
which is manufactured by Messrs. H. Pontifex and 
Sons, Limited, and the other by the Liquid Carbonic 
Company, Limited. The beer, as previously mentioned, 
is delivered to the bottling wiv! 2 mr through an air- 
cooled main. This is carried over the machines by 
a bridge which also carries the steam, water and 
utherservices. The duct for the beer main was designed 
by Messrs. J. and E. Hall, Limited, and manufactured 
by Messrs. W. A. Taylor, Limited, Mitcham, Surrey. 
The air is circulated Toon the cold room and through 
the duct by a separate fan, the duct being heavily 
insulated and provided with a series of inspection 
doors 80 that pipe joints may be serviced. 
After leaving the bottling machines, the bottles 

to the crown-corking machines, which have oad 
supplied by Messrs. G. J. Worssam and Son, Limited, 
and the Liquid Carbonic Company, Limited. The: 
are then conveyed to the automatic Pasteurisers, all 
of which were designed and installed by Messrs. G. 
Hopkins and Sons, Limited, Holloway-road, London, 
N.7. Two t of Pasteuriser are installed at present, 
one of which passes the bottles through the machine 
by a system of moving arms, while the other, a more 
modern machine, utilises a moving endless table; _ it 
is known as the Highbury super-Pasteuriser. The 
moving platform is built up from a series. of high- 
tensile aluminium-alloy slats arranged to form a 
series of longitudinal grooves. The bottles are loaded 
on to the moving platform from tables provided with 
fingers which mesh with the longitudinal grooves, a 
orm of construction similar to that employed on 
escalators. The bottles are fed to the machine by a 
metal-slat conveyor which passes across the feed end, 
each line of bottles being pushed on to the platform 
by a pusher gear operated by compressed air and 
synchronised with the motion of the machine. When 
the pusher is operating, the feed from the incoming 
conveyor is cut off by a gate, which is re-opened as 
soon as the pusher returns to its original position, 
thus allowing a further line of bottles to be fed into 
position. At the discharge end of the machine, 


the bottles are arranged in a continuous line and 
conveyed to the labelling machine by a further metal- 
slat conveyor. During their progress through the 
Pasteuriser, the bottles are del with liquor from 
spray boxes arranged in the roof, the temperature of 
the liquor being raised gradually to the holding tem- 
perature in the centre of the machine and reduced 
gradually towards the discharge end. The liquor is 
heated by steam and its temperature is regulated by 
automatic controls which operate on the steam inlets. 

Two t of labelling machine are installed namely, 
the World Tandem Labeller, supplied by Messrs. Purdy 
Patent Machinery Company, Limited, Gower-street, 
London, N.W.1, and the Ermold, supplied by Messrs. 
Matthew Wylie and Company, Limited, 71, Milnpark- 
street, Glasgow, S.1. After being labelled, the bottles 
oa on to automatic king machines, which have 

m developed by the Standard-Knapp Corporation, 
570, i n-avenue, New York. In machines, 
they are marshalled automatically into positions which 
correspond to the compartments in the crates into which 
they are then dropped. At present, this operation 
subjects the bottles to shock, but this is being overcome 
by fitting rubber buffer stops inside the crates. From 
the packing machines the bottles pass to a series of 
conveyors which carry the crates to the storage depot. 

After the first three stages of bottling, namely 
washing, filling and corking, the bottles are counted by 
photo-electric counters pre ilar to those employed at the 
unloading bays, the signals from the counters being 
transmitted to a central stock-control room. This 
room is fitted with indicators which show the total 
number of bottles which have left the various machines 
and gives, therefore, an immediate indication of the 
output. Furthermore, any b are shown by & 
discrepancy between the figures for successive opera- 
tions thereby enabling a check to be maintained on 
the performance of individual machines. Similar 
counters are installed also at the discharge sides of the 
packing machines and here again the si are 
transmitted to the stock room where they operate 
indicators which show not only the number of crates 
entering the storage depot but also the brand of beer 
and size of bottle. It will be appreciated, therefore, 
that the stock room records are able to show at any 
particular instant the output of the plant and the 
quantity of crated beer ready for dispatch. 

Steam for the various services is provided by three 

Economic peg Be oe 7“ Edwin Danks 
and Com , Limited, ury, Birmingham. The 
boilers =e pi fired and are fitted with automatic 
stokers manufactured by Messrs. John Thompson 
(Triumph Stokers), Limited, Kirkstall-road, Leeds, 3. 
They are arranged to work under both forced and 
induced draught, and each boiler has an output of 
1,500 lb. of steam an hour at a working pressure of 
901b. persquareinch. The boiler room is well equipped, 
the instruments including recording steam meters, 
CO, meters and pyrometers. Compressed airis supplied 
by three two-cylinder compressors manufactured by 
Messrs. Broom and Wade, Limited, High Wycombe. 
Each machine has an output of 305 cub. ft. of free air 
per minute at a pressure of 50 lb. per square inch. 
They are driven by 50-h.p. electric motors through 
V-belts and each compressor is provided with its own 
aftercooler. Constant-running air governor control 
is used, non-return valves being fitted in the pipelines 
between the three compressors. The compressors, 
together with their ancillary equipment, are located 
in the same room as the refrigerating machinery and 
two of them are visible in Fig. 1. This illustration 
also shows the three air receivers, which are 3 ft. in 
diameter and 10 ft. in height. 
The store, generally, is exceptionally well planned 
and equipped. Large workshops are provided for 
the maintenance engineers and these are provided with 
a variety of machines, including pillar drills, shapers, 
milling machines, etc. During the design of the stores, 
care was taken to ensure good working conditions 
in the work rooms, for instance, precautions have been 
taken to ensure that the floors are kept dry, while 
the changing rooms are provided with clothes lockers, 
baths, shower baths, and electric hand driers. There 
is a first-aid post staffed by two qualified nurses, which 
not only handles casualties from the bottling store 
but from the whole brewery, the company’s private 
ambulance being in attendance continuously. 





TRANSPORT OF 30-MVA TRANSFORMER.—A 30-MVA 
transformer, weighing about 95 tons with cooling equip- 
ment, and occupying a floor space of 26 ft. by 23 ft., was 
recently transported by road from the works of Messrs. 
Johnson and Phillips, Limited, Charlton, London, S.E.7, 
to the West Ham power station. Although the station 
is visible from the works across the Thames, it was 
necessary to make a lengthy detour via Shooter's Hill, 
New Cross, Camberwell, London Bridge and Commercial- 
road, the journey from Charlton to London Bridge alone 
taking three hours. 
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THE HOPpKINSON EEECTRIC COMPANY, LIMITED, 
Birchgrove, Cardiff, aré supplying 165 electric motors, 
ranging from 1} h.p. to 15 h.p., to Messrs. Ezra and 
Moises Tobal, Argentine textile manufacturers, in con- 
nection with a néw mill which they are building near 
Buenos Aires. 

Messrs. A. M. CARMICHAEL Limtrep, Ainslie-place, 
Edinburgh; have been awarded the contract for the 
second stage of the Tummel-Garry scheme by the North 
of Scotland Hydro-Electric Board. This is the Errochty 
Project, and it inchades the Errochty Tunnel (6 miles 
in length) and power station, the Errochty Dam, which is 
1,320 ft. in length and 127 ft. in height, the Garry Tunnel 
(3 miles in length), and the Bruar-Edendon tunnels 
(9% miles if length). The plant of the Errochty Station 
will consist of three 25,000-kW vertical-shaft Francis 
tu¥bo-alternators of Boving design, which will be built 
by Messrs. JOHN BROWN AND ComPpaNy, LIMITED, 
Clydebank. The alternators will be supplied by the 
GENERAL ELEcTRIC COMPANY, LimITED, and fhe main 
transformers by Messrs. BRUCE PEEBLES AND COMPANY, 
Limrrep. The civil-engineering consultants are Sir 
Alexander Gibb and Partners and the electrical and 
mechanical consultants, Messrs. Merz and McLellan 


The Marine Division of AssocIATED BRITISH OIL 
ENGINES LIMITED, Duke-’s-court, 32, Duke-street, 
St. James’s, London, S.W.1, have received several orders 
for marine-propulsion and auxiliary machinery. These 
include two Mirrlees “ HFR 6” six-cylinder propulsion 
engines, each developing 486 shaft horse-power at 300 
r.p.m., for the trawler Fairfree of Messrs. Chr. Salvesen 
and Company ; for each of two 125-ft. trawlers building 
by Messrs. Richard Dunston, Thorne, a Mirrlees 
“ HFRS 7 ” seven-cylinder supercharged Diesel propul- 
sion engine, developing 567 shaft horse-power at 200 
r.p.m., one Mirrlees “‘TLA 5” five-cylinder 225-brake 
horse-power vertical Diesel engine for driving a pump 
to operate a hydraulic winch, and two McLaren “‘ MR 2 ” 
two-cylinder 44-brake horse-power vertical Diesel engines 
for driving a generator and compressor set and a generator 
and general-service pumping set. Another order is for 
nine Petter “SS 6” six-cylinder 560-brake horse-power 
vertical superscavenge Diesel engines coupled to Allen 
350-kKW generators for three steamers being built for 
Messrs. Alfred Holt and Company, Limited, by Messrs. 
Cammeil Laird and Company, Limited, Viekers- Arm- 
strongs Limited, and Harland and Wolff, Limited. 





LAUNCHES AND TRIAL TRIPS. 


8.S. “ BENCLEUCH.”—Single-screw cargo liner, built 
by Messrs. Charles Connell and Company, Limited, 
Glasgow, W.4, for the Ben Line Steamers, Limited, 
Edinburgh. Main dimensions: 450 ft. by 60 ft. by 
40 ft.; deadweight capacity, about 11,500 tons on a 
draught of 30 ft.4in. Double-reduction geared turbines 
supplied by Messrs. David Rowan and Company, Limited, 
Glasgow, with Babcock water-tube boilers to give a 
speed of 154 knots. Launch, October 20. 


S.S. “‘ AVONDENE.”’—Single-serew cargo vessel, last of 
three, built and engined by Messrs. William Gray and 
Company, Limited, West Hartlepool, to the order of the 
Dene Shipping Company, Limited, London, E.C.3, for 
the River Plate trade. Main dimensions: 406 ft. 
(between perpendiculars) by 56 ft. by 36 ft. 43 in. to 
shelter deck; deadweight capacity, 8,910 tons on a 
draught of 25 ft. 04 im. Triple-expansion reciprocating 
engines, with two oil-fired boilers, developing 1,950 i.h.p. 
for a service speed of 10} knots. Trial trip, November 5. 

M.S. “‘ BRITISH STRENGTH.”—Single-screw oil tanker, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 463 ft. (between 
perpendiculars) by 61 ft. 6 in., by 34 ft.; deadweight 
capacity, about 12,280 tons on a draught of 27 ft. 6 in: 
Six-cylinder four-cycle Harland-B. and W. Diésel engine. 
Trial trip, November 10 and 11. 


8.8. “‘ ORcaDES.”—Twin-serew liner, carrying 773 
first-class and tourist ‘‘ B ”-class passengers, together with 
general and insulated cargoes, built and engined by Messrs; 
Vickers-Armstrongs Limited, Barrow-in-Furness, for the 
Orient Line, London, B.C.2. Main dimensions: 711 ft. 
by 90 ft. 6 in. by 66 ft. 9 in. to strength deck. Two 
sets of Parsons-type geared turbines developing together 
@ maximum of 42,500 s.h.p. Service speed, 224 knots, 
Four Foster Wheeler oil-burning water-tube boilers. 
Trial trip, November 13 and 14. 


M.S. “ Foutss.”—Single-screw cargo vessel, streng- 
thened for navigation in ice, built by the Furness Ship- 
buildmg Company, Limited, Havertén Hill-on-Tees, 
Co. Durham, for Rederi A/B Svea, Sto¢kholm. Main 
dimensiens : 284 ft. by 39 ft. by 22 ft. 81 ih. to shelter 
deck ; deadweight capacity, 1,750 tons on 4 draught of 
15 ft. 4 in. Six-tylinder Fiat Diesel engine, developing 
1,350 b.h.p., installed by Richardsons, Westgarth and 
Company, Limited, Hartlepool. Launch, November 16. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following. publications of ‘enginééring interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Flexible Metallic Tubing.—The second specification 
issued in the series under preparation for the petro- 
leum industry concerns flexible metallic tubing. It is 
designated B.S. No. 1465 and covers flexible tubing 
for the convéyance of steam, liquid fuel, lubricating 
oils and liqnid asphalt at various temperatures and 
pressures. Details of the construction and dimensions 
of the tubes for various services are given and a 
hydraulic test is provided for.. [Price 2s., postage 
included.] 

Portable Fire Extinguishers—Revisions of three 
s i covering portable fire extinguishers 
have now been issued. the first of these is a second 
revision of B.S. No. 138, originally issued in May, 1922, 
and dealing with extinguishers of the water type 
(soda-acid), in which the pressute required to expel 
the liquid contents is generated by the chemical action 
of an acid in conjunction with a carbonate or bicar- 
bonate solution. The second publication is a revision 
of B.S. No. 1382, which was originally issued in October, 
1947. This deals with extinguishers of the water type 
(gas pressure), im which the required to expel 
the éxtinguishing medium (water) is produced by the 
compressed gas from a pr contamer attached to, 
or fitted into, the extinguisher. The third publication, 
B.S. No. 740: Part 1, was originally issued in June, 
1937, as part of B.S. No. 740, covering chemical fire 
extinguishers of the foam and carbon-tetrachloride 
types. Thé present revision applies exclusively to 
the foam-type of fire extinguisher. A new Part 2 of 
B.S. No. 740 will déal with carbon-tetrachloride 
extinguishers and is in course of preparation. The 
main object of all three revisions is to provide for 
welded construction in addition to the construction 
already covered in previous editions. The specifica- 
tions provide full details of the materials to be employed, 
the methods of construction to be and the 
tests to be carried out, and the markings to be placed 
on the finished extinguishers. [Price of each publica- 
tion 2s. 6d.,, postage included. ]} 





BOOKS RECEIVED. 


Wellington Harbour Board, New Zealand. Statement of 

Accounts, with Annual Reports and Other Statistics for 

the Period Ended 30th September, 1947. The Secretary, 

Wellington Harbour Board, Wellington, New Zealand. 

Department of Scientific and Industrial Research. National 
Building Studies. Technical Paper No. 2. A Survey of 
Noise in British Homes. By DENNIS CHAPMAN. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
9d. net.) 

Ministry of Supply. Iron and Steel Board. Iron and 
Steel Distribution Scheme. Notes for Consumers, May, 
1948. H.M. Stationery Office, Kingsway, London, 
W.6.2. [Price 6d. nét.] 

Photoelasticity. By PRoressoR MAX MARK FROCHT. 
Volume TI. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 10 
dols.] Chapman and Hall, Limited, 37, Esséx-street, 
Strand, London, W.C.2. [Price 60s, net.] 

Modern Timber Design. By Proressorn Howarp J. 
HANSEN. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4-50 dols.] Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 27s. net.] 

Business, Legal and Ethical Phases of Engineering. By 
Proressors D. T. CANFIELD and J. H. BowMAN. 
Being a combination and revision of Legal and Ethical 
Phases of Engineering and Business Administration for 
Engineers, by Dk. C. FRANCIS HARDING and PROFESSOR 
D. T. CANFIELD. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 4-50 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 27s.] 

Australia. Council for Scientific and Industrial Research. 
Aeronautical Research. Report ACA 35. Stability 
Derivatives. Determination of lp by Free Rolling. 
By J. M. Evans and P. T. Frnx. Report ACA 36. 
Vibration of Stationary and Rotating Propellers. By 
Dr. E. R. Love, J. P. O. SILBERSTEIN and J. R. M. 
Rapok. Report ACA 39. Preliminary Analysis of a 
Highly Swept Cylindric i Titbe Under Torsion and 
Bending: By W. H. Wrrrrick. Offices of the Council, 
314, Albert-street, East Melbourne, Australia. 

Thé Theory and Practice of Heat Engines. By D. A. 
WRANGHAM. Setond edition. Cambridge University 
Press, Bentley House, 200, Euston-road London, 





- PERSONAL. 


Str ARTHUR P. M. FLEMING, C.B.E., D.Eng., director 
of research and education, Metropolitan-Vickers Elec- 
trical Company, Limited, Trafford Park, Manchester, 17, 
has been elected President of Section G (Engineering) of 
the British Association for the year 1949, when the 
meeting will be held in Newcastle-upon-Tyne. 

The French Government have conferred the Legion of 
Honour on Sm WitLiAM Hatorow and Mr. W. J. E. 
BINNIE, past-presidents of the Institution of Civil 
Engineers. They were invested by the French Ambassa- 
dor on November 18. 

Mr. G. M. Wrieut, B.Eng., M.1.E.E:, Engineer-in- 
Chief, Marconi’s Wireless Telegraph Company, Limited, 
Marconi House, Chelmsford, Essex, has been appointed a 
member of the Radio Research Board of the Department 
of Scientific and Industrial Research. 

Mr. W. J. TawsE, O.B.E., chief engineer of the 
27,000-ton vessel Capetown Castle and Commodore Chief 
Engineer of the Union-Castle Mail Steamship Company, 
Limited, 3, Fenchurch-street, London, E.C.3, retired on 
November 19 after nearly 40 years’ service. 

Mr. H. Annis has been appointed to succeed the late 
Mr. A. J. Smmpson as chief inspector of Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17. 


At the annual general meeting of the Junior Institution 
of Engineers held on November 19, Mr. G. W. TOOKEY, 
A.C.G.1., was elected chairman and Mr. P. B. HEBBERT, 
Assoc.I.Mech.E., was elected a vice-chairman. Mr. 5S. J. 
CrispIn, L.R.1.B.A., M.1.Struct.E., was re-elected a 
vice-chairman, Mr. S. H. Hote, M.I.Mech.E., honorary 
treasurer, Mr. W. N. 8S. Bevan, honorary editor and 
Mr. J. A. ROBERTS, honorary librarian. 


Mr. R. E. Margs has been appointed manager of the 
Government Railway and Overseas Department of the 
Vacuum Oil Company Limited, at Caxton House, West- 
minster, London, 8.W.1. For some years he has been 
manager of the firm’s South Wales industrial branch, at 
Cardiff. 


Mr. A. P. Mackm, A.M.I.E.E., at present planning 
and development engineer for the Glasgow Sub-Area, 
South West Scotland Electricity Board, has been ap- 
pointed technica] engineer on the headquarters staff of 
the Chief Engineer to the Board, 62, Dalziel-drive, 
Glasgow, S.1. Mr. J. S. Herron has been appointed 
purchasing officer to the Board. 


Mr. H. A. CHAMBERS, who was attached to the London 
office of Associated British Machine Tool Makers, Limited, 
for 21 years, is joining the Rockwell Machine Tool 
Company, Limited, Second-way, Exhibition Grounds, 
Wembley, Middlesex, in the capacity of general manager, 
on December 1. 


Mr. A. G. GALLE, A.M.I.E.E., M.Inst.W., has been 
appointed Midland technical sales representative of 
Sciaky Electric Welding Machines, Limited, Farnham- 
road, Slough, Buckinghamshire, and will be resident at 
the firm’s Birmingham office, Guildhall Buildings, 13, 
Navigation-street, Birmingham, 2. (Telephone: Mid- 
land 6583.) He succeeds Mr. R. BusHELL, M.Inst.W., 
who, as stated on page 490, ante, has been appointed 
representative in the North of England. 

We have been asked to state that Mr. W. CAMPBELL 
ALLEN, who, as recorded on page 466, anfe, is retiring 
from his p as secretary of Méssrs. Richardsons, 
Westgarth and Company, Limited, and associated com- 
panies on December 31, is to remain a director of these 
companies. 

Messrs. ALFRED WISEMAN AND COMPANY LIMITED, 
announce that Mr. Davin Hale, of 10, Hay-drive, 
Johnstone, Renfrewshire, has been appointed their 
Scottish technical representative. 


244, 








THe LATE Mr. R. MurpIN DRaKE, O.B.E.—We 
record with regret the death of Mr. Reginald Murdin 
Drake, which occurred on Sunday, November 21, follow- 
ing ah operation for appendicitis. My. Drake, who was 
joint manager of the Association of British Chemical 
Manufacturers, the representative trade association for 
the chemical industry, 116, Piccadilly, London, W.1, 
was born at Huddersfield, on December 2, 1902. After 
completing his general education, he entered the Univer- 
sity of Leeds and obtained the M.Sc. degree of that 
University. In September, 1926, he joined the staff ot 
the Association of British Ohemical Manufacturers, 
which had been established ten years previously, and 
after serving for some years as a technical assistant, was 
appointed assistant manager in 1940. In July, 1945, 
Mr. Drake was promoted to the position of joint manager 
with Mr. Allan J. Holden, B.Sc., F.R.1.C., and, as stated 
above, was occupying this position at the time of his 
death. Mr. Dtake, who was created an 0.B.E. some years 
ago, was elected a Fellow of the Royal Institute of 








N.iW.1. [Price 50s. net.) 





Chemistry in November, 1946. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel.—Production at the mills continues at a 
high level. In September, the Scottish weekly total of 
ingots and castings was 46,700 tons, equivalent to an 
annual rate of 2,420,000 tons, or a fraction over 15 per 
cent. in excess of the country’s 2,100,000 tons share of 
the national target. It is expected that the October 
figures will prove to be equally satisfactory, while Novem- 
ber production shows signs of continuing the progress. 
Re-rollers have also had a good year to date, and although 
periodically short of re-rolling materials they continue 
to operate on a high level. This is particularly the case 
with sheet bars, but the shortage would have been more 
acute but for Belgian deliveries, which, however, were 
small in tonnage in relation to requirements. 


Scottish Coal.—Deep-mined outputs are showing the 
expected seasonal improvement, although there is still 
room for considerable expansion. In the second week 
of the month, production was 475,60¢ tons, compared 
with 453,900 tons in the previous week, when sharp 
losses occurred through strikes in Ayrshire, but the total 
would have been higher but for losses caused by occa- 
sional unofficial stoppages ; a few thousand tons were 
also lost following a fractured drum shaft at a pit in the 
central area. The district details, with those for the 
previous week in parentheses, were :—Lanarkshire, 
188,500 tons (181,400); Fife, 140,000 (143,900); 
Lothians, 76,500 (76,800) ; and Ayrshire, 70,600 (51,800). 
Despite the improvement, supplies are under considerable 
pressure in keeping with the period of the year, and little 
surplus fuel is obtainable. Graded sorts are short of 
requirements, and large coal is short for domestic and 
other purposes, while gum generally is going away freely. 
In the export section numerous countries are inquiring 
for supplies, but coal is available only for countries with 
official allocations. 





NOTES FROM THE SOUTH-WEST. 


CarRpDIFF, Wednesday. 

The Welsh Coal Trade.—Miners who have been on 
strike at Gwaun-Cae-Gurwen for the past fortnight have 
now voted in favour of a return to work, this result 
having been obtained in a secret ballot after two previous 
refusals. The result, however, did not bring about an 
immediate return to work, for the pits had meanwhile 
been closed by the Coal Board, but it enabled the 
National Union of Mineworkers to approach the Coal 
Board with requests to reopen them. On the Welsh 
steam-coal market there has been a strong inquiry 
throughout the week and business has gone forward 
steadily. Large deliveries are being maintained to the 
home market where substantial orders are held for 
delivery over some considerable time. The essential 
railway, gas and electricity services and the leading iron 
and steel works are all taking large quantities, but there 
is also a steady trade with the ordinary industrial users 
and the domestic demand is brisker. A considerable 
part of the production will continue to be taken for this 
purpose for a long time. Little fresh business can be 
taken on for abroad but operations under standing 
arrangements are proceeding steadily. The Argentine is 
getting good deliveries and as this contract runs out at 
the end of the year there is much interest in what is likely 
to be done for 1949. Conditions are quieter with Brazil 
owing to financial arrangements not working very 
smoothly ; this was also the case with Spain where trade 
has again slowed down considerably. Activities are being 
maintained on satisfactory lines with Portugal and there 
is a quiet business with Italy. The French trade is still 
upset by the strikes at the French ports and the only 
deliveries being made were in French tonnage. Business 
with Eire continues steady. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swanse& Exchange states 
that, last week, business in tin-plate was slightly less 
active, no doubt owing to the fact that makers, being 
heavily committed, had little to sell for delivery during 
the remainder of the year. In the export market, the 
inquiry fs good, but quiet conditions rule through lack 
ot supplies. Steel sheets are sought after and orders are 
as difficult to place as ever. Iron and steel scrap con- 
tinue te be in urgent demand. 





25,000-H.P. METALLIC RESISTANCE.—A large metallic 
resistance, which has been designed for testing heavy- 
duty railway electrical equipment, has just been com- 
pleted by the Expanded Metal Company, Limited, West 
Hartlepool, to the order of a Continental organisa- 
tion. This resistance is capable of dealing with 
maximum load of 25,000 h.p. at voltages up to 3-3 kV; 
and the current can be adjusted between 25 and 11,000 
amperes in 25-ampere steps. It consists of 50 frames 
of resistance banks and occupies about 6,000 cub. ft. 


Some 160,000 cub. ft. of air per minute are required for 
cooling. 


NOTES FROM SOUTH YORKSHIRE. 


. SHEFFIELD, Wednesday. 
Tron and Steel.—Progress is being made with the 
extension and re-equipment of Sheffield works. Further 


reparations machine tools are on their way to Sheffield 


works ; a consignment of 1,000 tons of heavy machine 
tools is going to a single firm. It is understood that 
Messrs. Samuel Fox & Co., Ltd., one of the constituent 
companies of The United Steel Companies is to join 
with Firth-Vickers Stainless Steels, Ltd., in the scheme 
planned originally by Firth-Vickers for a new stainless- 
steel continuous rolling mill estimated to cost 1,500,0001. 
Each company will produce its own steel independently 
and will carry out rolling operations at the new works. 
At present there is a pronounced shortage of stainless- 
steel sheets, and the necessity to increase rolling capacity 
is urgent. A leading Sheffield firm is making good pro- 
gress in the erection and equipment of a new hacksaw 
factory, and will begin to operate it shortly. The pro- 
duction of steel, tools and engineering requirements, 
in fact of all branches of Sheffield industry, is being 
impeded by the enforced economies in the use of gas and 
electricity and the operation of staggered hours of 
working. 

South Yorkshire Coal Trade.—Supplies of coal are better 
and it has been possible to spare more coal for building 
up reserves at steelworks and house-coal depots. Good 
deliveries have been made also to railway-locomotive 
depots for current use and for the Christmas traffic. Gas 
coal is in strong request, and there is an insistent demand 
for coal for coke-works and patent-fue! installations. 
The demand for hard coke is very strong, and there is 
a little greater demand for gas coke. Export demands 
ate heavy and bunkers are in moderate request, chiefly 
for large screened and washed thirds. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers are unable 
to cope with the heavy delivery claims of both home and 
averseas customers. A decrease in the output of certain 
branches of industry, due to needs of plant repairs after 
a long run at high pressure, is reported, but the total 
tonnage production is stilllarge. Fuel supplies are main- 
tained on a scale that meets immediate needs, but larger 
deliveries would be very welcome. The yield of the 
Cleveland ironstone mines continues to increase steadily, 
but consumers would appreciate a quickening of the rate 
of expansion. Imports of good foreign ore from the 
continent of Europe and from Africa remain on a satis- 
factory scale. Substantial parcels of iron and steel scrap 
are coming forward from home sources and from over- 
seas battlefields, but the demand is extremely heavy. 
Consumers are still desirous of increasing stocks and are 
in the market with large orders. There is no reduction in 
the demand for larger quantities of pig iron. The blast- 
furnace capacity is not fully engaged, chiefly because 
coke is not available in sufficient quantities to justify the 
re-kindling of idle stacks. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
is still wanted in considerably larger quantities than are 
available. None is obtainable on Teesside and parcels 
from other producing centres are not always adequate 
for the users’ urgent requirements. Foundries have a 
large volume of work in hand, much of which is for 
export, and running contractsare frequently halted by the 
continued shortage of pig iron and scrap. The whole 
production of the basic-iron furnaces is moving promptly 
into use at makers’ adjacent steelworks. 

Hematite, Low-Phosphorus and Refined Iron.—The 
limited make of East-Coast hematite is insufficient for 
the demand, but producers are able to deal fairly satis- 
factorily with the actual needs of regular users. Dis- 
tributable parcels of low- and di phosphorus 
qualities of iron are readily taken up and manufacturers 
of refined iron have well-filled order books. 


Manufactured Iron and Steel.—Branches of industry 
catering for the requirements of users of semi-finished 
and finished-iron commodities ate well occupied and 
contracts in hand will keep the plants busily employed 
for some time. Steel firms are faced with a huge and 
growing demand for their products, but the limits of 
expansion of makes were reached recently when record 
outputs were established. These were achieved by 
running plants at exceedinly high pressure and cannot be 
repeated until renewals of plant and general repairs have 
been carried out at the works. Satisfactory supplies of 
steel semies are obtainable, but prime billets and sheet 
bars continue in constant demand. There is a strong 
and unabated request for ali types of finished steel. 
Sheet makers have more work in hand than they can deal 
with and are being pressed to accept bookings for delivery 
over periods considerably ahead. Manufacturers of 
shipbuilding material, railway requisites and colliery 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week ‘preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Mouday, November 29, 6.30 p.m., 
Neville Hall, Neweastle-upon-Tyne. ‘‘ Education of the 
Production Engineer,” by Mr. T. B. Worth. Liverpool 
Section : Wednesday, December 1, 7.15 p.m., Exchange 
Hotel, Liverpool. Informal Discussion Evening. 
INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS.— 
Tuesday, November 30, 2.30 p.m., Institution of Elee- 
trical Engineers, Victoria-embankment, W.C.2. “‘ Ap- 
plication of Barn Hay Drying,” by Mr. P. C. Finn- 
Keleey. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 30, 5.30 p.m., Great George-street, S.W.1. ‘“‘ The 
Co-ordination of Horizontal and Vertical Alignment for 
Roads,” by Mr. W. H. Spencer. 

INSTITUTE OF REFRIGERATION.—Tuesday, November 
30, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, 8.W.1. ‘“‘ Progress in 
Marine Refrigeration,’”’ by Mr. E. Elliott. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Ttesday, November 30, 39, Elmbank- 
crescent, Glasgow, C.2. 6.20 p.m., Council’s Report for 
1947-48. 6.30 p.m., ‘‘ Caustic Cracking in Boilers,” by 
Dr. C. D. Weir. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Midland Centre: Tuesday, November 30, 6.30 p.m., 1, 
Whitehall-road, Leeds. ‘“‘ Load Dispatching and the 
British Grid System,” by Mr. A. R. Cooper. Radio 
Section: Wednesday, December 1, 5.30 p.m., Victoria- 
embankment, W.C.2. “Fixed Resistors for Use in 
Communication Equipment,” by Mr. P. R. Coursey. 
Southern Centre: Wednesday, December 1, 6.30 p.m., 
University College, Southampton. ‘“‘ Behaviour of High- 
Voltage Solid-Type Cable Accessories,” by Messrs. C. J. 
Armstrong and C. T. W. Sutton. Institution: Thursday, 
December 2, 5.30 p.m., Victoria-embankment, W.C.2. 
“ Magnetic Amplifiers,” by Mr. A. G. Milnes; and 
“Theory and Design of Magnetic Amplifiers,” by Messrs. 
H. M. Gale and P. D. Atkinson. 

INSTITUTION OF THE RUBBER INDUSTRY.—London 
Section: Tuesday, November 30, 7 p.m., Caxton Hall, 
Victoria-street,S.W.1. ‘‘ Lignin,” by Mr.T. R. Dawson. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
December 1, 3 p.m., Whitehall, S.W.1. “* Airborne 
Forces,” by Maj.-Gen. A. J. H. Cassels. 

INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—East Midlands Branch: Wednesday, Decem- 
ber 1, 6.30 p.m., Gas Showrooms, Parliament-street, 
Nottingham. ‘“‘ Electrostatic Filtration,” by Mr. F. 
Wright. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, December 1, 7 p.m., James Watt 
Institute, Birmingham. ‘“‘ Commercial Wrought Light 
Alloys,” by Mr. H. A. Wainwright. Institution: Friday, 
December 3, 6.30 p.m., 39, Victoria-street,S.W.1. Film : 
“ How to Weld Aluminium.” 

INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, December 1, 7 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. “‘ Fuel Efficiency,” by Mr. 
H. A. Haines. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, December 2, 5 p.m., Film House, Wardour-street, 
W.1. Film: “ Atomic Physics ” (Admission by ticket 
only). 

INSTITUTION OF ENGINEERING INSPECTION.—Thurs- 
day, December 2, 6 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. “ Railway Services: Their 
Organisation and Control,” by Mr. J. G. Boustead. 

RoyaL AERONAUTICAL SocreTy.—Thursday, Decem- 
ber 2, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ Problems in the Development of a New 
Aeroplane,” by Mr. G. R. Edwards. 

CuemicaL SooreTry.—Thursday, December 2, 6 p.m., 
The University, Sheffield. ‘‘ Problems in the Production 
of Useful Power from Nuclear Energy,” by Sir Wallace 
Akers. 

RoyaL SanrraRyY InsTITUTE.—Friday, December 3, 
10 a.m., Art Gallery, Plymouth. “ Re-Planning of Ply- 
mouth,” by Mr. J. Paton Watson. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
December 3, 6 p.m., Storey’s-gate, S.W.1. “‘ Control of 
Production,” by Mr. 8. W. Lister. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Friday, December 3, 6.30 p.m., South Wales Institute 
of Engineers, Park-place, Cardiff. “‘ The Supervising 
Engineer in Industry,” by Mr. A. G. Ramsey. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
December 3, 6.45 p.m., Engineers’ Club, Manchester. 
““'The Gas Turbine for Industrial Power,” by Mr. R. G. 





equipment are as extensively sold as conditions justify. 


Voysey. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
r. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
» Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 


art paper wrapper, on the inside black and white 

and in the art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 


T 

wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The a 9 ry advertisements classified under the 
ra. ppointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and w. an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box anulior the exten Ghani Se 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


yp eniiet ps rracages aig cage for insertion in 
© current week’s issue must received not later 
than first post Wednesday. “f 

“Copy” instructions. and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to pel 
Proofs for approval. 

The Proprietors will not hold themselves ape 
for advertisers’ blocks left in their possession for more 
than two years 
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THE UNIFICATION OF 
SCREW THREADS. 


On November.18, after 40 years of intermittent 
negotiation on the standardisation of screw threads, 
an agreement was signed in Washington that Great 
Britain, the United States and Canada would adopt 
a new standard series to be known as Unified Screw 
Threads, having a 60-deg. angle, and with the alter- 
natives of a rounded crest for use in the United 
Kingdom and a flat crest for use in the United 
States. The text of the subsequent announcement 
by the British Standards Institution is reprinted on 
page 522 of this issue. So end and begin two 
chapters of great interest in Anglo-American his- 
tory. While the news that, after so many years of 
argument, no time is to be lost in issuing a provi- 
sional Standard with the new thread form, must be 
generally gratifying, and should be of material 
encouragement to British exporters of many types 
of machinery and vehicles, it does mark the virtual 
end of a notable epoch, and removes another of 
the several monuments to that prince of Victorian 
mechanics, Sir Joseph Whitworth. Unquestionably, 
if a change is accepted as necessary, “‘’twere well 
*twere done quickly.” Even so, as the B.S.I. 
announcement reports, the intended standardisation 
cannot be extended to all sizes without further 
discussion, which is to take place in the United 
Kingdom “at an early date.” The British delega- 
tion, consisting of Sir Ewart Smith, representing the 
Engineering Divisional Council of the British Stan- 
dards Institution, Mr. Percy Good, C.B.E., Director 
of the B.S.I., Mr. H. L. Griffiths, one of the B.S.I. 
technical officers, and Mr. T. R. B. Sanders, of 
the Ministry of Supply, found themselves unable to 
accept the proposed coarse-thread and fine-thread 
series in the range below a quarter of an inch in 
diameter, and questioned the need for two separate 
series which must be closely similar. 

One hundred and seven years have passed since 











Whitworth presented his historic paper on screw- 
thread standardisation before the Institution of 
Civil Engineers. Since that time, four great 
wars have impinged on screw-thread practice. 
In 1841, as Whitworth pointed out, almost every 
factory had its own screwing tackle. Engineers’ 
repairs were costly and inconvenient. Some firms, 
in order to secure repeat orders or repair work, 


7 | used novelties of design to ensure individuality and 


non-interchangeability with the parts of their 
rivals. This practice was conspicuous in the English 
bicycle trade 50 years later. The procedure adopted 
by Whitworth was typical of his practical good 
sense. Instead of embarking on abstract discus- 
sions, he made a collection of all the screws and 
nuts made by the chief English workshops, and, 
after averaging the dimensions in common use up 
to an inch or more of diameter, he adopted 55 deg. 
as the angle and extrapolated a table of bolts up 
to 6 in. in diameter. These were received favour- 
ably by English, German and American engineers, 
and were known all over the world by generations 
of users as the Whitworth Thread—a practical and 
disinterested compromise based on accepted usage. 
After a little more than 20 years came the first 
impact of war on screw threads. The American 
Civil War embittered some Anglo-American relation- 
ships and the Franklin Institute Jed an attack on 
the Whitworth thread. The Sellers form, with its 
easy equilateral-triangle profile, with simple flats 
at crest and root, was recommended. In those 
days of crude measurements, the Sellers form 
offered undeniable advantages to most engineers 
and it was adopted as the U.S. Standard. When 
the Franco-Prussian war ended and the metric 
system was imposed on Germany by Imperial decree 
in 1871, it was obvious that the popular and widely 
used Whitworth thread, with its inch sizes, was an 
alien. It was also natural that a metric thread 
should be proposed, and this was done by Delisle, 
of Karlsruhe, in 1873. From that time, Inter- 
national Screw-Thread Congresses were held at 
various places until, in 1898, the International 
Metric Thread was agreed upon at Ziirich. Never- 
theless, the Whitworth thread had a firm hold on 
the Continent and in Russia, so that, in 1914, the 
great majority of bolts and nuts, and nearly all those 
used on railways, were to Whitworth standards. 
The first world war dealt a serious blow at the 
Whitworth thread. The Russian revolution of 1917, 
and the German collapse of 1918-19, lessened British 
influence in large Continental areas. This makes it 
the more regrettable that a golden opportunity was 
missed, in 1917, of merging the Sellers and Whit- 
worth threads. When the Americans came into 
World War I, they were eager to co-operate and 
they invited suggestions from Britain that might 
help the war effort. On October 1, 1917, Dr. H. 8. 
Rowell proposed to the Screw Threads Committee 
of the British ineering Standards Association 
that the V thread angle should be 57} deg. At 
that time, the errors of thread angles were often 
greater than 2} deg. It was decided, we under- 
stand, that this compromise thread should be 
put forward, but no action was taken. In July, 
1918, the United States Congress appointed a Screw 
Thread Commission to promulgate standards, but 
the weariness of war and the subsequent disillusion-— 
ments of the peace slowed down the discussions. 
In 1926, Sir Richard Glazebrook, who had been 
chairman of the B.E.S.A. Screw Committee in 1917, 
led a mission to America ‘and did suggest the 
57}-deg. thread as a link between the two thread 
forms; but interest had ebbed, American trade . 
was booming, and, amid the rosy clouds of disarma- 
ment conferences, the half-way thread was dropped. 
When the next war had arrived, a new generation 
was fighting it, and some of the lessons of the pre- 
vious conflict had been forgotten er incompletely 
learned. Again, it was not until the struggle was 
years old that unification of screw-threads was 
deemed of importance. In August, 1944, a United 
States-Canada Screw Thread Mission, under the 
auspices of the Combined Production and Resources 
Board, visited Britain to confer on standards of 
screw-thread design. This led to a number of 
meetings in June, 1945, under the sgis of the 
Institution of Mechanical Engineers, and once 
again, the 57}-deg. thread was put ferward; but 
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Dr. Rowell, who had suggested it in 1917, now 
spoke against it, and advocated the 60-deg. form 
on account of preponderating American as well 
as Continental production. The time had gone 
by, as he thought, for the compromise thread. 
The 1945 discussions were subject to various 
experimental programmes to compare the strengths 
of different forms, and it says much for the energy 
of the committees concerned that agreement has 
been reached in little more than three years. 

Detailed information regarding the new provi- 
sional] Standard will be awaited with keen interest, 
and perhaps some concern by those works executives 
who may have been on the point of ordering new 
serewing tackle, as well as by the makers and sup- 
pliers of it. Whitworth enthusiasts could hardly 
hope for a much longer existence of the 55-deg. 
thread. Almost all the V threads of the world are 
now based on the equilateral triangle and the excep- 
tions are not of value in argument. The old Bodmer 
thread of 50 deg., the Léwenherz thread of 
53 deg. 8 min., and the British Association thread of 
474 deg. are, in comparison with the Sellers and 
Metric, in a very small minority. Whatever may 
have been the advantages of acute thread angles a 
century ago, it must be realised that, with modern 
methods of accurate manufacture, the case is 
altered. Before another war has disgraced human- 
ity, it may be hoped that all general threads of 
the V type will be made with the 60-deg. angle. 

The gradual development and unification of 
standards in course of time is a natura] and unavoid- 
able process whieh should not be resisted on grounds 
of mere conservatism. It is not merely on account 
of advances in manufacture that standards should 
change ; improvements in materials must also be 
taken into account. In Whitworth’s early days, 
the chief metals used for screws were wrought iron 
and cast iron. These led to very large spanner sizes 
and nuts one diameter thick. With bolts machined 
from bar, the waste of material on the old sizes is 
excessive and nowadays numerous variations of the 
old standards are in daily use. Pitches are finer, 
nuts and bolt-heads are only half as thick, and this 
is daily proved to be justifiable with modern 
materials such as are used in motor cars and aero- 
engines. The great predominance of the 60-deg. 
angle for screw threads is a guarantee that it is 
satisfactory. Opinions in favour of the Whitworth 
thread eommand respect, but the enormous output 
of Sellers threads in cars, tractors, aircraft, and 
other machinery is more than opinion ; it is a fact. 

Two main questions arise as a result of the agree- 
ment signed last week in Washington. By what 
stages and in what time is the new standard to be 
reached, and who is to pay the cost ? When the elec- 
trical grid was introduced into Britain about 15 years 
ago, unsuitable equipment was replaced gratis by 
the authorities and the expense was borne by all the 
taxpayers, including those whose equipment was 
replaced and those who had no electrical equipment 
at all. This is a pattern for modern standardisation 
technique, and its general adoption would greatly 
diminish the opposition of minorities. In the pro- 
blem of thread unifieation, if free screwing tackle 
were provided to those whose standards are absorbed 
or abolished and the cost borne largely or wholly by 
these whose work is not interrupted, equity would 
be, to some extent, satisfied. As to the time 
required for the change and the provision of spare 
parts for old assemblies, much can be done if action 
is taken quickly while the effects of the war are still 
present. A rapid change is likely to cause less 
disturbance in the long run than the co-existence for 
many years of two sets of standards. Alternatively, 
some intermediate forms of thread, say, 57} deg., 
may help to bridge the transition period. The 
second question arising is concerned with rights and 
liberties. The B.S.I. explain by whom the agree- 
ment was signed and on whose behalf ; but by whom 
will it be enforced and what sanctions will be 
imposed ? That we live in a free country has almost 
become a music-hall joke, but Siock Exchange quo- 
tations cannot be applied to standardisation up- 
heavals. This is an important aspect of the pro- 
blem. Prudent standardisation of accepted practice 
and unification of established standards are power- 
ful aids to progress and efficiency. They should 


THE DEBATE ON THE 
IRON AND STEEL BILL. 


Last week’s issue of ENGINEERING had been made 
up, and the greater part of it had gone to press, 
before the results were available of the voting on 
the Second Reading debate on the Iron and Steel 
Bill, so that no more could be done than to insert 
the brief summary which appeared on page 495, 
ante, and to record that the voting on Mr. Oliver 
Lyttelton’s amendment (that the Bill should not 
be read “now,” but “‘ upon this day six months ”’) 
was 373 votes against the motion and 211 in favour 
cf it. Since then we have had the opportunity to 
read the full report—350 columns of it—as printed 
in Hansard and to appreciate, much more fully 
than would be possible on the basis of newspaper 
accounts and comments alone, the utter lack of 
reasonable justification for the Government’s 
action in tabling the Bill at all. Despite occasional 
charges to the contrary, we have never consciously 
Opposed any measure proposed by the present 
administration merely because of the source from 
which it came, any more than we would support 
uncritically any counter arguments of the Opposition 
for the sake of being “agin the Government ” ; 
but this is a Bill which, if it passes into law, must 
inevitably produce effects of the most profound 
and far-reaching significance upon the industry 
which, with the coal-mining industry, is the founda- 
tion of the whole of British engineering. 
The crucial question, as was pointed out by a 
number of Opposition speakers, but especially by 
Sir Andrew Duncan in one of the most cogent, 
well-reasoned and factually critical speeches made 
in the House of Commons for many years, is whether, 
and how, the nationalisation of the iron and steel 
industry could possibly improve upon the present 
efficiency of production. If it could be shown 
conclusively that nationalisation could provide 
more, better and/or cheaper steel than is practicable 
under the present ownership and management, there 
would be a prima facie case for making the experi- 
ment ; but no such evidence has been forthcoming. 
There was not even a semblance of a guarantee 
that the present standards of efficiency would 
be maintained. The paucity of justification for the 
Bill on any ground of improved production efficiency 
was the more marked because several of the Govern- 
ment’s supporters showed an evidently close and 
practical acquaintance with the industry and a 
knowledge of its operating conditions that should 
have enabled them to make out an exceptionally 
strong case against nationalisation if the roles of 
Government and Opposition had been reversed. 
Sir Andrew Duncan, at the outset of his speech, 
referred to the proposals put forward by the Govern- 
ment in May, 1946, for the purpose of nationalising 
‘appropriate sections” of the industry, with the 
declared object of improving the efficiency; and 
contrasted them with the present scheme, which, 
he declared, with an inside knowledge certainly 
greater than that of anyone else in the House, could 
“‘do nothing to add to or strengthen the industry’s 
contribution to the national needs, now or in the 
immediate future.” The present proposals, he 
maintained, “cut right across all the machinery, 
both industrial and Governmental, which had been 
built up in recent years for the better ordering 
and more efficient functioning of all sections of the 
industry’; and he quoted the Government’s own 
figures of the percentages of existing capacity in 
those several sections which it was intended to take 
over, as evidence of the disruption that must ensue. 
The charge that the industry had pursued a restric- 
tive policy he refuted by quoting official statistics 
to show how production had increased in the inter- 
war years and how, at all relevant periods, there had 
been an excess of available capacity. When 
production did fall, it fell in sympathy with world 
conditions. Looking back on those years between 
the wars, it cannot be denied that there were periods 
of unemployment and great hardship, but to 
blame this state of affairs upon the steel industry’s 
leaders of that time, or to maintain that nationali- 
sation would have avoided it, is simply fantastic. 
Limitations of space make it impracticable to 





not be hampered by short-sighted economies. 


ments of his admirably-teasoned ease, almost every 
paragraph of which contained something well worth 
quoting ; but some reference must be made to a 
point on which Government speakers had laid 
considerable stress, namely, the intention to retain 
the outward structure of the various firms, their 
names, their special brands and trade marks, and 
(initially, at all events, and as far as possible) their 
present direction. So long as the ultimate respon- 
sibility was to be vested in a new Corporation, Sir 
Andrew contended, it was futile to talk as though no 
alteration was to be made in the management and 
direction ; directors and managers might still be 
called directors and managers, but in fact they 
would and must be no more than executive officers, 
and their work was “ bound to change in character 
and shrink in significance.” To superimpose upon 
them the authority of a central Corporation must 
mean that “there will be an inevitable and rapid 
march towards bureaucracy, just as big a bureau- 
cracy as if it had been intended that the firms 
should be taken over in the same way as those in 
the coal industry were taken over.” In conclusion, 
said Sir Andrew, the Government had made no 
attempt to prove an industrial cise; the industry 
was doing very well and there was an onus on the 
Government to show that they could do better, 
but “‘ they have not discharged this onus, and they 
cannot discharge it.” 

Two other factors of primary importance, to 
which several speakers referred, are the supply of 
raw materials necessary to expand the production 
of iron and steel, and the question of the survival 
of the “goodwill” now vesting in the various 
owners of proprietary brands and to be acquired, 
the Government evidently expect, with the nationa- 
lised share holdings and the plant and fixtures. 
There have been sundry more or less practicable 
‘targets’ proposed for the steel industry, one at 
least running as high as 26 million tons per annum. 
Not all of them have been put forward by people 
who know anything about steel or the industry, but 
the uncritical rank and file of the Government’s 
supporters—and, indeed, the greater part of the 
newspaper-reading population of the country— 
have no means of making an accurate assessment 
of the practicability of one “target” rather than 
another. It was as well, therefore, that one of the 
contributors to the Second Reading debate (Mr. 
Selwyn Lloyd, the Member for the Wirral division 
of Cheshire) should have pinned down these generali- 
ties with a few hypothetical figures. If, he asked, 
the Government were to consider 20,000,000 tons 
of steel per annum as the proper target for the 
industry, where would they get the necessary 
additional 8,000,000 tons of coal, 2,500,000 tons of 
ore and 2,500,000 tons of scrap that would be 
required to bring the present output up to that total 
of production?—not to mention another 
250,000,0001. worth of capital equipment. 

The matter of “ goodwill” does not lend itself 
to statement in figures, but its importance cannot be 
denied. ‘“‘ ’Tis not in mortals to command success, ” 
but they can get nearer to that particular “ target 
than they can to commanding the good opinion of 
steel buyers, even in their own country. Well-known 
brands of steel are bought not only on the makers 
declarations of quality but—perhaps subconsciously 
—on the known personality and character of the 
men who control the makers’ firms, and the esprit 
de corps that they inspire; but, as was remarked 
in the debate, esprit de corps is not a commodity 
that can be bought and sold, and goodwill that has 
taken many years to build up can vanish almost 
in a night. However good the nationalised steel 
may be, the buyer will know that the men who direct 
and control its making are, in Sir Andrew Duncan’s 
words, only executive officers, responsible to a remote 
and paper-bound semi-political Corporation. Such 
points as this, however, are not likely to weigh 
heavily or at all with the sponsors of the Iron and 
Steel Bill ; if they were susceptible to such considera- 
tions, they would not have sponsored it. The Labour 
Party have published their “case for nationalisa- 
tion” in a recent book by two members of the 
Party’s research department ; but their real reason 
is in the three words of the title—Steel is Power. 
They have yet to learn that, in the wrong hands, 
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NOTES. 


Tue THomas HawxksLey LEcrure. 


Tux 35th annual Thomas Hawksley Lecture was 
deliveted to the Institution of Mechanical Engineers 
in London, on Friday, November 19, by Mr. K. 
Baumann, chief mechanical engineer of Messrs. 
Metropolitan-Vickers Electrical Company, Limited. 
The chair was taken by the President, Captain (E) 
William Gregson, R.N.R. Mr. Baumann, who took 
as his subject that of “Heat Engines,” gave a 
comprehensive review of the developments made 
since 1917, when the late Captain Riall Sankey 
surveyed the same field in the fifth Thomas Hawks- 
ley Lecture ; in particular, he compared the actual 
progress made with the forecasts of Captain Sankey 
regarding the expected developments in heat engines 
of the various types and discussed their future 
prospects. Captain Sankey was pre-eminently a 
steam engineer, and Mr. Baumann found that his 
predictions in respect of most types of stationary 
steam reciprocating engines were substantially 
realised. There had been considerable subsequent 
development in steam locomotives, and, as a 
direct result of the recent war and of the stimulus 
provided by the successful adoption of the exhaust- 
steam turbine, steam reciprocating machinery had 
continued to give good service in ship propulsion ; 
mainly, however, this was in vessels of compara- 
tively small power, and its extent was due largely 
to the manufacturing problems involved in engining 
quickly the large numbers of cargo vessels built 
during the war. With regard to gas engines, Sankey 
had expressed the view that 5,000 h.p. was the 
practicable maximum power, and this had been 
confirmed by subsequent experience; but there 
had been a notable advance by the introduction of 
the dual-fuel engine, able to use either gas or oil. 
In the field of engines using oil only, the develop- 
ment of the compression-ignition type had been 
remarkable for its rapidity and diversity, both on 
land and at sea. Great progress had been made 
also with petrol engines, especially for the propulsion 
of aircraft ; in one type, the Rolls-Royce, the power 
had increased from 360 brake horse-power at 2,000 
r.p.m. to 1,980 brake horse-power at 3,000 r.p.m., 
while the weight per brake horse-power had been 
reduced from 2-5 Ib. to 0-87 Ib. between 1918 and 
1945, and the fuel consumption had been reduced to 
0-477 Ib. per brake horse-power per hour. The size 
and efficiency of steam turbines has shown con- 
siderable advances beyond anything envisaged by 
Captain Sankey, and boiler plant had shown steady 
improvement in efficiency. After reviewing progress 
with gas turbines and binary-fluid systems, and 
discussing briefly the factors influencing the choice 
of prime movers, Mr. Baumann said, in conclusion, 
that, over the period surveyed, gas engines had 
improved 33 per cent. in efficiency when using town 
gas and 13 per cent. with producer gas ; the improve- 
ment in oil engines was 26 per cent.; and with 
steam plant it was 78 per cent., or, with reheat, 
92 per cent., and 100 per cent. improvement was in 
immediate prospect. A vote of thanks to the 
lecturer, proposed by Sir Harry Ricardo, F.R.S., 
and seconded by Mr. A. C. Hartley, C.B.E., was 
carried by acclamation. 


Brrtish Amways. 


The annual reports and statements of accounts 
for 1947-48 of the three British national air-transport 
organisations—the British European Airways Cor- 
poration, the British South American Airways Cor- 
poration, and the British Overseas Airways Corpora- 
tion—have now been issued and, as was fore- 
shadowed, show a continuation of the heavy aggre- 
gate operating deficits of the previous year ; though, 
as the report of the first-mentioned Corporation 
points out, the finances of the present accounting 
period (the twelve months ended March 31, 1948) 
are not strictly comparable with those of the previous 
reports. British European Airways showed a defici- 
ency on the operating account of 3,284,282/. out of 
& total expenditure of 7,409,818/.; British South 
American Airways, which had made a profit of 
rather more than 107,000J. in the preceding year, 
now showed a deficiency of 161,481/.; and British 


Overseas Airways—the accounts of which, like those 
of British European Airways, it, in some 
respect, a more complex picture than those of the 
South American services because of the large number 
of subsidiary arid associated companies—reported a 
net deficit of 6,503,166/. This figure is appreciably 
less than the loss for the previous year, which was 
7,258,1901. The total deficit for the three Corpora- 
tions, it will be seen, is not far short of 10,000,0001., 
or about 161. per passenger carried ; though, of course, 
this method of computation is no safe criterion, as it 
takes no account of freight traffic, which has in- 
creased considerably compared with 1946-47. 


Extensions TO LonpoN TRANSPORT CENTRAL 
LINE. 

Extensions to the London Transport Central Line, 
westward from Greenford to West Ruislip and 
eastward from Woodford to Loughton and Hainault, 
were formally inaugurated by the Minister of 
Transport (the Rt. Hon. A. Barnes, M.P.), on 
Friday, November 19, and were opened for public 
traffic on Sunday, November 21. Of these two 
extensions, the western forms part of the 1935-40 
New Works Programme of the London Passenger 
Transport Board and considerable progress with it 
had been made when work had to be suspended 
owing to the outbreak of war. Resumption, too, 
was hindered by shortage of labour, although this 
was partly compensated by the employment of 
German prisoners of war and, more recently, of 
Poles. The line is 4} miles long and has necessitated 
considerable civil engineering work, including the 
widening of the Northolt cutting for about half a 
mile and the virtual reconstruction of the Long-lane 
road bridge at West Ruislip. At South Ruislip and 
Ruislip Gardens stations piling was necessary to 
carry the platform buildings. As regards the track, 
300-ft. welded running and current rails have been 
used and anti-freeze batteries and point heaters have 
been installed to prevent delays to traffic during 
frost. Traction current will be obtained from two 
new sub-stations at Northolt and Ruislip, which are 
remotely controlled from Old Oak Common. The 
eastern extension is 53 miles long and utilises the 
former steam-operated lines of the Eastern Region, 
British Railways. The original stations on these 
lines, however, have been, or are being, modernised 
by the installation of standard ticket offices, waiting 
rooms and electric lighting, as well as by the struc- 
tural alterations necessary to deal with the increased 
traffic. The addition of these lines will increase the 
total network served by London Transport to 
243 route miles and the total number of stations 
to 278. They will also bring improved traffic 
facilities within the reach of 70,000 more people. 
A further result is that it will be possible to replace 
the Central Line depot at Wood Lane, Hammer- 
smith, by two new depots at Ruislip and Hainault 
with accommodation for 500 and 344 cars, respec- 
tively. 


TRANSPORT RECORDS. 


At their annual conference, held at Stationers’ 
Hall, London, E.C.4, on November 16 and 17, 
the British Records Association discussed the effect 
of recent legislation on the records of undertakings 
or authorities whose functions have been trans- 
ferred to new public bodies like the National Coal 
Board or the British Transport Commission. These 
bodies are not Government departments and, 
therefore, their records are not “ public records ” 
under the charge and superintendence of the Master 
of the Rolls, like, for example, the records of the 
Ministry of Transport. The position as it affects 
transport records was explained by Mr. G. Royde 
Smith, secretary of the London Midland & Scottish 
Railway Company, who had been asked by Sir 
Cyril Hureomb, the chairman of the British Trans- 
port Commission, to make a survey of these records 
and report on methods of dealing with them. 
Meanwhile, instructions have been issued that no 
records shall be destroyed. “Savage and sus- 
tained salvage drives” in two world wars, said 
Mr. Smith, a century of amalgamations, and the 
effect of flood and fire have played havoc with the 
records of transport undertakings like railways and 
canals, but there are still many left ; at Euston 
alone there are thousands of minute books. Title 





deeds have always been carefully preserved because 





of their value in day-to-day operations. The pro- 
blem is largely one of accommodation. Through the 
eourtesy of the British Transport Commission, the 
British Records Association was able to exhibit 
some early railway records. These included con- 
tracts for supplying passenger engines to the London 
and Birmingham Railway in 1838, another of the 
same year for engine tenders by Edward Bury, and 
W. and L. Cubitt’s contract of 1836 for the con- 
struction of the Euston offices and portico. George 
Stephenson’s estimate for the Liverpool and Man- 
chester Railway and his report to the directors of 
the Preston and Wyre Railway were also exhibited. 
An interesting item was a book showing the per- 
formances of locomotives in 1839-40 on the Liver- 
pool and Manchester Railway, with full details of 
fuel consumption, etc. A letter from General 
Richard Egerton, C.B., Colonel of the 46th Foot, 
dated September 16, 1830, also on view, gave 
@ vivid account of the opening of the Liverpool 
and Manchester Railway on the previous day, and 
particularly of the fatal accident to Huskisson. A 
postscript to the letter said of the railway that 
‘“‘there is no doubt of its coming into general use 
and answering perfectly.” 


CENTENARY oF H. A. ROWLAND. 


When, in 1876, the Johns Hopkins University 
was founded at Baltimore, Maryland, out of the 
bequest of the Baltimore grocer, Johns Hopkins 
(1795-1873), the chair of physics was given to Henry 
Augustus Rowland, then 28 years of age. He only 
lived to be 52, but no one did more to establish the 
reputation of the new university than he, and it is 
of interest to recall that his appointment was made 
in the recommendation of Clerk Maxwell, to whom 
Rowland had sent one of his unpublished memoirs. 
Born at Honesdale, Pennsylvania, on November 27, 
1848, Rowland graduated from the Rensselaer 
Polytechnic Institute, Troy, and began his career 
as a railroad engineer. The call of science, however, 
was too strong, and after teaching for a while at 
Wooster College, Ohio, he became an assistant 
professor at Troy. Before beginning work at 
Baltimore, he spent some time under Helmholtz in 
Berlin, and added to his reputation by an investi- 
gation of the magnetic effects produced by a rapidly 
revolving electrically charged body. His subsequent 
work, all of considerable importance, related to the 
re-determination of the mechanical equivalent of 
heat, the determination of the ohm, and to solar 
spectroscopy. It was in connection with the last 
that he devised his improved ruling engine and 
introduced concave diffraction gratings. It was said 
that his gratings had no rival. Recognised as one of 
the most brilliant men of science that America had 
produced, he was honoured by many scientific bodies 
both in America and Europe. He died at Baltimore 
on April 16, 1901, and his ashes were buried beneath 
his ruling engine. His library was presented to the 
Johns Hopkins University by his widow. 


Symposium ON THE USEs OF ELECTRONICS. 


On Thursday, November 18, a two-day sympo- 
sium, consisting of eleven papers and subsequent 
discussions, on the applications of electronics to 
research and industry, was opened at the Caxton 
Hall, Westminster, London, S.W.1, by Sir Edward 
Appleton, F.R.S., who is secretary of the Depart- 
ment of Scientific and Industrial Research. The 
symposium had been organised by the Scientific 
Instrument Manufacturers” Association (S.I.M.A.) 
of Great Britain, Limited, 26, Russell-square, 
London, W.C.1, for the purpose of showing how 
electronic methods of control and instrumentation 
could help to solve problems arising in scientific 
research and in industrial processes; practical 
demonstrations of electronic equipment were given. 
In his opening address, Sir Edward referred to the 
economies effected by the use of electronics in 
various industrial techniques, and announced that 
the D.S.I.R. had set up a small advisory committee 
to help firms recognise processes in which electronic 
devices could be usefully applied, or for which they 
could be satisfactorily developed ; the committee 
members would also introduce firms to the manufac- 
turers of the appropriate equipment. The six papers 
given on the Thursday were concerned mainly with 
the use of electronics in research, and covered such 
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subjects as the measurement of small displacements 
and of ionising radiations, and included descriptions 
of electronic computers and of high-vacuum gauges. 
The five papers given on the following day 
were more concerned with industrial applications, 
and, in general, discussed existing uses or current 
developments in these fields. These papers included 
descriptions of bomb-location, metal-detecting, 
and picture-telegraph equipment, and referred to 
the uses of electronics in spectroscopy and in the 
measurement of sound and vibration ; also in some 
of the industrial applications of ultrasonics. It 
was announced that §.I.M.A. intended to publish 
all the papers and the discussions as a single volume, 
and that there was a possibility of holding similar 
symposia periodically. 


ProgecTeD I.C.I. Puant Extensions. 

The 75th anniversary of the establishment of 
what is now the Winnington works of Messrs. 
Imperial Chemical Industries, Limited, was taken 
by Lord McGowan, the chairman of the company, 
as aN opportunity to announce the intention to 
undertake considerable extensions of the already 
large plant of their Alkali Division. The expendi- 
ture envisaged will be about 13,000,C00/., and will 
form vart of a programme of still further expansion, 
involving in all a capital outlay of about 80,000,000/. 
The scheme, which is scheduled for completion by 
the end of 1953, will have the effect of increasing 
by more than 50 per cent. the present capacity for 
the production of alkalis, and will require an 
additional labour force of some 3,000 men. The 
Winnington works, originally that of Brunner, 
Mond and Company, was founded in the park of 
a large country house and the work of construction 
was begun about April, 1873. The business was 
established by John (afterwards Sir John) Tomlinson 
Brunner and Dr. Ludwig Mond, F.R.S., the father 
of the late Lord Melchett, to operate the Solvay 
process for the production of soda ash. They 
encountered many practical difficulties and for 
years, to quote Lord McGowan, they “ walked the 
tight-rope of near-bankruptcy while being buffeted 
by the cruellest of luck,” including a serious boiler 
explosion in June, 1874, and a law-suit (which they 
won) at about the same time, arising out of the 
inadequacy of some blowing engines which proved 
incapable of sustaining the required duty. Moreover, 
they were faced by a difficult task in establishing 
the Solvay process in face of the strong commercial 
position already secured by the Leblanc process. 
They persevered in their endeavours, however, and 
in comparatively few years had themselves achieved 
@ position that was virtually unassailable—a 
triumph of private enterprise, as Lord McGowan 
Temarked, for, undoubtedly, ‘‘the bureaucratic 
mind would have wanted to wind up their mad 
venture soon after its inception” and then “ how 
much poorer the nation would have been ! ”’. 





RAILWAY FILMS AND FILMsTRips.—Tbe London Mid- 
land Region, British Railways, announce that they 
are willing to lend 16-mm. sound films and filmstrips 
on railway subjects free of charge to schools, clubs, 
societies, etc. The films include some dealing with 
the building of a steam locomotive and of the main- 
line Diesel-electric locomotive, the work of the Research 
Laboratory at Derby, and the maintenance of the 
Permanent way. There also are colour films on 
railway travel and filmstrips on subjects of general 


interest. Inquiries should be addressed to the nearest 
District Passenger Manager or District Goods and 
P. M 





P of the London Midland Region. 
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SIMPLIFIED STEEL AND CASTINGS DISTRIBUTION.—It 
is announced by the Ministry of Supply that firms who 
use (and sub-authorise) less than 25 tons of steel in each 
quarter and whose total consumption of steel does not 
include more than 10 tons of sheet, will, after January 1, 
1949, need only one annual authorisation for their 
requirements. This relaxation will save the 250,000 
licences, authorisations and sub-authorisations which are 
necessary at present. The steel thus allotted must, 
however, be used for industrial purposes, for manufacture 
or further processing or for maintenance and repair. 
Steel required for the erection or repair of buildings is 
not included. Full particulars are given in ‘‘ Notes for 
Consumers 11,” which is being sent with an application 
forn. to all knewn eligible consumers, involving, it is said, 
some 30,000 firms. Iron castings also are to be no 


LETTERS TO THE EDITOR. 


THEORY OF CONTROL IN 
ENGINEERING COURSES. 


To THE Eprror OF ENGINEERING. 

Sir,—I should like to support Mr. R. H. McMillan’s 
view, expressed in the letter published in your issue 
of November 12, on page 472, that the theory of 
control should receive greater attention in educa- 
tional courses. The classification of control systems, 
necessary for the understanding of automatic control 
devices, has shown up a new aspect of mechanisms 
which may usefully form a new basis of study. 
Those who attempt to understand automatic-control 
devices on a basis of ordinary mechanics get lost in 
the impossibility of tracing causes and effects, and 
commonly expect such devices to achieve what 
they are clearly incapable of. For example, opera- 
ting engineers often think that the common thermo- 
static boiler-feed regulator will maintain a constant 
level of water in the boiler, although they know 
perfectly well that different feed-valve openings are 
for different rates of steaming, and can 
only be obtained by different water levels. 

So far, most of the information on this subject 
that has been published has been of a very mathe- 
matical kind, excepting only a few articles in 
American handbooks. We need specialists in this 
subject, but for the general run of operating and 
constructional engineers it is sufficient if they know 
(a) that such classifications exist ; (6) roughly what 
they are, in understandable terms; (c) what the 
different types of control can do; and (d) the 
meanings of the terms of the new technique. Given 
these fundamentals, the ordinary engineer’s explana- 
tion of, say, a turbine governor will be serted out 
into a logical system of closed loops instead of the 
mystical muddle of so-called ‘‘ compensating ” 
features that it usually is. 

It should be possible to give students a concise 
introduction to this subject, and for the rest of us 
a few authoritative articles in the technical Press, 
more simplified than the many excellent papers 
that appeared in the recent Symposium on the 
subject, would be of lasting value. Nothing more 
than a clear outline is needed. The rest must be 
left to the specialists. 

Yours faithfully, 
Ian D. CaMPBELL, 
B.Sc., M.I.Mech.E., M.I.E.E. 
58, Trap-lane, 
Sheffield, 11. 
November 16, 1948. 





THE METRIC SYSTEM. 


To THE Eprror oF ENGINEERING. 

Sm,—Mr. J. Halcro Johnson, in his letter pub- 
lished in your issue of November 5, page 448, hits 
the nail squarely on the head when he says that the 
advantage of the metric system lies in the fact that 
it makes counting and measuring consistent with 
one another. I can only regret that he did not drive 
home with equal force the equally important advan- 
tage of world-wide intelligibility. The metric 
system is employed universally in science, partly 
because of its simplicity and flexibility, but partly 
also because it is realised that science is a collective 
human enterprise, and that it is most important 
that we should all speak the same number language 
in measurement as well as in calculation. No one 
wishes to forbid the use of local units for purely 
domestic affairs, but we are beginning to realise 
that industrial production is also a collective human 
enterprise and that the field in which a universal 
number language is of vital importance fs steadily 
widening. 

These considerations rule out the duodecimal 
system. It has a slight advantage over the decimal 
system for purposes of calculation, but none whatever 
for measurement: the number of significant figures 
required in measurement depends on the accuracy 
that the job demands, not on the system of numbers 
used, and since we already use @ universal number 
language for calculation, the introduction of the 





longer subject to control. 


duodecimal system would tarnish our brightest spot. 





In one respect I seem to have been misreported. 
I made no appeal to logic ; practical simplicity, not 
logical simplicity was my criterion. The question 
is one for operational research rather than logic ; 
and talk of right and wrong, of new systems, and 
compulsion, is all beside the point. The job before 
us is steadily increasing and some items of our 
equipment are obviously inefficient compared with 
others. Our problem is to shift the main load on 
to the efficient items as smoothly as possible. 
Yours faithfully, 
L. HaRTSHORN. 
National Physical Laboratory, 
Teddington, Middlesex. 
November 12, 1948. 





POWER FROM THE WIND. 


To tHe Eprror oF ENGINEERING. 


Sm,—There should be wholehearted agreement 
with you as to the value of the Grandpa’s Knob 
experiment described in your editorial review of 
November 12, on page 469, ante, and in your praise 
for the public spirit of Mr. P. C. Putnam and the 
S. Morgan Smith Company in making the informa- 
tion gained so fully available to those who may 
wish to follow up their pioneering work. Your 
review bears so directly upon the work of the 
section on wind-power generation recently estab- 
lished by the Electrical Research Association— 
which you also mention—-that I am venturing to 
send you some comments based on our close study 
of Mr. Putnam’s book, of Mr. Percy H. Thomas’s 
reports on his aerogenerator designs, and on our 
personal contacts with these gentlemen. 

It should be emphasised that the Grandpa’s 
Knob generator was found to be quite satisfactory 
in electrical operation prior to the unfortunate 
mechanical failure which caused its abandonment. 
The fact that the constructional costs of this type 
of aerogenerator were rather too high to be economic 
in Central Vermont, where there is a good supply 
of cheap water power, is by no means an indication 
that this or some modified form would be uneconomic 
here, where generating costs are considerably higher 
and where more favourable wind regimes almost 
certainly exist. The advantages of large aero- 
generators located close to the electricity supply 
network, and acting as ‘coal savers” by feeding 
their output directly into it, are too obvious to 
need elaboration. It is too early for definite con- 
clusions to be reached, but costing studies and 
preliminary wind velocity surveys, appearto confirm 
that aerogeneration has economic possibilities in 
this country. 

Although you are probably correct in suggesting 
that a pilot plant of 30-kW capacity is too small 
to enable adequate conclusions on large-scale possi- 
bilities to be drawn, it may be doubted whether so 
large a plant as 1,250 kW is either necessary, or, 
in fact, wise as a first stage in practical realisation. 
The cost of an experimental plant of significant 
size, while it may call for the special financial 
measures which you advocate, would be of an 
order low enough to compare favourably with that 
of pilot plants for alternative methods of power 
production, which are now being investigated. 

In conclusion, may I draw attention to a small 
error in your final paragraph? The annual output 
figures for different parts of the world, in all cases, 
should be e in ‘“‘kWh per kW” and not 
in “kW,” or, as in the last line, in “‘ kWh.” 

Yours truly, 
E. W. GoLpINe, 
British Electrical and Allied 
Industries Research Association. 
15, Savoy-street, 
London, W.C.2. 
November 24, 1948. 





RAILCAR SERVICES ON WESTERN REGION.—As a result 
of the opening of the Underground Central Line extension 
to West Ruislip, Northolt Station on the Western 
Region line is to be closed and the steam railcar service 
serving Greenford, Northolt, West Ruislip and Denham 
withdrawn. The Ealing Broadway and Greenford 





railcar service, however, will be augmented. 
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OBITUARY. 


LIEUT.-COLONEL J. D. K. 
RESTLER, O.B.E. 


WHEN the Institution of Engineers in Charge 
held their annual dinner in London on May 28, a 
message was read from the President, Lieut.-Colonel 
J. D. K. Restler, O.B.E., regretting that, because of 
ill-health, he was unable to attend, but referring 
optimistically to his progress towards recovery. 
Unfortunately, this hope was not realised, and we 
have now regretfully to record that Colonel Restler 
died on November 13, at the age of 68. 

John Douglas Kendall Restler, who was born on 
July 22, 1880, was the son of Sir James William 
Restler, K.B.E., formerly chief engineer of the 
Southwark and Vauxhall Water Company and 
afterwards of the Metropolitan Water Board, and 
spent practically the whole of his life in the engineer- 
ing of water supplies. He was educated at West- 
minster School and at King’s College, University 
of London, supplementing his technical education 
there, under the late Professor David Sing Capper, 
by a pupilage of 18 months in the works of James 
Simpson and Company, Grosvenor-road,. London. 
He was also, for a short time, a demonstrator in the 
engineering laboratories at King’s College, but in 
1902 went to the Southwark and Vauxhall Water 
Company as resident engineer on the laying of a new 
36-in. main, an undertaking which included also the 
construction of a tunnel under the Thames at 
Kingston. This work occupied him for three years, 
but, while still engaged on it, he was appointed chief 
engineer to the Rickmansworth and Uxbridge Valley 
Water Company, for whom he subsequently installed 
the first suction gas plants to be used for public 
water supply. His association with the Rickmans- 
worth and Uxbridge Company was maintained for 
the rest of his life, being interrupted only by war 
service on the Continent and in Europe during the 
1914-18 war, and two years ago he became chair- 
man of the company after having been a director 
for some 24 years. He was also, for more than 
20 years, chairman of the St. Albans Water Works 
Company, of which his father had been chairman 
before him, and, in the course of his private practice 
as a consulting engineer in Westminster, was con- 
cerned with a number of other water undertakings, 
and the supply of water, electricity and other 
services to public institutions. Shortly before the 
recent war, when security measures were being taken 
in preparation for the expected outbreak of hostilities 
with Germany, he was appointed chairman of the 
Regional Advisory Water Committee for the north- 
western area of the Home Counties. Colonel Restler 
was a member of the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, and the 
Institution of Water Engineers. 





THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 497.) 


WE continue below our report of the annual 
Autumn Meeting of the Iron and Steel Institute, 
held in London at the offices of the Institute, on 
Wednesday and Thursday, November 10 and 11, 
under the chairmanship of the President, Sir Andrew 
McCance, LL.D., D.Sc., F.R.S. 


A SratisticaL DEPARTMENT IN THE STEEL 
INDUSTRY. 

“The Work and Organisation of a Statistical 
Department in Heavy Industry, with particular 
reference to the Steel Industry,” was the title of 
the third, and last, paper considered on Wednesday 
morning. The author, Mr. A, W. Swan, of the 
United Steel Companies, Limited, Sheffield, in 
presenting it, stated that it was divided into three 
parts. The first dealt with basic theory and in this 
it was pointed out that the main purpose of present- 
day statistics was to provide the best possible infor- 
mation about large numbers through the use of 
small numbers. The second part gave five examples 
of the application of statistical techniques and the 
resulting benefits ; these related to quality control 
in a machine shop, the sampling of silica brick, 





factors affecting the quality of Bessemer-steel 
rails, the effect of coke quality and other variables 
on blast-furnace performance, and the control and 
inspection of hot-rolled steel bars. The third part 
of the paper was concerned with the staffing and 
organisation of statistical work. It was recom- 
mended that statistical analysis be assigned to an 
existing section of an organisation and it was 
added that the chief requirements for the statistical 
investigator should be (a) an ability to understand 
the point of view and difficulties of the practical 
men he was to help; (8) the ability to size up and 
analyse a problem, and (c) a sound knowledge of 
mathematics. 

Mr. W. J. Jennett said that he agreed with the 
author’s statement that the central theme of this 
work was that small numbers were being used to 
tell something about big numbers. The author had 
also given his views on qualifications. There was 
no doubt that the mathematical statistician, if he 
was good, would be better than the man who did 
not know mathematics, but, generally, his experi- 
ence had been that the mathematician quickly got 
into the clouds and liked things which were abstruse. 
One characteristic which was highly desirable in 
the people doing this work was that they should be 
enthusiastic enough to persist in the face of all 
kinds of difficulties and particularly in the face of 
opposition from the people with whom they were 
trying to work. Where these methods had been 
applied consistently and intelligently, the whole 
atmosphere and outlook had changed. There was 
& different spirit of co-operation in industry ; there 
was something which linked together the efforts of 
the operator, the manager and the supervisory 
staff. The real test was that when these methods 
had been properly applied the persons concerned 
felt that they could not afford to do without them. 

Mr. N. H. Bacon said that a very useful piece of 
work had been done by the author and his colleagues 
in connection with a merchant mill, on problems 
connected with the rolling and inspection of bars. 
This had been one of the most spectacular results 
achieved, because the amount of inspection had 
been cut down very greatly, the returns from 
clients had been steadily reduced, and the rolling 
technique had been improved. It should be empha- 
sised, however, that the statistician, having worked 
out his ‘‘ sums,” should be extremely careful about 
the manner in which he put his results across to 
the man in the shop. The next speaker, Mr. D. H. 
Ward, said that a large part of the duties of a works 
statistician was to report to the management on the 
significance of results already reported in one form 
or another by other departments. All these involved 
simple applications of common sense as well as of 
statistics. It should be remembered, however, that 
in order to use correctly the well-established tech- 
nique, the would-be statistician nearly always re- 
quired training and help from a qualified statistician. 

Mr. T. Sanderson said that the qualitative effects 
of coke quality and other variables on blast-furnace 
performance were known with a fair degree of 
certainty, but the quantitative effects were purely a 
matter of conjecture. The use of the statistical 
technique had been of great utility, because it had 
yielded quantitative values and it had enabled the 
author and his colleagues to compile a blast-furnace 
index which was useful not only to the manage- 
ment, but also in further experimental and research 
work. Mr. H. Herne, who spoke next, said that in 
any trial there was a wide scatter in the results and 
the purpose of the statistician was to reduce this 
scatter to proportions which could be handled, so 
far as this was possible, and to deduce, from a 
number of results, logical conclusions which had a 
quantitative justification. In the past, the statis- 
tician, and the applied statistician in particular, 
had come from the ranks of those possessing an 
academic mathematical training. At present, there 
were many colleges and polytechnics training per- 
sons in a general appreciation of statistical methods. 
This kind of individual had the type of psychology 
which was more adaptable to industrial problems. 

Sir Charles Goodeve, F.R.S., said that it was 
generally known that work on statistics had been 
going on for 25 years, at least, on the applied side. 
The names of Pickard and Dudding stood out as 
pioneers in the early history of these methods. 





The work had spread into a number of industries, 
and its intrusion into the steel industry was going 
to be a very healthy development, judging by its 
rate of growth, at all events. There was some 
reference in the paper to the United States, rather 
with the implication that the Americans might be 
ahead of us in applied statistics. His experience 
had been exactly the reverse. It was astonishing 
to find, in American literature on research, the 
frequency of the failure to do one of the most 
elementary things in statistics, and that was to 
provide a “‘ blank ” with which to compare observa- 
tions. The failure, particularly in production trials, 
to go back for a week and do what was being done 
before, was very noticeable. The last speaker, 
Dr. J. H. Chesters, said that, in his opinion, the 
greatest service which a statistician could render to 
any industry was to convert other people in that 
industry to the use of statistics. The man in the 
works, however, should be asked to do the work ; 
no statistician could be an expert on rolling mills, 
refractories and other departments. Hence, he 
might miss what to the practical man was a very 
obvious factor. Mr. A. W. Swan, in the course of 
his reply, said that it was a paper of which Mr. 
Jennett' was part author, presented to the Insti- 
tution of Electrical Engineers in 1937, which had 
started him off on the subject of statistics. Mr. 
Jennett had referred to opposition, but in the three 
years during which his section had been running 
he had not had any real opposition. There had 
been people who had been “sticky ” and sceptical, 
but real opposition he had not met at all. 

At this stage of the proceedings, the President 
adjourned the meeting until 2.30 that afternoon. 


OxyGEN ENRICHMENT IN CONVERTER PRACTICE. 


The first paper considered on Wednesday after- 
noon was a contribution from the Melting Sub-Com- 
mittee of the Melting and Metallurgical Committee 
of the Steel Castings Division of the British Iron and 
Steel Research Association. The paper was by Mr. 
J. L. Harrison, Dr. W. C. Newell and Mr. A. Hartley, 
and was entitled “The Application of Oxygen 
Enrichment to Side-Blown Converter Practice.” It 
was presented by Mr. Harrison. The authors 
stated that the practical utility of oxygen-enriched 
air for side-blown converter practice had been 
demonstrated in a series of works-scale experiments. 
The converters employed had been originally oper- 
ated as Stock converters, and though now operated 
as normal converters, the original oval shape and 
dimensions remained unchanged. The siliceous 
monolithic lining was uniformly about 13 in. thick. 
There were six silica-brick 2 in. diameter tuyeres 
spaced 10 in. from the base of the vessel, which had 
a capacity of 40 cwt., increasing to 50 cwt. during 
the life of the lining. This, during normal operation 
and without general patching, was about 60 heats. 

From experience gained during several months’ 
continuous operation with oxygen-enriched heats, 
the authors were satisfied that even a moderate 
degree of oxygen enrichment applied with little or 
no modification to existing converter units would 
lead to an improvement in steelmaking practice. 
A consideration of the economic aspects of oxygen 
enrichment was a somewhat complex matter. The 
cost of adding from 1,000 to 2,000 cub. ft. of oxygen, 
per ton of steel, must be set against a series of 
factors, such as enhanced fluidity and higher output 
or shorter working day, which would vary in value 
in different works. Apart, however, from these 
factors, economies in materials, including cupola 
fuel, pig iron, ferrosilicon, and blowing loss, were 
commensurate with the ultimate cost of the oxygen. 

It was concluded, therefore, that oxygen enrich- 
ment of the side-blown converter blast was likely to 
be widely applied in the future on account of a 
number of technical advantages which might be 
given briefly as follows. Higher steel temperature 
was possible, with its attendant advantages, in the 
foundry, of increased fluidity and reduced skulling 
loss. A shorter blowing cycle was possible, thus 
permitting a higher steel output from a given plant 
or, alternatively, a smaller plant for a given output. 
Lower-temperature molten iron could be accepted 
thus permitting some fuel economy in the cupola. 
A higher scrap charge could be used in the cupola, 
thus permitting a reduced pig-iron consumption. 
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There was a reduction in the need for an addition 
of ferrosilicon during cupola melting or during the 
blowing operation. There was also not only a 
reduction in the blowing loss but the end-point of 
the operation was more easily controlled and the 
final composition of the finished steel had been 
proved to be more consistent. The authors were 
of opinion that the side-blown converter, with 
oxygen enrichment, was likely to be increasingly 
used, not only in foundries for carbon and man- 
ganese steels, but also for bulk ingot-steel produc- 
tion. This last suggestion, however, would probably 
necessitate modifications in design. Mr. Harrison 
added, in conclusion, that this work which began 
in October, 1947, was now very: much beyond the 
experimental stage, and since February of this year, 
at the works of Messrs. Catton and Company, 
Limited, Leeds, all the steel turned out had been 
produced with the aid of oxygen. 

Dr. W. C. Newell, in a brief introductory speech, 
said that the British Iron and Steel Research 
Association had helped in various ways and that 
the present investigation was an example of how 
co-operative research and a small foundry, operated 
under private enterprise, could achieve great results 
for the benefit of the country. The authors pre- 
dicted that oxygen enrichment was likely to find 
a place in basic-lined side-blown vessels of, larger 
capacity than were at present employed in the 
foundry industry. One other application was that 
of cupola working.; they had applied oxygen enrich- 
ment to cupolas. Briefly, their conclusions were in 
line with those obtained with converters, namely, 
higher temperature increment, fuel economy, and 
higher speed of output. 

Mr. F. Cousans, in opening the discussion, said 
that the thanks of the industry were due to the 
Research Association for sponsoring the work, and 
the steel-foundry industry owed a debt of gratitude 
to Messrs. Catton for having made the work possible. 
It was known that, during the recent war, 25-ton 
side-blown converter plants were used in Germany 
to make low-nitrogen steel for special purposes, and 
the authors rightly drew attention to the possibility 
of using oxygen-enriched air blast with large units 
for the bulk production of steel. It would have been 
helpful, in making comparison possible, if inclusion 
counts of normal heats and of oxygen-enriched 
air-blast heats had been recorded. 

Mr. A. H. Catton said that what had been done 
in his works had been merely to scratch the surface 
of the problem of oxygen enrichment, but this had 
created a great deal of interest among steelmakers, 
and it was generally agreed that much development 
work was waiting to be done. Oxygen enrichment 
had given his steel foundry an additional tool to make 
steel more quickly than before with the plant at 
their disposal, to increase the temperature of the 
steel made, and, on account of the increased tem- 
perature and fluidity, to make better castings. The 
next speaker, Mr. A. G. Hock, asked regarding the 
composition of the slag at various stages and at 
the end of the blow. Mr. C. Macnair, who spoke 
next, asked whether temperatures in the region of 
1,800 deg. C. were really necessary. He considered 
that a ladle temperature of 1,650 deg. C. for bottom- 
stoppered pouring and of approximately 1,700 
deg. C. for lip pouring was sufficient to cast any 
section. He wondered whether the authors’ high 
temperatures were giving increased fluidity at the 
expense of increased fettling. Claims for a reduction 
in the blowing loss by using oxygen-enriched air 
blast were made in the paper, but these claims were 
difficult to reconcile with the published matter. 
The figures given in the paper for various pressures 
and degrees of oxygen enrichment suggested that 
the blowing loss could become excessive. Losses 
in converter Operations were already a serious 
economic factor, and an increase of even | per cent. 
should not be taken lightly. 

Mr. P. H. Sykes said that the quantity of oxygen 
used in the work recorded in the paper was up to 
260,000 cub. ft..a week. This was, relatively, a 
small demand, and the cost was about the same as 
had to be paid when using this quantity of oxygen 
for steel cutting. If, however, the technique of 
using Oxygen were extended on a substantially 


realm of the figures which were thought of when 
the term “tonnage oxygen” was employed. A 
subsequent speaker, Mr. D. J. O. Brandt, said that, 
in Germany, a blast containing 30 per cent. of 
oxygen was being blown regularly through con- 
verters and no trouble was experienced with the 
bottom tuyeres. Dr. C. H. Desch, F.R.S., who 
spoke next, said that when using oxygen enrichment 
one would expect the nitrogen content of the 
finished steel to be reduced appreciably. When 
making a low-carbon steel for deep drawing the 
question of nitrogen content became very important 
and it would seem that the use of oxygen-enriched 
blast might lead to a reduction of the nitrogen 
content of the steel. 

In a brief reply, Dr. W. C. Newell said that there 
was evidence, particularly from the nitrogen con- 
tent of side-blown as opposed to bottom-blown 
Bessemer steel, that the slag acted as a protective 
covering. Reference had been made, in the paper, 
to the maximum temperature attainable with the 
technique described, but these higher temperatures 
were not always needed. There seemed to be no 
need for any extra fettling when using oxygen- 
enriched blast. In reply to Dr. Desch, the nitrogen 
contents of the steels produced were more or less 
normal ; it would probably be found that, in order 
to reduce the nitrogen content appreciably, it would 
be necessary to resort to very high oxygen enrich- 
ments. 


Basic BESSEMER STEEL. 

“Development of an Improved Basic Bessemer 
Steel” was the title of the next paper considered. 
It was by Dr. H. A. Dickie, general manager of the 
research department of Messrs. Stewarts and Lloyds 
Limited, Corby, Northamptonshire, who stated that 
Bessemer steel, as compared with open-hearth steel, 
had the advantage of superior machinability and 
welding properties ; it had a higher yield point for 
equivalent composition and, when specially pro- 
cessed, developed the higher elastic limit required 
for certain applications. These factors were of value, 
but they were liable to lead to excessive hardening 
with accompanying embrittlement when the manu- 
facturing or fabricating conditions were unusually 
onerous and of a character unsuited to the nature 
of the steel. Brittle fracture, however, could be 
induced in any steel if the right (or the wrong) 
methods were applied. Every steel had its limit. 
As a result of tests it had been fully established, by 
different methods of approach, that when the 
phosphorus and nitrogen contents of Bessemer steel 
were reduced to values similar to those of the best- 
quality open-hearth steel, the differences between 
the steels disappeared. This was not to say, how- 
ever, that these were the only factors concerned in 
embrittlement. 

Much work had been done on methods of prevent- 
ing nitrogen from being absorbed from the nitrogen 
gas in the blast. Little or no absorption occurred 
in practice during the fore-blow (up to the drop of 
the carbon flame). The evolution of carbon 
monoxide opposed the absorption of nitrogen from 
the blast. It was in the later part of the blow, and 
particularly in the after-blow, when the temperature 
was mounting rapidly, that nitrogen quickly in- 
creased in normal blowing. The object in the new 
practice introduced as a result of the investigation 
was to obtain, if possible, a conjunction of the 
various factors in such a manner that they all 
operated in the direction of ensuring less diffusion 
of nitrogen into the metal, with, consequently, less 
absorption. To make the best use of the pressure 
ahd time factors, the conditions must be balanced 
to secure both. Decreased pressure and time of 
contact could be brought about concurrently by 
decreasing the bath depth. The conventional con- 
verter could be modified to secure a shallow bath 
without re-designing the shell. This was done by 
using a refractory-brick construction for the lining 
in its lower portion, instead of the usual tamped 
lining. The partial pressure of the nitrogen gas, 
in contact with the charge, was further lowered by 
the addition of oxides to the charge, or oxygen to 
the blast, or by taking both steps concurrently. 
By these means a sharp drop in the nitrogen content 
of the steel was achieved compared with normal 


had distinctly less work-hardening and ageing 
susceptibility than ordinary Bessemer steel, but it 
was not in all respects fully reduced to the level of 
the softest quality open-hearth steel, except perhaps 
in a selected proportion of the output. This was 
not without its F bead s for example, the machin- 

ability was not sufficiently affected to cause difficul- 

ties in high-speed screwing and threading operations 
to which the steel was applied. Chemically, the 
new steel was superior to both open-hearth and 
ordinary Bessemer steels, because of the naturally 
purer base and low nitrogen, phosphorus and sulphur 
contents. The corrosion resistance was enhanced 
and the weldability improved. 

Mr. A. J. K. Honeyman, who opened the discus- 
sion, stated that the author had said that when the 
phosphorus and nitrogen contents of Bessemer steel 
were reduced to values similar to those of the best 
quality open-hearth steel, the difference between 
the steels disappeared. The author’s own figures, 
however, had shown that, at all events, the nitrogen 
content of his improved Bessemer steel did not 
approach that of the best open-hearth steel. The 
next speaker, Dr. P. M. Macnair, said that the basic 
Bessemer had also been introduced at 
Ebbw Vale. In the initial stages of experiments 
to lower the nitrogen content of the steel iron ore 
had been added. Now scrap steel was added 
shortly after the carbon blow had developed its 
full force and had been found just as effective as 
iron ore. The results obtained were in line with 
those of the author and the nitrogen content was 
reduced from 0-015 per cent. to an average of 
about 0-:0085 per cent. A subsequent speaker, 
Mr. A. Robinson, said that the additive effects of 
phosphorus and nitrogen were interesting, and the 
research opened up the prospect of using Bessemer 
steel for purposes for which it had not been regarded 
favourably in the past. The comparisons made, in 
his view, were not quite fair to open-hearth steel, 
as the comparative samples were somewhat higher 
in carbon ; but it was well known that it was much 
easier to make a low-carbon steel and a first-class 
rimming ingot witha thick, sound skin by the Thomas 
process than in the open hearth furnace. 

Mr. J. Glen said that the process described by 
the author certainly did work. Steel such as that 
described in the paper, containing very low phos- 
phorus, very-low sulphur and low nitrogen, of the 
order of 0-006 to 0-007 per cent., could be made at 
will, with low incidental impurities, and by a 
process naturally adapted to make the best type of 
rimming ingot. Moreover, the application of the 
process was extremely simple; there was no 
interruptions to crane availability nor any altera- 
tion to the steelmaking routine. No deterioration 
in lining life had been noticed since the introduction 
of the process ; indeed there was a feeling that the 
process actually prolonged the lining life. The 
next speaker, Mr. W. M. Thring, said that the two 
developments discussed that afternoon, namely, the 
low-nitrogen Bessemer steel and the use of oxygen 
in the side-blown converter were about the most 
advanced in the whole world in certain respects ; 
they provided a very effective answer to certain 
political remarks that the British steel industry 
was somewhat backward. 

Dr. H. A. Dickie, in the course of his reply, said 
that Dr. Macnair had mentioned that at Ebbw Vale 
they used a scrap process to control the temperature. 
He (Dr. Dickie) believed that they employed an 
immersion thermocouple to determine the tempera- 
ture of every blow. Their own experience at 
Corby, however, was that temperature was not 
important. It was a factor, but it was quite 
possible to make a steel in such a manner as to finish 
with a satisfactory casting temperature and obtain 
good results. The number of tuyeres in the conver- 
ters used was 273, each 13 mm. in diameter; they 
were more or less evenly distributed across the 
bottom of the vessel. They were certainly going 
to e iment with oxygen in the near future. 
It might well happen that, in due course, they 
would arrive at a still more efficient process, using 
oxygen partly to control the heat in a better manner 
than could be done at present. 

The President, at this stage, adjourned the 
meeting until 10 a.m. on the following day. 








greater scale, considerable reductions in the cost of 
the oxygen could be obtained, bringing it into the 


practice. Physically, the improved type of Besse- 
mer steel, as made at present in bulk quantities, 
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THE BICYCLE AND MOTOR- 
CYCLE SHOW AT EARLS 
COURT. 


THE Bicycle and Motor-Cycle Show which closed 
at Earls Court, London, on Wednesday, November 
24, was the first to be held since 1938. The exhibits, 
therefore, were of particular interest as they showed 
the progress made during the past ten years. This 
year’s show was the largest to be held so far, 
136,000 sq. ft. of floor space having been occupied 
by 42 exhibitors of bicycles, 24 exhibitors of motor 
cycles and 83 exhibitors of components and acces- 
sories. As in the case of the recent Motor Show, 
the main emphasis was placed on export. The con- 
tribution made by the bicycle and motor-cycle indus- 
tries to the country’s export drive is, perhaps, not 
fully realised ; in 1947, for example, the value of the 
exports of the combined bicycle and motor-cycle 
industries amounted to nearly 20,000,0001., almost 
five times the value of those for 1938. An encourag- 
ing feature of the export drive is the way these 
industries have been able to expand their activities 
in the United States and Canada. In 1938, for 
example, 3,964 bicycles were exported to the United 
States and 4,069 to Canada, but in 1947 these figures 
were 19,336 and 29,928, respectively, a remarkable 
achievement. The same applies to the export of 
motor cycles, 114 machines having been exported 
to the United States in 1938 whereas by 1947, this 
figure had risen to 10,232. The volume of trade 
built up since the end of the recent war has not 
been obtained by selling at high prices ; in fact, 
recent investigations have shown that, generally 
speaking, United Kingdom prices are lower than 
those of our Continental competitors. This does 
not mean that prices have not increased, as the 
average cost of all machines at the show is approxi- 
mately 100 per cent. above pre-war. To quote 
average figures, however, is not strictly fair, as 
there are many new models with special fittings that 
cannot be compared with pre-war models. 

There is little doubt that the bicycles exhibited 
are considerably better than their predecessors. 
Most of the machines were several pounds lighter, a 
result obtained by the use of improved steels and 
designs, but mostly by the adaptation of light alloys 
to such parts as derailleur variable gears, chain- 
wheel sets, pedals, dynamos and many smaller parts. 
Light alloys have even been used for hubs, and one 
well-known manufacturer of variable-speed gears 
was showing a range of both three- and four- 
speed hubs provided with light-alloy shells. The 
derailleur variable gear continues to gain in popu- 
larity and many examples of both three- and four- 
speed types were exhibited ; one manufacturer was 
showing a gear of this type in which the sprockets 
slide into line with the chain wheel and thereby 
preserve alignment of the chain regardless of the 
gear in use. Generally speaking, however, there 
were no outstanding innovations in design, most of 
the alterations and improvements being confined tc 
details such as those just mentioned. Probably the 
most striking feature of the show was the use of 
colour finishes; the export markets have always 
called for coloured machines and the brilliant hues 
displayed should satisfy their requirements in this 


t. 

The exhibits in the motor-cycle section ranged 
from a diminutive folding model to a racing 
machine capable of attaining a speed of 150 miles 
an hour. The once popular 250 c.c. class, however, 
was represented by only a few models, but there 
were a number of 350 c.c. machines nearly all of 
which were of the conventional push-rod overhead- 
valve design. Numerically, the largest group was 
formed by the medium-weight 500 or 600 c.c. 
class, many of which were fitted with single- 
cylinder engines of well-proved design. There 
were, however, several machines fitted with two-cyl- 
inder engines in which the cylinders were arranged 
side by side, the cylinders having been cast as a 
pair, or separately. Only two four-cylinder engines 
were being shown, namely, the 500 c.c. Wooler, 
and the 1,000 c.c. Ariel. The Wooler engine is 


exceptionally interesting as the four pistons are} 


coupled by a roeking-beam mechanism to a single- 
throw crankshaft arranged along the length of the 





machine. A surprising feature of the show was the 
almost entire absence of V-twin engines; so far 
as could be ascertained, only one machine was 
fitted with an engine of this type. Many engines 
incorporated aluminium cylinder jacket and heads 
and it was noticeable that unit construction of 
engine and gearbox is definitely on the increase. 
Quite a large number of machines were fitted 
with rear springing, an arrangement which adds 
considerably to the comfort of the passengers. 
A noticeable trend here is the growing preference 
for the swinging-fork system of suspension, but one 
manufacturer was showing a machine fitted with 
torsion-bar rear suspension, and another, a range 
of machines fitted with a sprung wheel at the rear. 
In the former case, the rear wheel is located by two 
radius arms which are connected through a linkage 
to torsion bars extending along the length of the 
machine while in the latter case the wheel spindle 
remains stationary with respect to the frame, the 
wheel being supported by coiled springs arranged 
inside the hub. Most machines were fitted with 
telescopic front forks, but conventional link forks 
were fitted to most of the lightweight machines. 
In the majority of cases, the final drive to the 
rear wheel was by roller chains but three machines 
were shown fitted with a shaft drive, namely, the 
Sunbeam, the Wooler and the new 150-c.c. Velocette. 
The last-named machine is particularly interesting 
as it represents a complete departure from normal 
practice. It is fitted with a water-cooled horizont- 
ally-opposed two-cylinder engine having a bore and 
stroke of 44 mm. and 49 mm., respectively, the 
engine being arranged across the frame. The 
water cooling is on the thermo-syphon principle, 
the radiator being located in the frame forward 
of the engine. The gearbox forms a single unit 
with the engine and provides three forward speeds 
the ratios of which are 21 to 1, 13 to 1 and 7 to 1, 
respectively. The rear wheel is sprung, the final- 
drive shaft being enclosed in one of the tubes which 
form the swinging portion of the frame. The rear 
suspension employs coiled springs and is arranged 
so that it can be adjusted to suit the load. The 
frame is a light but rigid steel pressing, the side 
plates of the tep member being exceptionally deep. 
The usual form of kick starter has been abandoned 
in favour of a short hand lever within easy reach 


of the rider, while gear changing is accomplished | P 


by another hand lever close to the petrol tank. 

But few three-wheeled machines were being 
exhibited and of these, only one, the Morgan, 
could be classified as a private machine. An 
interesting three-wheeled delivery van was being 
shown, namely, the Reliant, on which the single 
wheel is at the front. It is fitted with a four- 
cylinder water-cooled engine having a bore and 
stroke of 56 mm. and 76 mm., respectively, and 
capable of developing 14 brake horse-power at 
3,500 r.p.m. The engine is well designed, being 
fitted with a detachable cylinder head and block, 
while the crankshaft is supported by three main bear- 
ings, which is an unusual feature for so smal] an 
engine. The arrangement of the rear part of the 
chassis and the transmission assembly is similar, 
in most respects, to a light car, the rear springs 
being of the semi-elliptical type. A three-speed and 
reverse gearbox is provided while final drive is 
through an open propeller shaft to a spiral-bevel 
type of back axle. 

Generally speaking, all the exhibits were of a 
high order and there were no examples of machines 
fitted with accessories designed merely to catch the 
eye. There were no novelties and nearly all the 
machines on view are either being produced or 
about to enter the production stage. There is 
little doubt’ that so long as the bicycle and motor- 
cycle industries produce the types of machine 
exhibited at Earls Court, no difficulty will be 
experienced in maintaining the present remarkable 
expert figures. 





Untrep Kinepom Liegxt-MsraL Sratisrics.—Statis- 
ties just issued by the Ministry of Supply show that, in 
September, 9,833 tons of aluminium sheet and strip ; 
4,344 tens of bars and castings, tubes, wire and other 
extruded products; 3,929 tons of castings ; and 382 toms 
of forgings were produced in this try. 








ANGLO-AMERICAN-CANADIAN 
UNIFICATION OF SCREW THREADS.* 


THE need has long been felt for a standard screw. 
thread series which could be used when it was desirable 
that products should be interchangeable in whatever 
country they were produced. As long as 40 years ago 
discussions were commenced between the British 
Standards Institution and its co in the United 
States of America. In 1934, 1944 and 1945, a series 
of cenferences took place between the United Kingdom 
the United States and Canada, and at the 1945 confer. 
ence at Ottawa considerable progress was made towards 
co-ordination. Agreement has now been reached 
between the three countries on the thread form, and a 
series of diameters and pitches for bolts, nuts, and 
fastening threads for sizes of } in. and above. The 
three countries primarily concerned with the details 
are now preparing, for issue in their own countries, full 
particulars of the agreed standard and it is hoped that 
the other Commonwealth countries will be able to 
adopt the same standard. The thread system is to be 
known in all three countries as the Unified Screw Thread 
system. The form of thread is one having a 60-deg. 
angle. The bolt thread will have a rounded root, with 
the alternatives of a rounded crest for use in the 
United Kingdom and flat crest for use in the United 
States. The pitch/diameter series will comprise a fine 
and a coarse series, and provision will be made in the 
standard for special design threads. 

The final Conference was held in Washington on 
November 18, and the United Kingdom delegation 
consisted of Sir Ewart Smith, representing the Engineer- 
ing Divisional Council of the British Standards Institu- 
tion; Mr. P. Good, C.B.E., Director, British Standards 
Institution; Mr. T. R. B. Sanders, representing the 
Ministry of Supply ; and Mr. H. L. Griffiths, a technical 
officer of the British Standards Institution. This 
delegation, in associating themselves with the declara- 
tion of agreement, required acceptance of the following 
conditions : 

1. The parties agree that it is essential to use identical 
designations for all threads of which the dimensions 
and tolerances are identical and are mutually accepted 
as coming within the Unified system. 

2. The parties agree to indicate specifically and in 
detail, in their published standards, those dimensions, 
tolerances and other data, which are mutually agreed 
and accepted as coming within the Unified system. 
This is particularly important as the parties may issue 
standards which include both Unified and non-unified 
systems. 

3. That the Service Departments in the participating 
countries agree to use the Unified system, so far as is 
racticable, for all new equipments and stores designed 





by them or designed to their order specifically to meet 
Service needs. 

4. Subject to agreement on the above points, the 
British Standards Institution has authorised the 
immediate issue of a Provisional Standard with the new 
Unified (60-deg.) thread form, although this involves a 
major change in British engineering practice. In view, 
however, of the complexity of the problems involved 
in a change in the sizes below one quarter-inch, the 
United Kingdom has not yet found it possible to accept 
the proposed coarse and fine series in this range. 

5. The importance of working out acceptable Unified 
standards below one quarter inch is recognised and it 
is agreed that further discussions shall take place 
between the three countries at an early date in the 
United Kingdom. 

These having been accepted, the following declaration 
was signed :— 

‘* DECLARATION OF ACCORD WITH RESPECT TO THE 
UniricaTion or ScREw THREADS. 


It is hereby declared that the undersigned, repre- 
sentatives of their Government and Industry Bodies, 
charged with the development of standards for screw 
threads, Agree that the standards for the Unified 
Screw Threads given in the publications of the Com- 
mittees of the British Standards Institution, Canadian 
Standards Association, American Standards Association 
and of the Interdepartmental Screw Thread Com- 
mittee fulfil all of the basic requirements for general 
interchangeability of threaded products made in accord- 
ance with any of these standards. The Bodies noted 
above will maintain continuous co-operation in the 
further development and extension of these standards.’’ 

The British Standards Institution, on a recommenda- 
tion of its Mechanical Engineering Industry Standards 
Committee, which has been endorsed by the Auto- 
mobile, Aircraft, Cinema ph, Electrical Engineer- 
ing, Petroleum Equipment, Photographic, and Scientific 
Instrument Industry Standards Committees will issue, 
early in the new year, a Provisional British Standard 
for the Unified Thread System. After a sufficient 


* Statement issued by the British Standards Institu- 
tion, November 24, 1948. 
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period for review it will be reviewed with a view to its 
confirmation as one of the series of British Standards 
for screw threads. 

For the sizes below } in., the proposals put forward 
by the United States provide for two series which have 

itches finer and coarser, respectively, than the British 

.A. series. From an engineering point of view, it is 
difficult to believe that there is a need for two series so 
close together, and the subject is still being discussed 
in the United Kingdom. In the meantime, sizes smaller 
than } in. will not be included in the Unified system. 

The issue of the standards for the Unified Thread 
System in the three countries does not imply that there 
must be an immediate change-over by British industry 
to the new screw thread. Obviously, the adoption of 
the new system will be advantageous where servicing 
requirements and replacements call for interchange- 
ability in products made in any one of the three coun- 
tries, but it will be the responsibility of each section of 
British Industry to decide for itself whether it wishes 
to adopt the new system. 

This agreement, and the adoption of the new system 
in the three participating countries, and possibly also 
by the other Commonwealth countries, must, however, 
be regarded as a most important step in practical co- 
operation between the nations, and one which must 
inevitably save each country vast expenditures in time 
and money. 





LABOUR NOTES. 


CoNSIDERABLE changes in the organisation of the 
control of Britain’s coal industry, under nationalisation, 
are recommended in the report of the committee of 
three, under the chairmanship of Sir Robert Burrows, 
which was appointed by the National Coal Board in 
May last. The committee, it may be recalled, was 
set up at the time of the resignation of Sir Charles 
Reid from the Board and was asked to inquire into 
the development of the Board’s organisation and to 
advise the Board whether any improvements could 
be made. It is understood that the committee pre- 
sented its report to the Board some weeks ago and, in 
accordance with Lord Hyndley’s statement in London 
on October 23, the committee’s main recommendations 
were published last Monday, together with the Board’s 
comments. The committee’s recommendations deal 
mainly with executive authority and the chain of 


responsibility. 


The committee propose that the National Coal Board 
which at present consists of a chairman and eight other 
members, one of whom is appointed deputy chairman, 
should be enlarged by the addition of a second deputy 
chairman and up to three part-time members. This is, 
in fact, one of the provisions of the Coal Industry Bill 
now before Parliament. The committee suggest the 
setting up of four standing policy committees of the 
Board, which would lighten the work of the full Board 
and enable it to reduce its meetings to about one a 
month. Another recommendation is that divisional 
chairmen should become members of the National 
Board, making a Board of 19 members in all. This 
suggestion is rejected by the Board on the ground that 
its adoption would lead to unnecessary centralisation. 
It will, however, seek other means of strengthening 
understanding between the divisions and headquarters, 
which is the aim of the suggestion. To a recommenda- 
tion that representatives of divisional boards should 
take part in national negotiations on salaries and wages, 
the Board agrees to extend consultations, but states 
that responsibility for decisions on national wage 
policy must rest with itself alone. 








In general, the Board agrees with recommendations 
by the Burrows committee that as area management 
develops, the functions of divisional boards should 
become increasingly those of co-ordination and less 
those of executive management; that divisional 
boards should be linked to the areas by the inclusion 
of area general managers on divisional boards; that 
up to three part-time members from outside the coal 
industry should be oe to divisional boards ; 
and that the divisio deputy chairman should be 

led, under the divisional chairman, as the divi- 
sion’s chief executive officer. The Board is also in 
agreement with a suggestion that members of the 
Board who are in charge of functional departments, 
while retaining responsibility for their departments, 
should leave executive action to their chief officials. 





The Board approves of coal being marketed on a 
large scale by divisions, rather than on an area basis, 
but considers that the committee’s recommendation, 
as it stands, would conflict with the Board’s decentrali- 
sation a There is agreement also that in divisions 
which are both producers and consumers, the distri- 
bution of all coal should be in the hands of the divisional 


marketing director. In non-producing areas, distri- 
bution should be in the charge of one office for coal 
from all divisions. The committee desires that the 
position of colliery managers should be strengthened. 
The Board states that it fully recognises the importance 
of these officials and the responsibilities which they carry, 





Engineering employees in Admiralty shipbuilding 
establishments, including the Royal Dockyards, are to 
receive increases of 5s. weekly in their national bonus, 
as the result of an award by the Admiralty Shipbuilding 
Trades Joint Council, made after negotiations with the 
Government departments concerned. Men employed 
in the Royal Dockyards will get an extra 1s. weekly on 
their basic wage. The new rates for a 44-hour week will 
thus be 5/. 10s, in the Provinces, and 5/. 12s. 6d. in 
London, for mechanics ; and 4/. 15s. in the Provinces, 
and 51. in London, for labourers. In all, nearly 100,000 
employees will benefit from these increases, which will 
be retrospective to April 1. 





There were less than half-a-dozen dissentients to a 
resolution which promised full support for effective 
consultations to take place in each industry for the 
attainment of higher levels of production, and expressed 
** willingness to give immediate and sustained con- 
sideration” to means of dealing with the practical 
problems arising in individual industries. This resolu- 
tion was put forward at a conference of some 1,350 
members of the executive bodies of the 144 unions 
affiliated to the Trades Union Congress which had been 
called by the General Council to stimulate interest, in 
the Government’s production drive. It met in private 
in London, under the presidency of Mr. Will Lawther, 
chairman of the T.U.C. General Council. A statement 
issued subsequently said that Mr. Vincent Tewson, 

meral secretary of the T.U.C., in submitting the 

meral Council’s report, had emphasised the need for 
eliminating waste of all kinds and that more had to be 
produced at reduced cost with existing machinery and 
with no increase of man-power. The crux of the whole 
question was to make known on the workshop floor the 
facts which had convinced the General Council of the 


vital importance of production. 


Mr. Jack Tanner, President of the Amalgamated Engi- 
neering Union, moved the adoption of the resolution. 
Dealing with the subject of restrictive practices, he 
referred to demarcation disputes which sometimes arose 
when machinery was introduced and changed the 
character of a job in such a way that another union 
claimed that the job was brought within its sphere. 
These disputes were a source of great difficulty to the 

-union movement. He urged the serious con- 
sideration of all forms of restrictive practices and asked 
shop stewards to do all in their power to educate the 
rank and file on production problems, Mr. McDougall, 

amated Union of Foundry Workers, felt that the 
General Council’s report was based on the assumption 
that full employment would continue, but few employese 
believed that this would be so under present conditions. 


The replies of most area councils to the recommenda- 
tions of the Joint Committee on Coal Production, set 
up by the National Coal Board and the National Union 
of Mineworkers, had been received when the union’s 
executive committee met in London on November 17. 
While these replies showed a large measure of agreement 
with the Joint Committee’s recc dations, some of 
the area councils had objected to one or more of them. 
The recommendation which had been most frequently 
rejected was that for the setting up of joint attendance 
committees at each pit with powers to take disciplinary 
action against persistent absentees, including the levy- 
ing of fines. The objections were based not so much 
on any opposition to stricter discipline, or to the fining 
of offenders, but on the fact that the union officials 
were to be asked to share in imposing penalties on the 
men, which, it was felt, would adversely affect their 
relationships with the rank and file. 











A statement issued at the close of the meeting of 
the executive committee in London emphasised that 
nearly all areas had agreed in principle with the recom- 
mendations of the Joint Committee on Production, 
including those on man-power, the upgrading of men 
to the coal-face, and the employment of foreign miners. 
Objections, in the main, had been against the wat 
disciplinary measures to deal with absenteeism. y 
areas had contended that measures were already in 
force for this purpose. Therefore, the executive had 
decided to ask areas to submit reports.on local measures, 
now in operation or projected, to deal with the problem. 
When these are received, the executive will approach 
the National Coal Board for a further meeting of the 
Joint Committee on Production to consider the question 
anew. 








RECONSTRUCTION WORK ON THE 
FRENCH NATIONAL RAILWAYS.* 


Tue Société Nationale des Chemins de Fer Francais, 
usually abbreviated to S.N.C.F., is an amalgamation 
of the former Est, Nord, Paris-Lyon-Méditerranée and 
Paris-Orléans-Midi Railway Companies and the Etat 
and Alsace-Lorraine systems, brought about by a 
decree dated August 31, 1937. The Société is a limited- 
liability company in which 51 per cent. of the share 
capital is held by the State, the remainder being owned 
by the shareholders of the former railway companies. 
It is not, therefore, strictly speaking, a nationalised 
undertaking, although the State has a controlling voice 
in its management. In 1939, the S.N.C.F. owned 
approximately 26,500 route miles of line, of which 
approximately 2,100 miles were electrified, and the 
system was divided into five regions, namely, Eastern, 
Northern, Western, Southern and South Eastern. The 
total single-track mileage was 40,400, excluding 
approximately 15,000 miles of sidings and service lines. 
By adding all other lines operated in France to the 
26,500 miles worked by the company, the density of 
the railway system works out at approximately 18-8 
miles per 100 square miles, this being less than the 
corresponding figure for Belgium, Germany or Great 
Britain, but greater than that for Italy; and 9-57 
miles per 100,000 inhabitants, which is greater than 
the figure for any of the above-mentioned countries and 
also Denmark and Switzerland. Just before the war, 
the permanent way and works of the system were in 
good condition and were being modernised at a fairly 
rapid rate—electrification, automatic-block signalling 
and the installation of modern marshalling-yard 
equipment having been developed to a considerable 
extent. The excellent condition of the permanent 
way made high speeds possible, and the general speed 
limit of 75 m.p.h. had been increased to 81 m.p.h., 
and even to 87 m.p.h. for certain trains on certain lines. 

On main lines, the use of 93 1b. and 101 Ib. per-yard 
rails had been extended and their length increased. 
In addition, the track had been hened by 
increasing the number of sleepers so as to limit rail 
movement. Work had been undertaken on a large 
scale throughout the system to eliminate level cross- 
ings at busy points and to modernise buildings and 
passenger stations. Special efforts in this direction 
were made in the case of the harbour stations at Le 
Havre, Cherbourg, Boulogne and Calais, where visitors 
from overseas make their first contact with France, 
and, in October, 1936, a train-ferry service was intro- 
duced between Dunkirk and Dover. The efficiency of 
the signalling system had been enhanced by the intro- 
duction of the Yatest technical improvements, and the 
extension of the telephone-communication facilities. 
Traffic-control systems had been instituted over long 
stretches of line, and had involved the creation of cen- 
tral control points, the main purpose of which was to 
enable an overall picture of the traffic moving in a 
sector to be presented at any given moment, and to 
allow intervention should difficulties arise. 

The rolling stock was more than ample for the 
economic needs of 1939, but it was heterogeneous and, 
in many cases, old. There were, for example, no less 
than 220 different types of steam locomotives. The 
economic depression in the period from 1935 to 1939 
had appreciably slowed down the renewal rate. Thus, 
during this period, the only orders for new stock 
were for 97 steam locomotives, whereas the normal 
renewal requirements should have been 1,400; 856 
passenger coaches, against a required number of 2,500; 
and 8,750 goods vehicles, against actual requirements 
of 40,000. Nothing was however, to main- 
tain the rolling stock in a high state of efficiency, and 
important improvements were made to it. The stock 
of vehicles of the S.N.C.F., in 1939, is shown in Table I, 
on the opposite page. 

The building of special types of vehicles, such as 
rail-carrying wagons, insulated or refrigerator vans, 
was being extended, and, in addition, all new goods 
vehicles were fitted with continuous brakes, as were 
many of those already in service. With passenger 
coaches, in particular, every endeavour was made to 
reduce weight by the use of Duralumin, stainless steel 
and yp geen ng alloy steels. Bearings were improved 
and all vehicles built immediately before the war 
were of all-metal construction and arc welded. Imme- 





* Abridgement of documentary notes prepared under 
the direction of Mr. M. Flouret, chairman of the Board 
of Directors of the French National Railways Company 
(Société Nationale des Chemins de Fer Frangais) and 
issued by the Présidence du Conseil, Secrétariat Général 
du Gouvernement, Direction de la Documentation, 
14-16, Rue Lord-Byron, Paris (8e.), We are also 
indebted to French Railways Limited, 179, Piccadilly, 
London, W.1, for information contained in brochures 
entitled “‘L’Effort de Rénovation de la S.N.C.F.,” 
and for the loan of the photographs illustrating this 
article. 
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diately prior to the outbreak of hostilities, the staff 
employed by the company totalled 515,000. 

During the first phase of the war the company was 
able to handle without difficulty a much greater mili- 
tary and civil traffic than that of peace time. In fact, 
during the Battle of France, the railway system gave 
proof of great flexibility. For instance, after the 
encirclement of Dunkirk by the enemy, when the 
French Military Command was endeavouring to re-form 
a continuous front on the Somme and the Aisne, 
32 large bodies of troops, drawn from the Eastern 
Frontier or coming from North Africa, were conveyed 
in a few days to their new positions by 1,400 trains. 
These were run on lateral communication lines and 
frequent route alterations were made necessary by the 
action of the German Air Force. Moreover, during the 
greater part of the war, the S.N.C.F. was able to 
handle a passenger traffic almost as great as in peace 
time, and a goods traffic 20 per cent. greater than that 
of the corresponding pre-war period. From Septem- 
ber 1, 1939, to May 31, 1940, military and goods trains 
ran a total of 58,660 million ton-miles as compared with 
46,300 million ton-miles in the corresponding nine 
months of 1938-39. 


TABLE I.—Rolling Stock in 1939. 











Number 
Normally 
Class of Stock. Total. Available 
for 
Service. 
Steam locomotives .. 17,058 12,600 
Electric locomotives ow o< 772 600 
Electric train motor units .. oe 443 360 
Passenger coaches and vans 37,763 28,000 
Goods wagons “ys as 478,000 400,000 








The effort was continued during the years of occupa- 
tion under conditions known to all. Railwaymen 
then took an active and decisive part in the underground 
fight against the enemy, as is shown by the fact that 
4,000 of them were killed, 1,200 were wounded, and 
20,000 were deported. The permanent way, works 
and rolling stock sustained exceptionally widespread 
damage owing to the successive effects of military 
operations, particularly aerial bombing, the action of 
the underground army and, finally, the systematic 
destruction carried out by the retreating German armies. 
The damage experienced over the whole country 
greatly exceeded in extent that of 1918. At the time 
of the liberation, in September-October, 1944, the 
railway system was left in such a condition as to be 
unable to meet the most pressing requirements of the 
conduct of the war and the life of the country. A brief 
outline of the extent of the damage is given below. 
Traffic was possible on only isolated stretches of line, 
aggregating 11,125 miles, out of the pre-war total of 
26,500 miles. The tunnels destroyed or severely 
damaged numbered 70, and the bridges and viaducts 
2,603, the total length of the breaches exceeding 
62 miles. Fourteen thousand items of track apparatus, 
including signals and similar equipment, and 688 
signal boxes were destroyed. On electrified lines, 
620 miles of overhead contact wires were unusable and 
26 sub-stations were seriously damaged. Telephone 
lines aggregating 41,000 miles, 1,864 miles of main- 
line track, and 1,100 miles of sidings were destroyed. 
Of the 322 main passenger and goods stations 

by the company, 115 were seriously damaged, including 
24 of the 40 large marshalling yards and 62 of the 64 
transit yards. More than half of the 71 principal 
locomotive depots of the system were demolished. 
Similarly, out of 31 main repair workshops, 19 were 
destroyed or seriously damaged, as were also 15 large 
store depots. Finally, buildings occupying 1,074 acres 
required reconstruction. 

The rolling stock, in addition to the war damage it 
sustained, had been largely drawn upon by the occupy- 
ing forces and all that were left available for use in 
France were 3,000 steam locomotives, 500 electric 
locomotives, 300 electric train motor units, 6,200 
passenger vehicles, and 172,000 goods wagons. Stores 
had shrunk to an unprecedentedly low level; only 
22,000 metric tons of rails, 2,200,000 sleepers and 540 
items of track apparatus remained in stock, compared 
with a pre-war annual consumption of 200,000 metric 
tons of rails, 4,500,000 sleepers and 3,300 items of track 
apparatus. The total cost of the reconstruction work 
to be undertaken was estimated at the time to be 
about 200,000 million francs. As a result of this 
destruction, the Paris region was virtually cut off 
from the rest of the country, and as all the bridges 
over the Loire, from Nantes to Nevers, had been cut, 
the country was literally severed into two parts. 

Reconstruction was undertaken, step by step, as 
liberation proceeded, and the first objectives were to 
re-establish the continuity of the lines and to rehabili- 
tate the available rolling stock. In spite of the lack 
of materials and the burden of priority military traffic, 
the S.N.C.F. had restored to traffic by December 1, 
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trunk lines had been reinstated and temporary repais| RECONSTRUCTION WORK ON FRENCH RAILWAYS. 


out. Thanks to the efforts made, traffic was rapidly 
resumed and, in particular, coal supplies were assured 
to the Paris region during the winter of 1944-45. 
This work of restoration was all the more remarkable 
because hostilities had not ceased and the restrictions 
necessitated by warfare were added to those imposed 
by shortages on every hand. Not only had the per- 
manent way and bridges to be rebuilt, machinery and 
rolling stock to be repaired, but the needs of the armies 
marching towards the Rhine and the requirements of 
the civil population had to be met. As indicated, this 
was done at a time when many necessities were in 
short supply, including steel, coal, cement, fuel, oil, 
bolts, hutments for the accommodation of the workmen 
engaged on repair work, lorries, and telephone appa- 
ratus. In many districts, moreover, there was a 
shortage of qualified man-power. 

Owing, however, to the efficient manner in which 
the work was undertaken, a progressive expansion 
of services, at a gradually increasing rate, was achieved 
without many setbacks. By the end of 1946, the 
initial stages of reconstruction had been completed. 
The lengths of lines open to traffic had reached 25,300 
miles, including 2,175 miles of electrified lines. Of 
2,980 miles of track destroyed, more than 2,670 miles 
had been relaid. Of 2,603 bridges, viaducts, etc., 
destroyed or damaged, 2,460 had been repaired, 1,410 
of them permanently. Of 70 tunnels blocked, 59 had 
been cleared. 

Some examples of reconstruction work on destroyed 
bridges are given in Figs. 1 to 8, on pages 516, 525, and 
on this page. Figs. 1 and 2, page 516, show the 
Montlouis Bridge over the River Loire on the Paris- 
Bordeaux main line. In October, 1944, practically 
nothing was left of the original bridge, which was a 
masonry structure, consisting of 12 arch spans of a 
total length of 1,100 ft. between abutments. In a 
paper, entitled “The Reconstruction of the French 
National Railway Bridges,” presented on February 19, 
1948, before the British Section of the Société des 
Ingénieurs Civils de France, Mr. L. Carpentier stated 
that work on a temporary bridge at Montlouis was 
commenced on September 15, 1944, and completed on 
February 7, 1945. The bridge which enabled single- 
line traffic to be resumed is shown in Fig. 1. The 
temporary girders were supported on timber trestles 
resting on concrete blocks laid on top of the debris 
remaining from the old piers. Immediately after the 
completion of the temporary bridge, the rebuilding 
of the permanent bridge was taken in hand. This is 
a concrete structure, faced with ashlar, so as to give it 
the same external appearance as the destroyed bridge. 
It was completed in October, 1946, and is shown in 
Fig. 2. It embodies two additional arches, which 
were rendered necessary by the displacement of the 
channel of the Loire. 

Another piece of reconstruction work of interest is 
shown in Figs. 3 to 5, on pages 516 and 525. Fig. 3 
shows the Chaumont viaduct on the Paris-Belfort 
line as it was in October, 1944, four of its spans having 
been blown up on August 31, 1944. Three months 
after the liberation of France, namely, in December, 
1944, reconstruction work had advanced so far that 
single-line traffic was restored on a temporary track as 
shown in Fig. 4. Fig. 5, a view taken on November 6, 
1945, shows the completion of the reconstruction of 
one side of the bridge, the other side having been 
finished subsequently. Many bridges were extensively 
damaged but were not altogether destroyed, and two 
of these are shown in Figs. 6 and 7, on page 525, and in 
Fig. 8, on this page. Fig. 6 shows the Mulaticre 
Bridge over the River Sadne on the line between 
Roanne and Lyons via St. Etienne, as it was on 
September 14, 1944, and Fig. 7 is a view of the same 
bridge taken on February 26, 1947, after the repair 
work had been completed. Fig. 8 shows the Montereau 

Bridge, over the River Seine, on the Corbeil to Monter- 
eau line via Melun, after it had been damaged by 
enemy action in August, 1944. The rebuilt structure 
was again in service in December, 1945. 

By the end of 1946, 11,300 items of destroyed track 
apparatus, the whole of the block-signalling system 
equipment, 500 miles of fallen overhead contact wires, 
36,900 miles of destroyed telephone lines, and 608 
signal boxes out of the 688 destroyed or damaged 
had been repaired or replaced. Furthermore, 250 
stations out of the 960 more or less damaged had been 
repaired, together with three-quarters of the depots, 
workshops and buildings. The scene at Douai station, 
on the Paris-Lille line, towards the end of August, 
1944, is shown in Fig. 9, on this page, and a photograph 
taken near the same spot on October 2, 1945, is repro- 
duced in Fig. 10. 

The supply of current on all electrified lines was 
quickly restored, even before the rebuilding of the 
bridges, viaducts and other works had been completed. 
At the present time, the continuity of lines has been 





restored nearly everywhere. Of 2,603 bridges and 

















Fie. 8. Damace To MonTeREAU BRIDGE. 











Fig. 9. Destruction or Dovar Station. 








Fic. 10. Dovar Station AFTER RESTORATION. 
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70 tunnels destroyed or damaged at the time of the 
liberation, 2,551 of the former and 66 of the latter 
had been restored by January I, 1948. It should be 
noted, however, that on that date 623 of the war- 
damaged bridges had received only temporary repairs 
and were awaiting final restoration. The rolling-stock 
position has also much improved. In March, 1948, 
the 8.N.C.F. had available the rolling stock detailed 
in Table II. Finally, of the total area of railway 
buildings damaged or destroyed, which, as stated 
above amounted to 1,074 acres, 89 per cent. had been 
rebuilt, permanently or temporarily, by the end of 
1947, 


TABLE II.—Rolling Stock in March, 1948. 








Number 

Normally 

Class of Stock. Total. Available 

‘or 

| Service. 
Steam locomotives .. ‘. 10,989 9,361 
Electric locomotives oa 774 650 
Electric train motor unite .. 408 341 
Diesel locomotives .. ” 105 98 
Passenger coaches and vans 21,400 16,700 
Goods wagons ie ws 877,000 $11,400 








In March, 1948, the supply of locomotives, steam, 
Diesel and electric, was in good working order and 
numerically sufficient. This, however. was not the 
case with regard to railcars, the number of which 
amounted to 750 in 1938. They totalled only 541 in 
March last, and the average number in use did not 
exceed 385. The coach and wagon situation, although 
much improved, as stated above, nevertheless leaves 
much to be desired. In the first place, there is a shortage 
of both passenger coaches and goods wagons and the 
great reduction in numbers which has occurred since 
pre-war days is shown by the Table III. Certainly 


TABLE III.—Rolling Stock in 1938 and 1948. 











Average Number 
Total, Available for 
Class of Stock. Use. 
1938. 1948. 1938. 1948. 
Passe vehicles 
(coaches and vans) | 37,000 21,400 28,000 16,700 
wagons .| 475,000 | 377,000 | 400,000 | 311,400 

















great progress has been made. The shortage of 
covered wagons from which the company suffered soon 
after the liberation has been reduced by placing 
35,000 new ones in service, and its effects have been 
alleviated, to some extent, by the introduction of a 
system of ‘‘ accelerated transport’ and a quicker turn 
round which makes it possible for wagons to carry up 
to five loads a month. The situation, however, is less 
satisfactory as regards flat trucks, the stock of which is 
much lower than in 1938. As they are used for highly 
specialised traffic, such as iron and steel, pit props, 
timber, straw, motor-cars, etc., they cannot be turned 
round so quickly, a drawback which is aggravated 
by the shortage of mechanical-handling equipment. 
The position with régard to high-sided wagons is even 
worse and the scarcity is particularly serious owing 
to the fact that, since the war, mineral traffic has 
increased considerably and is handled under less 
favourable conditions than was formerly the case. 


menced at the end of 1946 and was to have been 
finished by 1950 had circumstances permitted. Insuffi- 
cient allocations of materials during 1946-47, following 
upon restrictions of credits, have delayed the date 
of completion. The line has been divided into three 
sections for the p of electrification, and it 
is anticipated that the Laroche-Dijon section will be 
completed in the autumn of 1949, the Paris-Laroche 
section in May-June, 1950, and the Dijon-Lyons 
section in the spring of 1952. Also to be electrified are 
the lines from Macon to Culoz, 73 miles in length, 
and from Lyons to Geneva, 106 miles long, branching 
off the main Paris-Marseilles line. The main Bor- 
deaux-Montauban line, 128 miles in length, and the 
Séte-Tarascon line, 65 miles long, are to be electrified, 
thus completirg the continuity of electric traction from 
Bordeaux to illes. The Séte-Nimes section was 
completed in November, 1947. Paris suburban systems 
scheduled for electrification include (a) the southern 
section of the outer circle (Grande Ceinture) railway 
from Versailles to Sucy, via Massy, Juvisy, Villeneuve 
and Valenton; electrified working on this line 
actually commenced in February, 1947. (b) The 
suburban lines of the South-Eastern Region included in 
the electrification of the Paris-Lyons line. (c) The 
suburban lines of the Northern ion. (d) Some 
suburban lines of the Western Region not yet elec- 
trified. Thus, by 1955, the electrified system is to be 
increased from the present 2,194 miles to 3,484 miles 
requiring 1,900 million kWh per annum but making 
possible an annual saving of 2,700,000 tons of coal. 

To meet the additional electric power required the 
8.N.C.F. planned a series of new hydro-electric stations 
which were intended to provide, within a short time, 
an annual increase in power of 400,000 kVA and 
an output of 880,000,000 kWh per annum. This 
programme, however, has been taken over by ‘“‘ Elec- 
tricité de France” as a result of the nationalisation of 
electric power production and distribution. Power for 
the railways is also to be made available from the 
power stations belonging to the Compagnie Nationale 
du Rhéne, one of which is the Génissiat station. The 
8.N.C.F., moreover, has studied closely the develop- 
ment of Diesel-electric locomotives, and a p’ e 
has been drawn up for the construction of Diesel 
locomotives for service on certain lines which will 
not be electrified during the next 20 years, but the 
execution of this programme has been suspended for 
the present owing to lack of credits. The provision 
of powerful and economical Diesel shunting engines, 
however, is being continued. Finally, with a view to 
meeting the requirements of rapid and flexible “ con- 
necting services ” and to deal with traffic on secondary 
lines, the company has decided to adopt three types 
of railcars, one of 500 to 600 h.p. and suitable for 
hauling several trailer coaches on lines having a 
relatively dense traffic; the other types are a 300-h.p. 
unit for secondary lines; and a third more modest 
type of 80 to 200 h.p.; is reserved for lines with only 
light traffic. 

For the permanent-way and signalling departments, 
the intention, in the first place, is to take advan of 
the necessary permanent-way renewal to improve the 
principal] main lines and equip 5,863 miles of track with 
rails weigling 50 kg. per m. (101 lb. per yard), and 
8,967 miles with rails weighing 46 kg. per m. (93 lb. 
per yard). The former track will then be able to carry 
loads of 23 metric tons per axle against 17 to 20 tons 
as at present, at 8 s of over 87 m.p.h., while the 
latter will be able to carry axle loads of 20 tons without 
risk. Finally, during the next few years, the length 
of line fitted with automatic block and colour-light 

ignalling will be almost doubled, increasing from 


Whereas, in 1938, the greater partof coal imports | "8" 


came from England, entered France through a small 
number of ports and was distributed mainly by barge 
and coasting steamer, American coal now comes in 
through many French ports, and alone requires an 
average of 15,000 twenty-ton high-sided wagons. The 
transport of coal supplied by Poland requires, in addi- 
tion, 2,000 to 2,500 ten-ton wagons. Further, 7,000 
wagons have had to be placed at the disposal of the 
French zone of occupied Germany. Without multi- 
plying examples of this kind, there are from 35,000 
to 40,000 wagons now being used for traffic not pre- 
viously handled. The shortage of rolling stock is 
further aggravated, in so far as goods vehicles are 
concerned, by the worn condition of a large percentage 
of them. 

The restoration of the destroyed or damaged per- 
manent way, works and buildings is only part of a 
ten-year plan of reorganisation and modernisation of 
the railways; far-reaching reforms affecting the whole 
railway ge in both the commercial and opera- 
tional fields are envisaged. In the first place, the 
8.N.C.F. is committed to a policy of electrification 
and the following lines, or sections of line are scheduled 
for electrification during the next ten years. The 
first is the Paris-Marseilles line, 536 miles in | . 
work on which is to be carried out in two stages. Work 
on the first stage, Paris-Lgons (318 miles), was com- 





1,740 to 3,295 miles. 





ASLIB NEWCASTLE-UPON-TYNE CONFERENCE.—AD aill- 
day conference on the general theme of the value of an 
organised information service to industry, commerce and 
education, and how such a service may be provided and 
used to the best advantage, is being organised by the 
Northern Branch of the Association of Special Libraries 
and Information Bureaux. The conference will take 
place in the lecture theatre of the North of England 
Institute of Mining and Mechanical Engineers, Neville 
Hall, Westgate-road, Newcastle-upon-Tyne, on Tuesday, 
December 7, commencing at 10 a.m. The conference will 
be opened by the Lord Mayor of Newcastle, and the 
chair will be taken by Mr. R. Trevor Jenkins, B.Sc., 
A.M.1L.C.E. Papers will be presented by Dr. V. E. 
Parke, M.A., Mr. E. Austin Hinton, B.A., F.L.A., Mr. 
R. O. MacKenna, M.A., A.L.A., Mr. T. 8. Nicol, Miss J. 
Scurfield, A.L.A., and Miss E. M. R. Ditmas, M.A. The 
conference is open to non-members and the attendance 
tickets are 5s. each. The organising secretary of the 
function, to whom all correspondence should be addressed, 
is Mr. M. G. Cahill-Byrne, B.A., Messrs. Vickers-Arm- 
strongs Limited, Central Technical Library and Technical 
Information Bureau, Elswick Works, Newvastle-upon- 





Tyne, 4. 


ANNUALS AND REFERENCE BOOKS. 


British Empire Trades Index, 1947-48.—The purpose 
of the British Empire Trades Index, the 17th edition of 
which is now ready, is to facilitate the interchange of 
commerce between the various countries of the British 
Empire, and buyers and sellers in other countries who 
desire to trade with the British Commonwealth of 
Nations. The book is divided into five main sections, 
the first of which is a classified-trades list of manufac- 
turers, producers and distributors in the British Isles, 
followed by those in the Dominions overseas, the aim 
being to indicate the resources of the British Empire 
in any particular line of goods. The postal and cable 
addresses and telephone numbers of each firm are 
given. The second section is an alphabetical index 
of the names of all the firms appearing under the trade 
heading of the first section. The third section is a 
register of trade marks and brands, and section four, 
an alphabetical list of overseas cable addresses. In the 
fifth and last main section are set out particulars of 
a number of firms in countries constituting the United 
Nations. The book contains over 1,070 pages, and 
bound in cardboard covers, the price is 30s. net. The 
= are Business Dictionaries Limited, 133-137, 

‘etter-lane, London, E.C.4. 

Fire Protection and Accident Prevention Year Book, 
1948-49.—The publishers of the present, ninth, edition 
of this Year Book submit it as an interim work of 
reference on the newly-organised county and county 
borough fire brigades in the United Kingdom. In 
addition to being a directory of the fire service in the 
United Kingdom and of Government departments and 
associations, institutions and societies concerned with 
fire fighting or fire protection, or with industrial accident 
prevention, the Year Book contains much miscellaneous 
information on legislation affecting fire brigades and on 
safety requirements in various industries and in places 
of public entertainment. A final section, entitled 
‘Fire Engineering and Technology,” is devoted to 
hydraulics, water and miscellaneous data, and includes 
a glossary of technical terms. The book is edited by 
Mr. Basil H. Tripp and is published by Messrs. Benn 
Brothers, Limited, proprietors of the Fire Protection and 
Accident Prevention Review, Bouverie House, 154, 
Fleet-street, London, E.C.4. The price, including 
postage, is 10s. 6d. 

Bulletin de VAssociation Technique Maritime et 
Aéronautique—The appearance of this volume— 
No. 46, for the 1947 session—of a series which has 

resented, since its inception, an informative review 
of the progress of naval architecture in France, is 
welcome evidence of a return to “normalcy” in 
French technical publishing. As usual, the papers 
here printed cover a wide field. Mr. J. Dieudonné 
discusses the choice of dimensions in the design of 
torpedo-boats, and, in another contribution, records 
data obtained at sea with propellers in cavitating 
conditions. Mr. J. Lefol presents a paper on the 
interactions of a ship’s hull and propellers; and 
Professor R. Brard and Mr. J. Bleuzen survey the pre- 
sent state of experiment-tank research on the turning 
of ships. Among papers dealing with materials, there 
is one by Mr. V. Tesar, of the Skoda Works, entitled 
“‘ Experimental Research on the Fatigue of Keys in 
Keyways of Shafts with Hubs.” Turbine-blading de- 
sign is the subject of a paper by Mr. U. Balestra, and 
the application of the gas turbine to ship propulsion is 
reviewed by Mr. R. Waeselynck, who also contributes a 
paper on “ The Optimum Heat Exchange.” Improve- 
ments in ships’ paints, the use of American mineral 
“smo in launching, the calculation of welded flanges 
or superheated-steam pipes, the stressing of flying-boat 
hulls, and ship-borne aircraft, are other topics in a 
long list. The Bulletin is published at the price of 
2,500 French francs (plus postage) and is obtainable 
from the Association at 1, Boulevard Haussmann, 
Paris, [Xe, or from Messrs. Firmin-Didot et Cie., 
56, Rue Jacob, Paris. 

American Electricians’ Handbook: A Reference Book 
for Practical Electrical Workers.—The nature of this 
book is indicated by the second part of its title. It 
may be described as compiled for the benefit of elec- 
tricians, not electrical engineers, which must not be 
taken to indicate that the latter class would not find 
it of value for reference on detail matters. Primarily, 
however, in the words of the preface to the first edition, 
it is intended for “ wiremen, contractors, linemen, 
small plant superintendents, operators and construc- 
tion engineers.” Some of these terms may carry rather 
different meanings in this country from what they do in 
America, but the general class of reader to which it is 
addressed is clear. It deals with its subject under 
such headings as Properties and Splicing of Conductors, 
Transformers, Interior Wiring, Outside Distribution, 
etc. The method followed may be illustrated by 
reference to the section on transformers; after a very 
brief theoretical introduction, the main types are illus- 
trated and described, questions of loading, and tem- 





perature rise then being dealt with, followed by informs - 
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tion on installation and maintenance. In this latest 
edition, the sixth, a new section dealing with Electron 
Tubes and Circuits has been added. This is a subject 
with which most working electricians probably have 
little acquaintance, but it is becoming of increasing 
importance in many branches of industry and a wider 
working knowledge of the operation and application of 
electronic devices is desirable. The book, which, 
including the aoe, contains 1,773 pages, is profusely 
illustrated by , sketches and reproductions of | ¢ 
shattanain The price, in this country, is 36s., which 
a foreman electrician might consider was more than 
he would be justified in spending, but the field covered 
is so extensive that it might be necessary to buy half 
a dozen more specialised books to obtain the same 
information. It is necessary to remember, however, | 4 
that this is an American book, its recommendations 
and instructions being in accordance with the National 
Electrical Code. In by far the majority of cases the 
counsel given would be acceptable in British practice, 
but there are exceptions. For instance, in reference to 
electric space heating, little used in the United States, 
it is stated that electric fires “‘ are primarily useful for 
warming one’s body in the bathroom.” This remark 
is made in connection with electric bowl fires. If one 
thing more than another has been accentuated in 
connection with electric heating in Great Britain it is 
that open electric fires should not be used in bath- 
rooms. The book is published in this country by the 
McGraw-Hill Publi Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. 





CATALOGUES. 


Guillotine Shearing Machines.—Messrs. F. J. Edwards, 
Limited, 359-361, Euston-road, London, N.W.1, have 
published a catalogue of their ‘‘ Besco”’ guillotine 
shearing machines. Machines operated by hand, 
treadle and power, for plates up to } in. thick are dealt 
with. 


Adjustable Steady Bushes and Collets.—A leafiet issued 
by Messrs. Protolite, Limited, Central House, Upper 
Woburn-place, London, W.C.1, gives brief particulars of 
some steady bushes and collets, split for adjustment, and 
provided with ‘“‘ Prolite’? cemented tungsten-carbide 
inserts. 


Cloakroom Equipment.—Illustrated particulars of their 
‘“‘Hy-Gard-All ” clothes-storage hanger are given in a 
leaflet issued by Messrs. James Sieber Equipment Com- 
pany, Limited, Africa House, Kingsway, London, W.C.2. 
The equipment consists of numbered separate steel 
hangers, suspended from steel frames so as to allow the 
free passage of air around and through each garment. 


Draughting Machines and Tables.—Messrs. Dargue 
Brothers, Limited, Simplon Works, South-street, Halifax, 
manufacture a wide range of “Simplon” universal 
draughting machines and tables, which are described in 
an illustrated leaflet published by the firm. Various 
combinations include straightedge and parallelogram- 
linkage machines for use on a bench, an adjustable iron 
stand, a trestle, or a parallelogram-linkage stand. 


Electrostatic Precipitation for Removing Tar.—Messrs. 
Simon-Carves, Limited, Cheadle Heath, Stockport, have 
issued a booklet describing their ‘‘ electro-detarrers,” 
which incorporate Simon-Carves-Ferranti shockproof 
static high-tension metal rectifiers. The firm have 
supplied 137 electro-detarrers for the removal of tar 
“tog ”’ by electrostatic precipitation from gas produced 
in various gasworks, coke-oven batteries, etc. 


Electric Unit Heaters.—A booklet describing their 
electric unit heaters has been issued by Messrs. Carter 
and Company (Nelson), Limited, William-street, Nelson, 
Lancashire. The heaters are made with electrical capa- 
cities of 24, 5 and 10 kW, and are arranged for mounting 
on walls or floors. They are equipped with electrically- 
driven fans, and special attention has been given to noise- 
less operation. Thermostatic or manual control is pro- 
vided. 


Fabricated Steelwork.—The Widnes Foundry and Engin- 
eering Company, Limited, Lugsdale-road, Widnes, 
Lancashire, have published a booklet which depicts 
numerous examples of welded and riveted steelwork 
carried out by them. Tanks, drums, adsorbers, furnace 
equipment, stills, coolers, machine bases and frames, 
girders, etc., are constructed by the firm, who are equipped 
with bending rolls, edge-planing machines and other 
equipment capable of dealing with exceptionally large 
plates. 


Expanding Reamers and Keyway Cutters.—Two leaflets 
received from Messrs. B. Elliott and Company, Limited, 
Victoria Works, Willesden, London, N.W.10, give 
particulars of a range of “ Remax” expanding hand 
reamers and the “ Excel” keyway-cutting set. The 
reamers, with blades of high-speed steel, are made in 
17 sizes for holes from } in. to 14 in. in diameter, and 
the keyway-cutting sets are available with four sizes of 
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ELECTRICAL APPARATUS. 


602,195. Testing the Size Content of Paper. Kelvin 
Bottomley and Baird, Limited, of Glasgow, and A. V. 
Wright, of Glasgow. (1 Fig.) October 12, 1945.— 
This invention is an instrument for use in the control 
of paper making, to test the size content of any particular 
grade of paper. The instrument consists of a holder 1 
having a ao surface consisting of a slab 2 of sintered 
denotes a flat plate of zinc and 4 a sheet of 
paper “a size content of which is to be determined. A 
sensitive electrical measuring instrument is indicated at 
5, the instrument being in electrical connection with the 
slab 2 and the plate 3 by wires 6 and 7, respectively. In 
use, the sheet 4 of paper is laid on the plate 3, and the 
slab 2 is wetted either externally or by putting water in 
the holder and allowing the water to percolate through the 











sintered metal. The slab 2 is then laid on top of the paper 
4 resting on the plate 3, the time being noted. The slab, 
the plate and the paper now damped from the wet slab 
form a galvanic cell, and the poin'er of the electrical 
measuring instrument 5 begins to move over the scale as 
the current from the cell increases in value with increasing 
dampness of the paper. At the instant of contact of 
the first electrode and the paper, a stop watch or other 
time recorder is started and the time taken for the elec- 
trical instrument to show a predetermined reading is 
noted. The time taken for the electrical instrument to 
show a predetermined reading is a measure of the size 
content of the paper, as the internal resistance of the 
cell falls as permeation takes place. (Sealed.) 


MOTOR VEHICLES. 

601,562. Multi-Speed Gearbox. The Birmingham 
Small Arms Company, Limited, of Birmingham, and V. E. 
Needham, of Birmingham. (5 Figs.) November 29, 
1945.—The invention is an improved multi-speed gear- 
box, particularly for use with motor cycles. The gear- 
box consists of a driving shaft 1 which is arranged to be 
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clutched, through any 


(not shown) of an internal-combustion engine. Keyed 


13, 15, 17, 19 journalled for free rotation on a lay-shaft 21 


driving shaft 1. 


suitable clutch arrangement 
indicated generally at 3, directly to the crankshaft 


on the main shaft are four pinions 5, 7, 9, 11, of different 
sizes, which are arranged to co-operate with pinions 


forming the driven shaft and extending parallel to the 
Situated between adjacent pairs of 
pinions on the lay-shaft 21 is a clutch member 23, which 
has, extending from each side face, six dog teeth 25. The 


and are each provided with a central peripheral groove 27 
for engagement by the end of a striking fork 29, the 
opposite ends of which are received in cam grooves in a 
cam plate 31 arranged to be rotated by connections from 
a foot-operated lever (not shown). If the teeth on one 
side of a clutch member 23 are caused to engage holes 
in the face of the adjacent pinion (which is driven by the 
co-operating pinion on the main shaft) the lay-shaft will 
be rotated. For this purpose, each pinion on the lay- 
shaft 21 is provided with a series of countersunk arcuate 
recesses facing the adjacent teeth 25 on the apprepriate 
clutch member. The recesses are arranged concentrically 
around the side face of the pinion and, at each end, are 
provided with holes 35 which extend completely through 
the pinion. The holes 35 are of the same diameter as 
the dog teeth 25 to avoid chatter and backlash, and 
provide two series of holes for alternative engagement 
with the teeth. During operation and upon movement 
of a striking fork 29 in the appropriate direction, the 
clutch member associated with it will be urged axially 
to move its teeth 25 towards engagement with holes 
35 in the adjacent pinion. When the clutch member 
moves axially along the lay-shaft 21 the teeth on it will 
pass into the recesses, gradually moving towards the 
holes. The teeth will strike that edge of the recess 
approaching nearer thereto during relative movement, 
and will cause both members to be rotated at equal 
speeds, so that complete driving engagement will be 
facilitated upon continued movement. (Sealed.) 


MISCELLANEOUS. 
601,850. Production of Ribbon-Type Flames. The 
British Oxygen Company, Limited, of London, R. C. 
Godfrey, of Cheshunt, Hertfordshire, and A. C. Livesey, 
of Enfield, Middlesex. (6 Figs.) October 8, 1945.—The 
invention relates to the production of a “‘ ribbon-type ” 
flame, that is, a continuous wide and thin flame produced 
by igniting a stream of gaseous fluid, as used for de- 
scaling, surface hardening and pressure butt welding. 
The drawing shows, partly in section, an annular burner 
producing a ribbon-type flame directed inwards towards 
a central axis. The annular burner consists of a male 
ring 10 and a female ring 11 having complementary 
screw threads by which they are screwed together. 
The male ring 10 has an external frusto-conical surface 
portion 12, which co-operates with an internal frusto- 
conical surface portion 13 of the female ring 11 and each 
of the frusto-conical surfaces 12 and 13 has formed in it 
a pair of annular grooves which, when the rings 10 and 
11 are mated together, form two annular passages 
14 and 15 constituting the primary and secondary distri- 
~~ 























(601850) 
bution chambers respectively. The male ring 10 is 
furnished with a shoulder 16, which serves as an abut- 
ment limiting the extent to which the rings 10 and 11 
can be screwed together so as to leave a narrow gap 17 
between the conical surfaces 12 and 13. The gap 17 
forms an elongated slit-shaped passage connecting the 
primary distribution chamber 14 with the secondary 
distribution chamber 15, and in operation forces the 
gaseous stream to form a wide and thin intermediate jet. 
The terminal portions of the conical surfaces 12 and 13 
form, when rings 10 and 11 are screwed together, a slit- 
sbaped discharge orifice 19, which, in operation, serves to 
deliver the ribbon-type terminal jet. In accordance with 
an essential feature of the invention, the width of gap 17 
is less than that of the discharge orifice 19, so that the 
gaseous stream has a higher velocity in passing from the 
primary distribution chamber 14 to the secondary distri- 
bution chamber 15 than it has when passing through the 
discharge gap 19. By this means the tendency to back- 
firing is markedly reduced. The gaseous stream is sup- 
plied to the primary distribution chamber 14 through two 
inlets 20 leading from a header 21 connected to a source 
of the gaseous stream by means of a coupling device 22. 








broaches, $, #,, } and 4 in. in width, and nine bushes. 


two clutch members 23 are splined to the lay-shaft 21 


(Sealed. ) 
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DEVELOPMENTS IN THE 
CORRECTION OF MAGNETIC 
COMPASSES. 

By G. N. Harvey, O.B.E., Ph.D., B.Sc. (Eng.), 
A.M.LE.E. 

(Concluded from page 507.) 

THE principal parts of the electromagnetic 
corrector for six points are: the cam; followers; 
six main potentiometers ; ; six adjusters ; and coils. 
In this case the cam is shaped so that it imparts 
to No. 1 follower a movement win;2(f). There 


are six followers set at 60 deg. intervals, the rth of 
which receives a movement : 


winte (: inna): 
For the six main potentiometers, the — output 
of the rth of these is & win+s (¢-; =) where 
The pad voltage 





k is @ convenient constant. 





and aircraft are aligned on accurate magnetic 
headings, and the deviation is removed by making 
the compass indicate this same heading under the 
lubber’s line. (3) In each setting operation, the 
deviation is removed by turning a knob until the 
compass reads correctly. (4) Since the operation 
of setting the Point-by-Point corrector consists of 
removing the deviation, the accuracy of the setting 
may be taken as equal to the accuracy of the reading 
of the reciprocal bearing by which the deviation is 
assessed. This should be of the order of, say, one 
quarter of a degree. (5) When the eight settings 
have been made, the deviation on any course will 
be corrected automatically by the machine to an 
accuracy of 4 deg., provided the deviating force can 
be expressed by the formula : 

deviating force = A + C cos {+ Bsin {+E cos 2f 

+ Dsin 2f + Gos 3f + Fsin 3f + K cos 4f, 

where A, B,C, etc., are constants in terms of oersteds 
directed towards Magnetic East. As has been 
shown already, this'force can usuallyjbe expressed 
by the first five terms of thisformula. It can always 
be expressed by the full eight terms. 











and vertical components of the earth’s field at the 
place of adjustment, the error which develops on 
moving to H;, Z;, is due to the lack of balance 
between the old corrective forces and the new deviat- 
ing forces. Thus the following force coefficients 
will appear : 


d—b 
= (H,—H;,) (>) ; 


Cp = f(Zy—Zg); 


d+b 
=H, -Hy (S). 


This shows that unless c, f, (a — e), (d — 6), and 
(d + 6) are all small, it will be unsatisfactory to 
use the Point-by-Point corrector for world-wide 
sailing. In ocean-going ships, (d+), (d — 5), 
and f are usually negligibly small, but (a — e) and c 
are not negligible, and it is clear that it is undesir- 
able to accept the danger due to the unpredictable 
values of the changes in the coefficients, ie., B 
C,, and D,. 


Bp = c(Z,— 


a-e 
~ on-uy (854); 


p* 


In locally-based ships, however, 














Fig. 8. 


Pornt-By-Potnt CORRECTOR. 


from the six twin-gang adjusters may be written : 


2rr cal in+1 
inea’’ evcesces! n ° 


The coils are located as described in Case 2, page 
507, ante. The six adjusters feed the six coils, so 
that the corrective field of the coil is 

2ar 
p mr Wen+e2 (: - z25). 
where p is a constant (oersteds of field per volt across 
the coil). 
so that u,+d,=0, u,+d,=0, u,+d,=90, 
and so on; these adjustments being made on 
headings { = 0, 60, 120 deg., etc., by the removal 
of all the deviation in the particular heading. 
Obviously, this may be done in any order. 

Although the correctors so far described are both 
electromagnetic, Point-by-Point correctors may be 
devised which work magnetically, or even mechanic- 
ally. In the magnetic type, the movement of the 
magnet system contributes the W-function form, 
and the adjustment of its magnetic moment contri- 
butes the requisite strength of the corrective field. 

The foregoing description shows that the use of 
the Point-by-Point corrector for eight headings has 
the following characteristics. (1) The appropriate 
control is set on the following magnetic headings : 
N, NE, E, SE, 8, SW, W and NW, in any order. 
(2) If the ship is steered by a repeater driven from 
the compass which is being corrected, then, as the 
deviation is removed, she wili alter course, so as to 
steer the correct magnetic course when the deviation 
is being fi nally eliminated on that heading. Vehicles 


Mr Wan42 (: - 


The value of m, is adjusted in each case | 0 

















Fic. 9. TuRnTABLE REPRESENTING SHIP. 


The advantages of the Point-by-Point corrector 
are: no knowledge of compass theory, or even 
elementary analysis, is required to set the instru- 
ment; once set, the correction of the compass, 
while in the same locality, will be within half a 
degree all round; the eight settings may be made 
in any order ; if one setting is demonstrably wrong, 
it may be corrected independently of the others, 
since no one setting interferes with any other; for 
local use, the Point-by-Point corrector may be 
ted in conjunction with a variation. corrector, 
which deflects the compass magnetically through the 
angle of variation ; and when operating with a varia- 
tion corrector, all the repeaters and the master 
compass would be reading true North, so that it is 
immediately obvious if any repeater is out of step. 

The use of the Point-by-Point corrector is limited 
by the fact that the corrective-force coefficients 
of the device are constants, whereas the actual 
deviating-force coefficients are dependent on the 
values of H and V in different parts of the world, as 
has been shown in the early part of this article. 
Thus, this method of correction produces a corrective 
field which makes : 


se = - 8, (>): Be= -P-¢e%; 
Ce= -Q-f%; 


a-e 
Bats. ; 
ies b 


where A,, B,, etc., are the corrective coefficients, 
which are constants. If H, and Z, are the horizontal 








although c, f, (a — e), (d + 6) and (d — b) may have 
appreciable values, and providing the ship be entirely 
restricted in her voyages to a small geographical area, 
the use of the Point-by-Point corrector would be 
reasonable. In order to use it, three requirements 
would have to be satisfied: (1) the compass would 
have to be of the transmitting magnetic type. (2) A 
preliminary adjustment of the fore-and-aft and 
athwartship magnets would have to be made, so as to 
reduce coefficients B and C to about 5 deg., or less. 
This serves the double purpose of reducing the devia- 
tions to within the scope of the instrument, and of 
reducing the variations of the directive force to 
reasonable proportions, since the Point-by-Point 
correctors have little effect upon it. (3) A pre- 
liminary adjustment of the heeling-error magnets 
would have to be made, to correct heeling error for 
that particular area. Since the vertical magnetism 
of a ship’s hull is by far the most stable, there is 
little doubt that, if working reasonably near her 
place of building, one such adjustment would 
suffice, providing her magnetic condition had settled 
down, and had not subsequently been disturbed by 
degaussing. 

To prepare for a failure of the electrical supply, 
it would be necessary to obtain a deviation card 
by swinging the ship with the electromagnetic Point- 
by-Point corrector disconnected.. To allow for the 
same failure when using a magnetic Point-by-Point 
corrector, it is necessary to provide a hand-operated 
drive, so as to set the corrector according to the 
course being steered. 

In aircraft, c, f, (d + 6) and (d — b) are all negli- 
































530 ENGINEERING. ___DEc. 3, 1948. ; 
7 CORRECTION OF MAGNETIC COMPASSES. 
Fig. 10. Fig. 11. Resul aati ee Fig. 12. Direct Force Alone 
Resultant patina Force due to budhwed Red Pole ‘ 
Beducod Pols -A due to HE. \ A 
Force due to, 4 ‘ of Ftinders Bar x [Corr ector Magnets \ t - 
Induced Pole \! 7 / [}-Induced Red Pole a ie od he see A 
of Flinders Bar / — to Bucket Magnets * rs A — ‘ / J a 
' / 4 Fs “fh 7" 4 i / / ya a 
/ F sh ma oe / J A, nel gates, 
Red X HE. M Poa NET eT 7 
agnets~ Re e-----— 
HE. Magnets 7 pat Blue - 
os now so as 
y ee 7 to be Suitable for Zero 
(9403..) vA Length of Flinders Bar 


gibly small, so of the error force coefficients, the 
remaining one is : 


Dp = (H, — Hj) Cs ‘). 


This gives, to a first approximation, an error 
D sin 2 ¢ (with D in degrees), where 


H, — H, a@-e 
<a eds 


The D already corrected is 7—° x 57, 80 that 


the error of the Point-by-Point corrector in an 
aircraft would probably be restricted to the appear- 
ance of a coefficient : 











D = (D before correction) x =2— "3. 
Hy, 

The D before correction in an aircraft seldom 
reaches 4 deg., and is generally of the order of 
2 deg., so that, even if the aircraft were to fly to 
Singapore, where H, is roughly double H, (in 
England), the resulting error would be unlikely to 
exceed, 


——h . 8-2 





x 2 = 1 deg. 
2 


Alternatively, if set in Singapore and flown to 
England, H, now becomes }$H,,s0 cae becomee 


2 

i =-1, and the erroneous D would equal 
the corrected D reversed. Viewed in this way, it 
is seen that for the whole Continents of Europe 
and Africa, and for the Atlantic Ocean, the errors 
of the Point-by-Point corrector would be negligible 
if set in any part of this area. In fact, it would 
be hardly necessary to reset the compass on arrival 
in a new Continent. 

An obvious application for the Point-by-Point 
corrector is in armoured fighting vehicles, where 
none of its disadvantages matter, and all its advan- 
tages count, particularly its ease of setting and the 
absence of expert training ired for its use. 

A preliminary model of the electromagnetic Point- 
by-Point corrector has been constructed. Fig. 8, 
on page 529, shows the corrector, and Fig. 9, on the 
same page, the turntable representing the ship. On 
the turntable in Fig. 9 will be seen a small magnet on 
the top of a wooden cylinder (on the right-hand side 
of the illustration), and a bunch of Mumetal rods 
(inclined on the left-hand side). These are the 
source of the deviations which are corrected by the 
four correcting coils fixed to the rotating turntable, 
i.e., to the binnacle. On the top of the corrector 
(Fig. 8) will be seen nine knobs. The outer eight 
are the setting knobs for the eight headings N, NE, 
E, SE, etc. The centre knob is not operated, but is 
provided for the correction of variation by coil (this 
has now been discontinued). 

Tests with the electro-magnetic model show that 
with a constant voltage supply the residual errors, 
when correcting deviations of the order of 10 deg., 
never exceed 0-4 deg., and generally are of the 
order of 0 deg. to 0-1 deg. A carbon-pile voltage 
regulator is fitted, and with this in use, when the 
voltage is varied from about 22 to 28, the residual 
error is still only about 4 deg. 

Calculation indicates that it is quite practicable 
to develop a magnetic type of Point-by-Point 
corrector which will operate even more accurately 

















fa Teme — 


than the electromagnetic type. This instrument, 
however, will have to be designed to fit its own 
particular compass, since its operation depends 
upon the relative attitudes of eight short magnets 
the magnetic moments of which can be set indepen- 
dently of their angular rotations. The setting of the 
magnetic type will be by exactly the same routine 
as for the electromagnetic type, and the suitability 
of the apparatus for various duties will also be the 
same. 

Since the Point-by-Point corrector takes no cogni- 
zance of the directive force, but accurately com- 
pensates the deviating force, there is no point in 
applying normal deviation theory to the problem : 
the compass may be regarded as a tangent magneto- 
meter, which reads zero when the corrective force 
at right angles to magnetic north exactly compen- 
sates the deviating force. Considered in this way, it 
will be seen that the eight settings are real measures 
of the actual deviating forces at the time they are 
made. Thus, although the operator does not know 
how much he has turned the knob to cure the 
deviation, the machine does, and uses that know- 
ledge with the other seven settings to predict the 
Tequired corrective force on any other heading. 
Thus, it is fortunate that, provided the directive 
force is not greatly altered, its value is of little 
importance. Furthermore, care has been taken to 
ensure that if a particular rotating magnet gives an 
easterly field at the moment of its adjustment, then 
throughout its subsequent angular rotation in the 
binnacle, and the rotation of the binnacle round 
the compass, its field always has a northerly com- 
ponent. This northerly component never exceeds 
its easterly field at the moment of adjustment. 
Similarly, any given rotating magnet which has a 
westerly field at the moment of adjustment, always 
has a southerly component throughout its cycle of 


operations. Thus, only the. constant part, A,, of | 


the deviating force being corrected is apparent as a 
reduction or increase in the directive force. 


The second new compass-correction device is the 
Harvey-Raynes corrector, developed at the Admir- 
alty Compass Observatory by the author, from a 
scheme suggested by Commander J. 8. Raynes, R.N. 
For a clear understanding of this device, it is desir- 
able to outline the fundamental theory of heeling- 
error correction. 

Reverting to the fundamental equations for the 
total force at the compass position, we have : 

X= X+aX+OY +eZ+P . (15) 
Y=xu=VY+dX+eY+/Z+Q =. (16) 
ZW=-Z+r+@~@X+hYt+kZ+R . (17) 


We now note that, provided it is parallel to the 
earth’s field, the total field at the compass is just 
as suitable to steer by as the earth’s field itself. 
Writing down the conditions for these two to be 
parallel, we have: X’=AX; Y’=AY; and 
Z =AZ. Thus, if b, d, c, g, f and Ah can all be 
made negligible, by using a Flinders bar, and by 
locating the compass carefully, it is easy to see that 
the conditions stated imply :— 

xX’ = (1 +a)X =AX 
Y=$(l+e)Y =AY 
Z=(ltkZ=AZ 


Thus, to correct the compass when the hull is level, 
we require 1+a=—1+e, ie. a—e=0. This 
is achieved by the spheres, which increase the one 
and decrease the other simultaneously, until 
“* corrected a” = “‘ corrected e” = é,. 

To appreciate the action of heeling-error correc- 
tors, it is necessary to remember that, although the 
ship may pitch or roll, the actual compass and 
compass bowl move in the gimbals so as to remain 
horizontal. Thus, if the movement of the magnetic 
material of the ship does not deflect the total field 
at the compass, no deviation will appear, and this 
will be true for any attitude of the hull. So in 
order to correct the compass when the Z axis is 
sloping, and hence Z’ has a horizontal component, 
it becomes important that: Z’ = AZ = (1 + k)Z, 
where A = (1 + €3); ¢€, being the common value to 
which the parameters a and e¢ have been changed 
by the fitting of the spheres. In other words, the 
parameter k must be made equal to e,. Unfor- 
tunately, & is usually positive at normal compass 
positions, whereas ¢, is negative. No successful 
soft-iron corrector has, as yet, been evolved to 
perform this duty, and it becomes necessary to 
adopt an approximate method of correction, instead 
of using this theoretically accurate way of correcting 
heeling error. 

For the correction of the permanent magnetic 
field at the compass position, it is necessary to 
employ permanent magnets set thus: fore-and-aft, 
to correct the force P; athwartship to correct the 
force Q; and at right-angles to the deck to correct 
the force R. (See Fig. 1, page 505, ante.) Let the 
magnetic field at the compass position due to the R 
correctors be r; then (R + 1r) may be adjusted to 
any convenient value, and may be used to add a 
corrective force to the field (1 + k)Z, to make it 
equal to (1+ ¢,)Z, ie, (R+r)+(1+hZ= 
(1+ e,)Z. Dividing this equation by Z, gives the 
well-known statement that, for heeling error to be 
properly corrected, we require : 


R 
14K +( ot) miter 








OF py = Aq, in the symbols of compass theory. 
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For any given location and small angles of roll, 
the heeling error is effectively corrected if we make : 


R 
rek+ (FF) rte 


For small angles of roll we may take Z as V, the 
vertical component of the earth’s field. Thus, for 
the equation above to remain true for widely varying 
values of Z, we must alter the value of r so that in 
Vi: 


ry + R = (eg — k)Z, = (eg — k) Vy 


and in V,: 
YT; + R = (€3 = k) Zs = (ég — k) Vy 
Subtracting these equations gives : 


(rg — 71) = (eg — &)(V_q — Vj), 
from which we may estimate the effect if the heeling 
error correction made in V, is used in V,. As an 
example, let e, = — 0-2, and let k=0-1, both 
reasonable suppositions. Let the value of r, be 
adjusted in the Uniced Kingdom, where V, = 
+ 0-43 oersted, and let us examine the change 
(rz— 17) required for the correction of heeling error 
in Australia, where, say, V, = —0-47 oersted. 
Then : 

(r, — Ty) = (—0°2 — 0-1) x (0-47 — 0-43) 
= (—0°3) x (—0-9) = +0-27 oersted. 


Thus, if the ship does not have her heeling error 
magnets adjusted, r, will remain set for correction 
in V,, and will produce an unwanted force at right 
angles to the deck of strength — 0-27 oersted. 
This will have a deviating component in the hori- 
zontal direction towards the low side of the deck of 
strength 0-27 sin i, where i is the angle of roll. To 
investigate how this affects the compass, let us 
assume that the ship has a constant list of ¢ deg. 
to starboard. The result will be that the compass 
is deviated towards the starboard side, by an amount 
in degrees given by : 

0°27 sini 

ot = 

where 8; is the heeling error in degrees ; AH is the 
horizontal controlling force at the compass; and 
{ is the magnetic course. If we take A=0-9, 
H=0-3, and {=0, this gives the maximum 
value of the deviation : 
0-27 sini x 57 
“0-9 x 0-25 





x 57 cos f, 


3; max. = 

Now 

eek. 0-27 
to genh~ a 

Thus the deviation would be 1-2 times the angle 
of heel. Actually, of course, the ship rolls from 
side to side, and the result is that the compass is 
very unsteady. The obvious and time-honoured 
method of dealing with this trouble is to treat the 
steering and standard compasses differently. The 
heeling error of the steering compass is adjusted 
at frequent intervals, and the resulting error, due 
to the introduction of a value for coefficient B, is 
accepted at this compass. The steering compass is, 
therefore, merely a conveniently steady indicator 
of direction, the deviation of which, although un- 
known on any given course, at least stays constant 
while steering that course. The standard compass is 
used to shape the course and to steady the helmsman. 
With the introduction of the Admiralty transmit- 
ting magnetic compass, it seemed that, as it can 
work a number of repeaters, there should be no 
need for a separate steering compass. The one 
objection is the unsteadiness of an accurately adjusted 
magnetic compass after a change of latitude. Even 
without the transmitting compass, the general 
opinion of navigators is that this unsteadiness 
of the standard compass is a nuisance which 
should be avoided if this can be done without 
the necessity for subsequent re-swinging to restore 
its accuracy. Faced with these facts, it was 
suggested that it might be possible to find some 
position and angle where the heeling error magnets 
could be installed so that they performed their 
normal duty of producing a “ vertical” field at 
the compass without magnetising the Flinders bar. 
Calculations showed that no such position exists. 
As the magnetism in the Flinders bar is unavoidable, 
it was decided to find the angle at which a magnet 





xiewm 1-24. 

















had to be placed, so that, at the compass 
the resultant of the direct field of the magnet and 
the field of the bar would be “‘ vertical.” The effect 
of three different positions is shown in Figs. 10, 11 


needles, 


and 12, opposite. For this p » &® mock 
binnacle was constructed. It showed that, for 
any given position of the magnets, there was a 
series of suitable angular attitudes, each appropriate 
to a particular length of Flinders bar. Although 
the best position for the corrector is obviously 
in the middle of the binnacle, a position was chosen 
for trial purposes in which about half the length 
of the correcting magnets projected through the 
after surface of the binnacle. This position was 
chosen because it presented a convenient means of 
securing the trial corrector without damaging the 
binnacle. The arrangement is shown in Fig. 13, 
opposite. 

The first trial Harvey-Raynes corrector is now 
completed, and is undergoing extensive tests. 
Experiments show that, as indicated by the mock 
binnacle, the direction of the corrective field at the 
compass is very sensitive to the least error in angular 
attitude of the magnets. For this reason, their 
movement is controlled by a cam which rotates 
through ten times the angular movement of the 
magnets. This cam is driven by screw and nut 
gearing, and carries an indicator marked with the 
length of Flinders bar for which the resultant angle 
of the sloping magnets is suitable. 

The first Harvey-Raynes corrector is now under- 
going further tests to find out the degree of error 
introduced if the Flinders bar, and/or the spheres, 
beslewed. To date, however, it has been established 
that, for a symmetrical position of the Flinders bar, 
the presence or absence of spheres are matters of 
complete indifference to the accuracy of the device. 
After these tests have been completed, it is proposed 
to fit the device to a binnacle in a ship bound for 
southern latitudes. Her captain will be invited to 
alter the number of magnets in the corrector so as 
to prevent any unsteadiness of the compass at any 
time he likes, provided the indicator on the cam 
shows the number of inches of Flinders bar fitted 
to the compass. There is every reason to suppose 
that such a test will prove 

The author wishes to thank Mr. T. H. O’Beirne, 
M.A., for the suggestion of the W, and W, functions, 
upon which the Point-by-Point correctors are 
based; and to acknowledge the assistance of the 
staff of the Admiralty Compass Observatory, 
and of Captain H. L. Hitchins, C.B.E., R.N., 
Director of the Compass Department. 

A fuller treatment of part of this article is given 
in the author’s thesis Driven Correctors for Trans- 
mitting Magnetic Compasses, in the University 
Library, London. 





RoyaL SocreTy AwaRps.—A number of awards have 
been made by the Council of the Royal Society, Burling- 
ton House, London, W.1. These include a Royal Medal 
for 1948 to Professor Harold Jeffreys, F.R.S., for his 
work in geophysics and his contributions to the astronomy 
of the solar system. The Rumford Medal has been 
awarded to Professor F.‘E. Simon, C.B.E., F.R.S., for his 
contributions to the attainment of low temperatures 
and to the study of the properties of substances at 
temperatures near the absolute zero. The Hughes Medal 
has been awarded to Sir Robert Watson-Watt, C.B., 
F.R.S., for his work in atmospheric physics and on the 
development of radar. 





THe WEstT RIDING FEDERATION OF ENGINEERING 
SocreTIeEs.—Under the chairmanship of the President 
(Mr. C. A. P. Atkinson, F.R.S.A.), a meeting of the West 
Riding Federation of Engineering Societies was held in 
Bradford on Tuesday, November 16, when the second 
Federation Lecture was delivered by Mr. J. Foster Petree, 
M.1I.Mech.E., A.M.I.N.A., the subject being “ The 
Development of Ships and Shipping.” The lecture 
traced the changes in the form, construction and propul- 
sion of warships and merchant ships, and the influence of 
economic conditions and technical advances. on the growth 
and decline of the shipbuilding nations from the Third 
Egyptian Dynasty (4400 B.c.) to the present day. The 
West Riding Federation is a joint organisation of the 
engineering societies of Bradford, Huddersfield, Spen- 
borough, Brighouse, and Shipley, and the Leeds, Wake- 
field and Keighley Associations of Engineers. The 
secretary is Mr. S. Longden, 15, Prospect-villas, Cleck- 
heaton, Yorkshire. 


LITERATURE. 


Selected Techniques of Statistical Analysis. By the Statistical 
Research Group, Columbia University. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 6 dols.]; and McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 36s.] 

Tue admirable policy of publishing the technical 
developments of the war for the benefit of applied 
science and industry is exemplified less spectacu- 
larly in the field of mathematics than in physics or 
engineering, but, on the ground of solid merit, this 
excellent account of statistical methods is assured 
of widespread recognition. It is the work of a 
group of applied mathematicians, drawn from many 
universities and research organisations in the United 
States, who were engaged throughout the war in 
devising means of analysing statistical data, inter- 
preting experimental or industrial records, and 
planning procedures of various sorts, in such a way 
as to expedite as well as to improve the efficiency of 
many aspects of the United States war effort. Both 
in industry and the Services, new problems were 
constantly arising where urgency emphasised the 
need for prompt conclusions of adequate accuracy 
to be drawn from the minimum number of records, 
or experimental results ; consequently, the statis- 
tical research group were concerned mainly with 
new applications of established statistical theory, 
though—as was bound to be the case—a certain 
amount of new theory was explored and applied 
wherever appropriate objectives a 

Prominent among the latter is a new method of 
testing a statistical hypothesis by sequential 
analysis, the essence of which is that a hypothesis is 
accepted or rejected as soon as, but not before, the 
results of a calculation applied to successive groups 
of observations reveal the justification for doing so 
with pre-determined degrees of reliability. The 
time-saving motif evident in this particular tech- 
nique can be discerned not only in some of the 
other new work collected in the third part of the 
book, but also in the techniques illustrating fresh 
approaches to controlled production and designed 
experiments with which the first and second series 
of papers are respectively concerned. The point is 
exemplified for industrial purposes by procedures 
whereby inspection can be minimised, or sampling 
carried out so as to yield more accurate and con- 
clusive indications or to increase the certainty of 
remedial measures when the quality of a product 
is depreciating. A particularly interesting case 
considered is that of multivariate quality control, 
where the ultimate criterion of value of a complicated 
assembly is its actual performance, inclusive of the 
aptitude of its user, as distinct from the purely 
metrological correctness of its several mechanical 
components. On the experimental side, the demands 
of urgency are met by various means of advance 
planning and subsequent interpretation in order to 
derive the utmost amount of information from 
costly, dangerous or time-consuming trials. Included 
in this section is an enlightening discussion of how 
statistics can show that an experiment should be 
abandoned, or a proposed modification rejected with 
assurance, on the basis of a limited number of 
observations. 

Rectifying possible tendencies towards over- 
simplification in the interests of quick decisions is 
@ cautionary survey of the effects of rounding or 
grouping statistical data, which, while a statistical 
technique in itself, is typical of the realistic approach 
of the work as a whole to the ultimately satisfactory 
solution of the problems studied. The procedures 
described, exemplified and, in many instances, facili- 
tated, by statistical tables are therefore equally 
applicable with confidence to problems where 
urgency is less vital than economy. The care and 
ability of the three joint editors—Churchill Eisen- 
hart of the National Bureau of Standards, Millard W. 
Hastay of the National Bureau of Economic Re- 
search, and W. Allen Wallis of the University of 
Chicago—have added a p and valuable 
unity to a compilation of the authoritative, but 
individual, products of a score of different brains. 
The result is a book of somewhat advanced standard 








which will be most helpful to practical statisticians. 
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Science and Its Background. By Ligor.-Cont. H. D. 
(ANTHONY. Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 10s. 6d. net.} 
Amone the illustrations in this thought-provoking 
book are six charts, each with three columns headed, 
respectively, “‘ Action,” “‘ Knowledge” and “ Vision.” 
The charts themselves are headed “The Rivers 
Period ” ; “‘ The Mediterranean Period—Classical ” ; 
“The Mediterranean Period—Medieval”; ‘‘ The 
Atlantic Period—Renaissance”; ‘‘The Atlantic 
Period—Modern”; and “The World Period— 
International Conflict and the Future.” They 
represent, as it were, six periods in the history of 
civilisation. In the “ Action ” columns are leading 
events in general history; the ‘“‘ Knowledge ” 
columns contain names of famous men of science ; 
and in the “Vision” columns are the teachers, 
prophets and reformers. The entries give a clue 
to the scope and arrangement of the book and 
provide a foundation for the reader to build on. 

Tt may be asked, of course, whether in so small a 
book justice can be done to either history or science, 
for it is something like trying to compress an 
encyclopedia into a single volume. So many 
things have contributed to the rise and fall of 
nations, the progress and retrogression of learning, 
and the flow and ebb of civilisation. Climate, 
disease, migrations, dynasties, wars,. religions, 
commerce, etc., have all played their part and there 
is no set pattern in the story. In spite of this, 
however, the advance of science, or organised 
knowledge, can be pretty clearly traced from the time 
that men first made calendars, and invented alpha- 
bets and systems of counting. This forms the main 
theme of Colonel Anthony’s book, in which once 
again are surveyed the contributions of Thales, 
Aristotle, Archimedes, Kepler, Galileo, Newton, 
Harvey, Lavoisier, Darwin, Pasteur, Mendel, Ront- 
gen, Planck and Einstein, to the advancement of 
knowledge. Hundreds of famous men have had 
to be passed over, but that was inevitable; they 
are easy enough to discover elsewhere. 

Having brought the main story to its close the 
author, like many others to-day, asks “‘ What 
next ?”; and, in his last chapter, “‘Man’s Place 
in Nature,” he looks at things with the eye of the 
idealist. In one passage he says: ‘“‘ Science and 
mankind cannot be divorced from time to time at 
man’s convenience. Yet we have seen that, in 
spite of countless opportunities of improvement, 
the opening years of the present world period of 
civilisation have been dominated by international 
conflict. Is this the inevitable result of the progress 
of science, or does the fault lie elsewhere?” The 
idea that the wars against Germany—or any other 
wars—were in the remotest degree due to scientific 
discovery seems to be quite untenable. There 
have been conflicts innumerable between tribes, 
races, dynasties and nations, and they have been 
due, among other things, to greed, ambition, 
injustice, revenge or lust for power. What essential 
difference was there between the campaigns of 
Alexander, Julius Ceasar, Ghengis Khan, Philip of 
Spain, Napoleon, Wilhelm I, and Hitler? Science, 
it is true, has enabled men to make more powerful 
and more deadly weapons, but warlike inventions, 
like those of Archimedes and Leonardo da Vinci, 
were never the cause of a war, any more than were 
the electrical discoveries of Franklin. This is a 
topic, however, which cannot be enlarged upon ; 
sufficient has been said to indicate the scope and 
character of this interesting and valuable survey. 
History, said Professor G. M. Trevelyan, ‘‘is the 
cement that holds together all the studies relating 
to the nature and achievement of man.” There is, 
however, a rare lot of it since man began to make 
tools about 20,000 B.c. 





Taples of the Bessel Functions Y, (xz), X (x), Ky (x), K, (2) 
0<2< 1. National Bureau of Standards Applied 
Mathematics Series 1. Superintendent of Documents, 
United States Government Printing Office, Washing- 
ton 25, D.C., U.S.A. [Price 35 cents.] 

Tue Computation Laboratory of the National 

Applied Mathematics Laboratories, organised in 

January, 1938, and known until 1947 as the 

Mathematical Tables Project, has been operated, 

since March, 1943, by the National Bureau of 

Standards. An important part of its work consists 


in the preparation of tables of basic mathematical 
functions in order to facilitate the application of 
mathematical theory to practical problems. The 
present set of tables, which inaugurates the Applied 
Mathematics Series, was computed at the request 
of the Manhattan Project for theoretical caloulations 
connected with the nuclear chain-reacting piles 
erected at Hanford and consisting of a cylindrical 
lattice of uranium rods imbedded in a graphite 
moderator. The computation of the fraction of 
neutrons absorbed in the uranium and the surround- 
ing graphite is a problem in diffusion, the solution 
of which involves the Bessel functions K, (x) and 
K, (x) for values of z often less than 0-5. Values 
of the Bessel functions Y, (x) and Y, (x) were simi- 
larly required for small arguments in connection with 
calculations of the action of the control rod in fegu- 
lating the power developed within the pile. 

Tables of all these functions exist, a standard 
source of reference being Volume VI of the British 
Association series of mathematical tables. With 
them, however, difficulties of interpolation arise 
in the vicinity of the origin owing to the pres- 
ence of a singularity at the origin. Though the 
tabulation of certain auxiliary functions facilitates 
tates interpolation in this region, the usefulness of a 
tabulation at a considerably finer interval, such as 
the present tables provide, is obvious. The interval 
has been chosen to secure an accuracy adequate for 
most practical purposes over the range z =0 to 
zx = 1, covered in these tables by linear interpola- 
tion. When the full accuracy of the table is 
Tequired, recourse must be had to either Everett’s 
or the Gregory-Newton interpolation formula ; 
and the ranges over which they are appropriate 
are indicated in the introduction by Arnold N. 
Lowan. 

Apart from a few entries close to the origin, the 
entries in the present table were obtained by 
interpolation in the British Association Tables, 
mentioned above, and are given to the same number 
of significant figures. The last place, therefore, 
may be in error by about a unit or, in some instances, 
perhaps by two units. A small number of entries 
near the origin were computed independently, and, 
where nine significant figures are given the last 
place may be in error by four units. The functions 
Y, (z) and Y, (z) are given on pages 3-31 to eight 
or nine significant with first or second 
differences for z=0 (0-0001) 0-05 (0-001) 1. 
To simplify interpolation between 0 and 0-0050 
four auxili functions, denoted by Cy (xz), D, (zx), 
C, (x) and D, (z), are tabulated on page 2 to the 
same number of significant figures at an interval of 
0-0001 with first differences. The functions K, (x) 
and K, (z) are given on pages 35-60 to seven signifi- 
cant figures with first and second differences for 
z = 0 (0-0001) 0-033 (0-001) 1. To simplify interpo- 
lation between 0 and 0-030 four auxiliary functions, 
denoted by E, (z), Fy (z), E, (z) and F, (2), are 
tabulated on page 34 to the same number of signifi- 
catit figures at an interval of 0-001 with first differ- 
ences. These tables are moderately priced, well 
arranged and clearly printed and, though primarily 
designed for pile technologists, are likely to prove 
useful for the solution of other engineering problems. 





SHEET AND Strip METAL USERS’ TECHNICAL ASSOCIA- 
TION.—The annual general meeting and winter confer- 
ence of the Sheet and Strip Metal Users’ Technical 
Association will be held at the Waldorf Hotel, London, 
W.C.2, on Thursday and Friday, December 9 and 10. 
The annual general meeting will start at 11.30 a.m. on 
December 9 and will be followed in the afternoon, at 
2.15 p.m., by the first technical session, at which Dr. 
Maurice Cook, F.I.M., and Mr. R. Hanes will present a 
paper on “ Impact Extrusion.” On December 10, there 
will be technical sessions at 10.0 a.m. and 2.15p.m. The 
morning session will discuss papers on “‘ Pressure Weld- 
ing,” by Mr. R. F. Tylecote, M.Sc., and “ Application 
of Phosphate Treatment to Wire, Tube and Deep Draw- 
ing, etc.,” by Mr. H. A. Holden, M.Sc., and Mr. 8. J. 
Scouse ; and in the afternoon, Dr. P. C. van der Willigen 
will give a paper on “‘ Coitact Welding,” followed by a 
demonstration. In the evening, at 7 p.m. for 7.30 p.m., 
the annual banquet will be held at the Café Royal, 
Regent-street, W.1. Admission to all functions is by 
ticket (free, for the technical sessions), obtainable from 
the honorary secretary of the Association, 49, Wellington- 


BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 


(Continued from page 509.) 


WE commence below a report, slightly abridged, 
of the discussion on the nine contributions presented 
to the Conference on Brittle Fracture in Mild Steel 
Plates, held in the Engineering Laboratory of 
Cambridge University, on October 26, 1945, under 
the chairmanship of Dr. (now Sir) Andrew McCance, 
F.R.S. The contributions referred to have been 
printed in the two previous volumes of ENGINEERING, 
though not strictly in the order of their presentation. 
The discussion was opened by Sir Lawrence 
Bragg, who observed that the pure scientist, such 
as himself, felt a little diffident in opening a dis- 
cussion on a practical problem like that of ships 
cracking when they should be floating. One of the 
best descriptions of the relative positions of pure 
and applied research, he said, was that given by 
J. J. Thomson in the last war, when the Department 
of Scientific and Industrial Research was being 
started. He said “‘The difference between pure 
and applied research is that applied research 
produces reforms, but pure research may produce 
revolutions.” In listening to Dr. Orowan, Sir 
Lawrence continued, one began to see a pattern 
shaping itself. The yield strength, by the conforma- 
tion of the metal in the neighbourhood of the notch, 
can be raised by a factor of the order of three times. 
As I understand it, this is so because the other elastic 
forces which are called into play tend to oppose the 
straight pull which is tending to tear the specimen 
apart, and their opposition can be built up to such 
an extent that that pull has to be three times as 
great, or something of that order, as it is in the 
ordinary tests when we try to find the force at 
which the metal shears. These considerations lead 
to the table he has given of the relations between 
B and Y. 

That still leaves us, however, without a grasp of 
exactly what brittle strength means. What exactly 
do we mean by this brittle strength ? I should like 
to put forward one or two crude ideas, in the hope 
that somebody will show why they are wrong or 
say what is right. We have the conception that 
the material is, so to speak, on a razor edge, and can 
go one way or the other, with a brittle or a fibrous 
fracturs. I take it that we can see, in a general 
way, that a material which is extremely ductile 
is one in which the processes of slip can get a long 
clear run. The metals which self-anneal very 
easily, and so build up large crystals, tend to be the 
ductile metals, and if one has a crystalline material 
in which the individual movements of slip have a 
long run before they have to change their line and 
run along another slip plane, the result is a very 
ductile material which can yield easily. The shorter 
the runs go, the higher the stress at which the metal 
will yield plastically. 

I suppose that what is happening when a brittle 
crack is running through the material is that there 
is, at the end of the very fine crack, a state of affairs 
which is very far indeed from one of equilibrium. 
The metal has been subjected to the most violent 
cold-work at that point, and instantaneously it 
has broken up into very small crystallites indeed. 
Normally, such a region would self-anneal, but if 
the crack is being propagated rapidly there is, 
at the end of it, a small volume which is thrown 
into such a minute state of crystallisation that its 
yield point has been raised to something very much 
higher than the normal yield point of the material 
in a slow test. Before it has time to recover from 
that condition, the crack proceeds farther and the 
next bit is thrown into a similar state of violent 
disruption, and so on; so that there is a small 
“ poisoned ” region, as it were, running ahead of 
the crack, where the yield point is very high, and so 
Dr. Orowan’s criterion comes in and the brittle 
fracture proceeds. 

I suppose, too, that there is another factor giving 
rise to instability. If ductile fracture takes place, 
much work is done right at the end of the crack, 





* Part II appeared in the previous volume, and Part I 
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and so this region must be very hot indeed. The 
fact that it is hot lowers its yield point, and therefore 
enables ductile fracture to continue ; but once it 
has started brittle fracture and is parting without 
ductile yield, that source of heat is absent and the 


brittle crack tends to continue. That is why it 
must be one thing or the other ; it is, as I said, on a 
razor edge. Once it starts yielding plastically it 
helps itself to yield plastically, but if it once starts 
parting in such a way that very little work is done, 
it remains on the brittle side of the boundary. 
That is what I feel that I should like to hear a little 
more about. We talk about brittle strength, but 
what is brittle strength? It is not exactly the 
strength of the material as a whole; one can only 
interpret it as a distribution of stresses affecting 
the local conditions at the end of a crack. 

Again, I gather that steel experts can make steels 
which become notch-brittle at so low a temperature 
that there is no need to worry about the defect in 
practice. If that is so, I do not understand why a 
solution of the problem is not at hand. What is the 
difficulty ? Isiteconomic? This critical tempera- 
ture seems to be the factor which determines whether 
the steel is going to be dangerous or not. I should 
like to know what sort of steels have the critical 
temperature below the temperatures which are 
likely to be encountered, and why they do not meet 
your requirements. 

Dr. L. Reeve, who followed, said: We have 
carried out at our works some of the notch tensile 
tests described by Mrs. Tipper, but we have not 
gone sufficiently far to be able to give more than some 
general impressions of what has been happening. 
We have tested a number of ship steels at random 
to give us a general picture of what we are likely 
to get with ordinary British steels. We have done 
this for eight or nine ship plates, but have also 
tested a number of special steels. One fine-grain 
steel was tried, but unfortunately it was cut in the 
longitudinal direction, whereas all the other speci- 
mens were cut transversely, so we ought not to draw 
too definite conclusions from it ; it gave anextremely 
ductile notch fracture, as one would expect. Of 
the ship-plate steels, all gave ductile fractures 
except one out of a pair (we did these tests in dupli- 
cate) which was crystalline at room temperature ; 
the duplicate specimen, cut side by side, 1 in. away, 
gave a ductile fracture. 

That immediately brings us to our first serious 
problem. Are we likely to encounter this variability 
very frequently, and, in that case, is there any hope 
of working out a specification? I suggest that a 
marked variability is likely to be met with in any 
test on ship plate involving the use of notched 
specimens. Mrs. Tipper has suggested that this 
particular steel may exhibit a sharp drop in Izod 
value at about room temperature. We have carried 
out temperature Izod tests on several of these steels, 
including the one under consideration, and there 
is no suggestion that this steel is any different in 
this respect from the others tested. All the steels 
under consideration showed a steady drop in Izod 
value as the temperature fell. 

There is one point in connection with these notched 
tensile tests which I would mention particularly. 
Most of the tests we have made have been on plates 
cut in the transverse direction. Looking at Mr. 
Adam’s composite picture of these ship failures,* 
most of the fractures shown are running transversely 
across the ship, with the plates running longitudin- 
ally. Hence comparative tests on ship steels should 
be on plates cut in the longitudinal direction. 
This is a point of some importance, because there 
can be a very marked difference in impact value as 
between the longitudinal and transverse directions, 
and notched tensile specimens are more likely to 
give ductile fractures in the former case. These 
ship failures, as Mr. Adam told us, might be due to 
the steel, might be due to design factors, and might 
be due to welding conditions. Most probably, 
they are due to a combination of all three factors. 
As far as welding conditions are concerned, I should 
like to mention one case of a brittle fracture in a 
ship, and only one, in which we, as steelmakers, 
were involved in this country. It was very much 
Jess marked than the American failures reported, 


* Reproduced on page 557 of the 164th volume of 
ENGINEERING (1947)—EbD., E. 








but it was a brittle fracture. It occurred about 
two years ago when the fairly heavy keel plates 
(about 1} in. thick) of a 10,000-ton tanker were 
being welded. The plates cracked at four different 
positions, the maximum length of crack being about 
9in. Two of the cracks were found near the junc- 
tion of transverse and longitudinal butt welds, while 
the longest crack was at right angles to a transverse 
butt weld, and on each side of it. The fractures 
showed the characteristics of the brittle type of 
failures discussed at this Conference. 

We found that two of the plates concerned had a 
phosphorus content above normal ship-plate specifi- 
cation (0-06 per cent.). We were perfectly prepared 
to replace the plates concerned, but another plate 
which was found to be cracked had a very low 
phosphorus content, of the order of 0-02 per cent., 
so that ruled out phosphorus as the cause of the 
trouble. This is supported by the fact that the 
phosphorus contents of the American plates reported 
upon by Mr. Barr* are all very low. As far as 
impact tests were concerned, these averaged 43 ft.-lb. 
in one case, and 28 ft.-lb. in another, but no tem- 
perature impact tests were carried out. It was 
finally found that the particular plates concerned 
had been automatically welded by a new process 
(not Union-melt), and the welds had cracked once, 
twice, and I believe, in one case, three times; 
they had been finally welded by hand. The brittle 
fractures in the steel plates had occurred towards the 
end of these re-welded seams. I bring those facts 
forward not with any attempt to discount entirely 
the influence of steel—undoubtedly, it does come 
into the problem—but to bring out the fact that, 
in the only case of a ship failure of this type which I 
know personally, the welding conditions undoubtedly 
played a very important part. Exactly what hap- 
pened we do not know, but I take it that repeated 
re-welding had introduced very high internal 
stresses or stress concentrations, particularly near 
the junction of the longitudinal and transverse 
butt welds. 

Turning in greater detail to the influence of steel 
analysis, I have read with great interest Mr. Barr’ : 
contribution with reference to manganese. 
cannot help thinking that, although he has i 
out a very good case for the influence of this element, 
this seems to be too easy an explanation of the 
trouble. If that is all that is wrong, our American 
friends can solve their problem very quickly. The 
analyses which Mr. Barr has quoted of low-mangan- 
ese and high-carbon steels are very unusual for ship 
plates in this country, and, with the accompanying 
low Izod values, may be the basic cause of the 
trouble. But I should like to put this question to 
our American friends : do I gather that all the ship 
failures which have occurred have been with Ameri- 
can steels of this low manganese type, or were other 
more normal steels involved ? I ask that question 
because, during the war, we were rolling American 
steel, and as far as I can remember their analyses 
were very similar to those of the steels which we 
were making ourselves—about 0-55 per cent. or 
0-65 per cent. manganese, and 0-16 per cent. to 
0-18 per cent. carbon. If there have been failures 
in such plates in America, the low manganese story 
does not cover the picture ; it may be a factor, but 
it does not cover it entirely. 

Dr. Orowan’s paper struck me as very interesting. 
Apart entirely from his discussion regarding relative 
values of the brittle strength and yield strength, 
there is another matter to which he refers very 
briefly, which is important. He mentions the 
influence of very small quantities of impurities 
concentrated at the slip planes. From the little 
we know about strain ageing and its influence on 
impact, we know that there are at least three 
possible causes, namely the oxygen content of the 
steel, possibly its carbon content, and its nitrogen 
content. It has been suggested that soluble 
elements of this type may be precipitated at slip 
planes as a result of straining, and, as Dr. Orowan 
has shown, this may lead to brittle fractures. 

Mr. Barr draws attention to the fact that the 
American steels have a nitrogen content as high as 
0-009 percent. It may seem that we are “ straining 
at gnats,”’ but it is well known that the difference 
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between 0-005 per cent. or so of nitrogen in open- 
hearth steels, and the 0-01 per cent. or a shade more 
in’ Bessemer steels, makes a big difference to 
their sensitivity to strain ageing. The figures for 
nitrogen which have been quoted for these American 
steels suggest to me that they were probably 
“duplex,” made by Bessemerising first and finishing 
in the open hearth. That is a point which we 
ought not to forget. 

As far as fine-grain steels are concerned, I fully 
support Mr. Barr’s view. They might provide an 
answer, but at a cost which is far too high for 
commercial ship plate. The theory of fine-grain 
steel, however, is worth mentioning in connection 
with the cause of strain ageing. Aluminium is 
added in appreciable quantity to make fine grain 
steel. This element is not only a powerful deoxi- 
diser, but it is also supposed to de-nitride by 
producing aluminium nitride instead of soluble 
iron nitride. It also provides quantities of alumi- 
nium particles, and such particles may have an 
influence on impact value. The fact that Izod 
values taken in the transverse direction are different 
from those in the longitudinal, is also associated with 
the distribution of inclusions in the two different 
directions. I do not think that the statement that 
the steel is the main responsible factor is necessarily 
true. The subject, however, is so important that 
it is up to all steelmakers to look into every possible 
cause, including the question of temperature Izod 
relationships, influence of strain ageing and similar 
steel properties, with the greatest care and attention. 

Dr. G. A. Hankins said: I think that Professor 
Baker has weighed the evidence on the whole of this 
problem very carefully indeed, but there was one 
point where I thought that the argument was just a 
little weak, and that is with regard to the question 
of the cleavage cracking occurring in welded and 
not in riveted ships. Commander MacCutcheon 
has given us a very useful statement on that position: 
he mentioned crack arresters, and, as I understand 
it, these crack arresters are actually riveted bars 
or strips put in the ship’s structure, and they prevent 
the crack spreading. 

The main point that I want to mention was 
raised by Professor Baker and also by Dr. Orowan 
in their remarks. Professor Baker has come to the 
conclusion, and it seems that the Americans have 
as well, that the question of the steel is very impor- 
tant indeed. I agree, and I think that this work is 
giving us a good deal of new information with regard 
to steels. Probably steelmakers will say that 
they have known for many years that steels could 
be notch-brittle, but the evidence now available 
opens up quite new fields for thought and for 
investigation. The problem is clearly illustrated 
in Fig. 8 of Professor Baker’s paper.* In this diagram 
oS is the shear strength and oT the cleavage 
strength, and it seems that we have here a research 
problem which must be examined in considerable 
detail. We know a good deal about the shear 
strength, and must now proceed to find out about 
the cleavage strength. Dr. Orowan suggests that 
tests in liquid air will give the necessary information, 
but this assumes that there will be no change in the 
cleavage or cohesion strength with temperature. 
The ideal way, I suggest, would be to determine the 
strength at normal temperatures under three equal 
principal tensile stresses. So far as I know, however, 
no one has yet devised a method by which this 
can be done. Dr. Orowan, in his sandwich test, 
approximates to these conditions; I also have 
made an attempt to design a suitable test piece, 
but do not regard the result as satisfactory. The 
value of notch tests, such as the Izod test, the 
test or Dr. Tipper’s notched tensile test, is that they 
give approximation to the triple tensile conditions ; 
but the dimensions of the Izod notch, for example, 
are arbitrary, and I suggest that a nearer approach 
to the ideal conditions would be obtained if the 
notches were much sharper and deeper than the 
standard form with the smallest possible root radius. 
This would mean that the energy absorbed would 
be smaller than at present and more care would be 
required in the design of the testing machine. 


(To be continued.) 





* See ENGINEERING, vol. 164, page 549 (1947). 
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NEED FOR INSTITUTE OF 
APPLICABLE MATHEMATICS.* 


By Prorsssor W. G. BIcKLEY. 


Tris natural to begin my remarks by a brief reference 
to those of the opening speakers, and these were 
addressed to the mathematical education of the 
ordinary engineer, and the mathematical needs of the 
extraordinary engineer, in what seemed to me about 
the right proportion. They underlined the fact 
that our problem has to be considered at two levels, 
which may be described crudely as undergraduate, 
and post-graduate. Mr. Allen, in his analysis of the 
four stages in the solution of a mathematical problem, 
very rightly emphasised the importance of the first, 
the translation from engineering to mathematical 
terms. He stressed the use of simple methods, and 
especially of numerical ones, but he also urged that 
students should be made aware of the existence of 
more advanced methods, and in particular the desir- 
ability of their knowing when and how to call in the 
expert. Dr. Pope stressed the importance of keeping 
in view the physical meaning of the mathematics 
throughout, and advocated use of graphical 
methods. He referred to “ barbarous” treatment of 
mathematical lecturers by engineering students, and to a 
“pearls before swine” attitude on the part of the 
former. Mr. Snow outlined the basic needs, and 
emphasised the uncertainty of the data of engineering 
practice, and the way in which experience must 
supplement mathematics. Dr. Pope mentioned the 
need for more advanced aeowiatyp and techniques by 
those who form the spearhead of the profession, and 
Mr. Snow added detailto this. Finally, Dr. Macfarlane 
addressed himself to a particular instance of an 
advanced mathematical technique which he finds 
useful. 

On the lower plane there was ment that mathe- 
matics is an essential element of engineering science, 
and upon the ingredients of the basic course in mathe- 
matics for engineering students. The problem at this 
stage is not so much what to teach as how to teach it. 
Mr. Allen emphasised the importance of being able to 
translate from the language of engineering to that of 
mathematics, and the language parallel can be pushed 
farther. The student must acquire a grammar of con- 
cepts and a vocabulary of techniques. He must learn 
to read, to speak, and ultimately to think in, mathe- 
me sical language. But he cannot learn to speak by 
merely reading and hearing—he can acquire tech- 
nique only by working exercises. He will not, however, 
be content to utter mere gibberish—it is essential that 
the exercises be chosen so a8 to make sense and to have 
meaning. For this it is necessary that the teacher 
mathematician shall be able to speak the engineer’s 

, know the things the engineer is interested 
in, and be familiar with, and sympathetic towards, the 
engineer’s habits of thought. This demands an 
enlightened and enlarged outlook on the part of the 
mathematician. 

But the argument cuts both ways. One of the 

test obstacles to success on the part of the en- 
lightened mathematician is the attitude of many 
engineering text-books and lecturers towards mathe- 
matics, the impression they convey that mathematics 
is to be avoided like the plague, rather than a tool to 
be used wherever possible to improve efficiency. It 
seems to me so inconsistent to advocate the use of 
medern machine tools in the workshop and to fall 
back on the equivalent of cold chisel and file for 
thinking. Itis indeed, so absurd that I wonder whether 
it is entirely due to original sin on the part of the 
engineer. Has the mathematician always given the 
engineering student a fair deal? Is not the barbarity 
which Dr. Pope mentioned possibly largely the mathe- 
matician’s fault? And if there is a “ pearls before 
swine attitude, isn’t barbarism justifiable retribution? 

In my experience the engineering student is very 
amenable to sympathetic treatment, not more stupid 
than students in general, and I find teaching him 
mathematics a rewarding and enjoyable job. Give him 
the mathematical food he needs and desires, serve it 
up with appropriate garnishing, and he will not only 
eat out of your hand, he willsit up and beg for more. 
So I urge my mathematical colleagues to take seriously 
the job of teaching engineering students, and at least to 
familiarise themselves with the mathematical portions 
of the engineering text-books these students read ; 
that will give them food for thought in more ways than 
one. 
Of course, some of my highbrow mathematical friends 
may decry my Simple aims as lowbrow. Briefly, the 
immediate aim is to present the fundamental concepts 
and techniques of elementary mathematics up to cal- 
culus and differential equations as arising naturally in 
the attempt to describe, explain, and predict the 





* Contribution to a joint discussion on Applicable 
Mathematics, between Section G and Sub-section A* 
(Mathematics) of the British Association, at Brighton, 
on Tuesday, September 14, 1948. Abridged. 





quantitative side of ordinary and technical life, to show 
mathematics in action, and to encourage the acquisition 
of enough knowledge and technique to cope with their 
text-books and design problems. 

Things are, of course, improving, and efforts are 
being made in many quarters to improve them. For 
instance, a technical sub-committee of the Mathe- 
matical Association has pre a report on the 
training of teachers of mathematics to technical stu- 
dents which is now in the hands of the printer. More 
significantly still, three great engineering institutions 
have accepted the invitation to send a tative 
to join this sub-committee, to assist in the discussion of 
what mathematics shall be taught, and, even more, 
how and in what order it should be taught, and I am 
hoping and believing that much good will come from 
the co-operation ; but such improvement may be a 
slow process. All that I personally dare hope is that 
some of my students may become lecturers (in engi- 
neering subjects), and will condition the minds of their 
students to more and better mathematics. 

ing now to the higher level, it seems to me that 
two things are there needed, two things which are 
closely correlated, and which would greatly assist the 
solution of the low level problem. These two things 
are associated with the two operative words, “ applic- 
able” and “‘mathematics”’, of the title of this discussion. 
Firstly, we need to be able to give a top-dressing of 
“applicability” to the mathematicians who have 
been reared in an atmosphere of abstractions. Secondly, 
we need to be able to give a top dressing of “* mathe- 
matics” to the abler engineering and other technical 
students. We need a central Institute of Applicable 
Mathematics. Such an institute would preferably 
have very close contact with a university, but should 
also maintain very close contact with industria] and 
government research institutions. It would be staffed 
by mathematicians interested in seeing where their 
subject does and could aid technicians, collectively 
conversant with classical and modern mathematics, 
with modern techniques and facilities, and with those 
branches of mathematical physics and technology 
to the development of which mathematics has contri- 
buted and is contributing. It could hope also to 
receive substantial occasional assistance from senior 
members of the staffs of the research institutions. It 
would conduct whole-time courses for post-graduate 
mathematicians, scientists, and engineers, to fit the 
mathematicians for immediate useful work in technical 
research, and to equip the scientists and engineers 
with appropriate mathematical knowledge and tech- 
niques. It would organise part-time and refresher 
courses for those already doing research. It would 
itself conduct research on all aspects of applicable 
mathematics. It could assist, by advice and suggestion 
on, and in appropriate cases co-operate in, specific 
research projects of the research institutions. ile 
these institutions would be the greatest users of its pro- 
ducts, such an institute would, I believe, make also a 
major contribution to the supply of teachers in technical 
colleges and in the universities. For such a develop- 
ment I believe there is already a demand, a demand 
which supply would greatly enhance. The only real 
obstacle seems to be finance. The question is whether 
industry, on some sort of co-operative basis — 
could come to the rescue, and makeits inception possible. 
I do not know whether the right ears can be reached 
from this platform, but I would like to assure them that 
in the opinion of those here the outlay would earn rich, 
if perhaps indirect, dividends. 





EMPIRE MINING AND METALLURGICAL CONGRESS.— 
The fourth Empire Mining and Metallurgical Con- 
gress, convened by the Empire Society of Mining 
and Metallurgical Institutions, will be held in Great 
Britain in July, 1949. The first four days, July 9 
to 12, will be spent in London, the programme consisting 
of the inaugural meeting and various official functions, 
visits, etc. July 13 to 17 will be occupied with the 
technical sessions, to be held in Oxford ; and, from July 
18 to 23, the members will have the choice of a number 
of excursions. Further information is obtainable from 
the general secretaries of the Congress, 436, Salisbury 
House, Finsbury-circus, London, E.C.2. 





Rartway BRIDGE RECONSTRUCTION.—During recent 
repairs to a bridge which supports the tracks of the 
London Midland Region Euston-Carlisle line over Middle- 
wich-street, Crewe, a new floor was laid without disturb- 
ing the main girders and cross girders or interfering 
unduly with traffic using the four tracks. The old steel 
rail-bearers and pressed-steel trough floor were removed. 
Pre-cast concrete “‘ jack ” arches in short lengths were 
placed between the cross beams, and concrete was laid 
over them. As it was not possible to place each arch 
in one piece they were made in halves with a joint at the 
crown. A damp-proof course was laid in hot bitumen 
protected by tiles, followed by the track, which was 
ballasted. 


GERMAN HIGH-VOLTAGE 
SWITCHGEAR. 


THREE reports (Nos. G/T206, G/T209 and G/T211), 
which have been issued recently by the British Electrical 
and Allied Industries Research Association, 15, Savoy- 
street, London, W.C.2, deal with some general trends 
in German switchgear practice. They are based on 
information supplied by German engineers, much 
of which was a in the form of questions and 
answers, and refer to switchgear designed for voltages 
between 6 kV and 400 kV. It appears that all metal- 
clad designs were obsolete by 1947, and, mainly 
because of material shortages, were unlikely to be 
developed in the near future. Air-blast, inert-gas, 
minimum-oil, and water-type circuit breakers had 
all been tested, and there appeared to be scope for 
each. Some 50,000 expansion-type breakers for 
voltages up to 220 kV were delivered between 1930 and 
the end of the war, and since then a further 1,000 had 
been supplied. Of the 1,400 designed for voltages of 
110 kV, 1,000 were of the old type incorporating a 
disconnecting switch, and 400 were of the p sor apat Ta 
type. About 100 had been delivered for voltages of 
220 kV. Cubicle types, incorporating breakers and 
isolators, as used in outdoor switching stations, were 
preferred in dusty and damp environments, but, 
even for voltages above 110 kV, indoor stations were 
in favour, since they minimised the troubles due to 
dust and fog. 

Owing to the increasing electrification of collieries, 
the design of flameproof switchgear had been further 
developed. One firm had made a water breaker for 
150 MVA at 6 kV, from an existing 75-MVA design, 
and another had developed a 150-MVA inert-gas 
breaker for the same voltage. A mixture of water 
and glycol (known ag Expansin) was used for water 
breakers, and these were installed on circuits up to 
60 kV. The mixture was non-inflammable and pro- 
duced only small quantities of gas, compared with 
those given by oil. At higher voltages, however, the 
short-circuit currents were too low to produce the 
quantity of gas required for the satisfactory extinction 
of the arc. Moreover, it was considered that the con- 
ductivity of the water mixture might prove trouble- 
some. For voltages above 60 kV, therefore, oil was 
employed as the are-quenching medium. 

Experience had proved that water breakers were 
very reliable for high rupturing capacities; they were 
less satisfactory when interrupting low currents at 
relatively high recovery voltages, though under these 
conditions their performance had been improved by 
the use of a new arc-control device. In the old device, 
a stack of discs was pressed together round the contact 
rod by a rubber ring held in compression on top of 
the stack. When the contact rod was withdrawn on 
the opening stroke, an arc was drawn through the 
stack, but the resulting gases, and the arc-quenchi 
liquid, could not escape until they had produced 
sufficient pressure to separate the discs by further 
compression of the rubber ring. In the new arrange- 
ment, the discs were, in effect, replaced by an insulating 
cylinder which allowed the gases to escape only when 
their pressure lifted it from its contact seating. This 
ensured an axial flow and cooled the arc, even at low 
currents, more rapidly than when the gases escaped 
radially between several discs. The cylinder was 
interchangeable with the discs and could be readily 
fitted to existing breakers when required. In the 
“ Freistrahl ” types of air-blast breakers, the arcs were 
extinguished by directing air-blasts at their roots. 
This type of breaker had been developed for 60 kV, 
110 kV and 220 kV circuits, though war-time experi- 
ences indicated that its rupturing capacity was too low. 
It had been impossible, for example, to increase the 
capacity of the 110-kV unit to 2,500 MVA, and it 
was believed that the firm responsible for them would 
not pursue the design any farther at this stage. In 
the differential-piston minimum-oil breaker, the gas 
pressure caused by the arc moved a differential piston, 
and produced an intensive stream of oil. This desi 
was reliable for medium voltages, but less so for 
higher voltages, as various mechanical difficulties then 
occurred. Its future seemed uncertain. Other forms 
of minimum-oil breaker, employing the expansion 
principle, were a or initiated during the war, 
and brief particulars of these and of allied developments 
are given in the reports. The rupturing capacity of a 
110-kV breaker was increased to 3,500 kVA by fitting 
@ special air buffer chamber round the fixed contact. 
It was also intended to develop a 400-kV expansion 
type breaker for 8,500 MVA by using two 220-kV 
breakers in series. The arrangement was intended 
to be reliable for 600 kV, in order to withstand the 
over-vol caused when load was removed from 
long lines. The development of a standard isolating 
switch for 60-kV, 110-kV and 220-kV circuits was 
completed by the end of the war, though the corre- 
sponding work on indoor isolating switches up to 





30-kV then ceased. During the war, three German 
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firms, in conjunction with the Rheinisch-Westfalen 
Elektrizitatsgesellschaft, | meee a new design of 
isolating switch for 400 kV. 

Synchronous switching, that is, the interruption of 
the current as it passes through zero, or as near as 
possible to zero, ensured short interrupting times, 
and permitted high rupturing capacities. The prac- 
tical difficulties of breaking the current at the right 
instant were still considerable, however, and, in the 
German view, the system was not yet practical for 
three-phase operation. 

German switching stations and networks equipped 
with arc-suppression coils had given very satisfactory 
service during the war, when the number of faults was 
probably 30 to 40 times greater than in peace time. 
This was attributed to the installation of oil-less, or 
minimum-oil type breakers at most of the stations, 
and to the action of the Petersen coils in relieving the 
breakers from having to deal with most of the line-to- 
earth faults. Other contributory factors were, appar- 
ently, the use of current-limiting reactors on the 30-kV 
networks, the lay-out of control rooms, and the employ- 
ment of large and semi-automatic water generating 
and pump-storage stations. 





CREEP OF METALS IN 
COMPRESSION. 


THE progress of creep in metals under tensile loading 
is usually divided into three stages. In the first place, 
an initial decelerating rate of creep, or primary creep, 
occurs, and this is followed by a stage of approximately 
constant creep rate which is commonly referred to as 
secondary or steady-state creep. Finally, an accelerat- 
ing state of creep leading to fracture, and termed 
tertiary creep, occurs. In materials undergoing con- 
siderable deformation, this last stage is often ascribed 
to an increase in the stress due to the decreasing cross- 
sectional area as creep proceeds. Some interesting 
work involving the carrying out of creep tests in 
ea “yt at a constant load has been conducted 
by Dr. A. H. Sully and Messrs. G. N. Cale and G. 
Willoughby at the Fulmer Research Institute, Stoke 
Poges, Buckinghamshire. The results of an investi- 
gation on some typical creep-resistant nickel-chro- 
mium alloys, which, in tensile creep tests at the same 
initial stress and temperature show the three stages of 
creep referred to above, are set out in a recent issue of 
our contemporary, Nature. The authors state that 
their results indicate that the creep rate, in the 
secondary or constant-state stage of creep, is approxi- 
mately the same in tensile and in compressive tests. 
Furthermore, the onset of tertiary creep in com- 
pressive tests occurs at approximately the same time 
as in tensile tests. Whereas in tensile tests, creep in 
the tertiary stage proceeds at an accelerating rate 
until fracture takes place, in corresponding compressive 
tests, creep proceeds in a series of accelerating and 
decelerating rates. 

The authors believe this to be the first observation 
of tertiary creep in compression tests. They add that 
the fact that it occurs after the same time has elapsed 
in both tension and compression tests suggests that 
its onset in tension tests in these materials is in no way 
connected with the increase in stress resulting from a 
reduction in the effective cross-sectional area due to 
creep. They agree, however. that increase in stress 
due to decrease in cross-sectional area is a factor 
accelerating creep in materials, such as pure metals, 
tested at stresses which cause relatively large deforma- 
tions to occur during the creep test. With regard to 
the mechanism by which this tertiary stage of creep 
occurs, Dr. Sully and his co-workers tentatively suggest 
that, in both tension and in compression, tertiary creep 
is initiated by atomic rearrangement in the most 
heavily strained zones adjacent to the crystal boun- 
daries, the onset of which may be determined by the 
amount of strain which the specimen has undergone. 
It is of interest to note that the authors intend to 
correlate further resulis of compressive and tensile 
creep tests in materials free from the metallurgical 
complexities of commercial creep-resistant alloys. 





SHORT-SERVICE COMMISSIONS FOR FORMER R.N.V.R. 
ELECTRICAL OFFICERS.—The Admiralty announce that 
they will offer short-service commissions in the Electrical 
Branch of the Royal Navy to former officers of the 
Royal Naval Volunteer Reserve who were employed in 
the Torpedo, Special, Electrical and Air Branches on 
duties connected with radar or wireless or on air radio, 
air electrical, or general electrical equipment. The period 
of service will be five years on the Active List, followed 
by four years on the Emergency List. Officers who 
complete their five years on the Active List will be eligible 
for a tax-free gratuity of 5001. Candidates must be 


under 35 on January 1, 1949. Applications should be 
made to the Director of the Naval Electrical Department, 


MANUFACTURE OF HOFFMANN 
BALL AND ROLLER BEARINGS. 


In the course of his practical training a mechanical 
engineer acquires a working knowledge of the principal 
engineering production processes, and with whatever 
type of machine he may be particularly concerned, has 
no great difficulty in visualising the methods of making 
other types. There are, however, a few tools and 
machine components which are in regular use in 
the shops or are commonly incorporated in machine 
designs, of the manufacturing methods of which most 
engineers remain more or less ignorant. This may 
be due to the necessity for unusual practical skill in 

emg them, or to the particular advantages of 
seg e mass production, both tending to concen- 
trate the manufacture in a few) special factories. 
Grinding wheels and industrial diamonds are typical : 
they are in common use but as they are not made in 
general engineering shops, few engineers know how 
they are made or prepared for use. Perhaps, in those 
cases, it is of no great consequence, provided the tools 
are used correctly ; but consider the case of ball and 
roller bearings. As these bearings are in parts 
of the majority of machines with which the mechanical 
engineer is concerned, the selection of the right type 
and size of bearing, and a knowledge of the manufac- 
turing processes and limits of accuracy, are of interest 
and importance to him. 

In this and subsequent articles we propose to describe 
the manufacture of ball and parallel-roller bearings, as 
carried out by the Hoffmann Manufacturing Company, 
Limited, at their works at Chelmsford, Essex. Thro 
the courtesy of the firm we have seen every stage of 
manufacture. If we had any preconceived idea that 
ball and roller bearings were simple things, and that 
therefore they were simple to make, it was quickly 
abandoned. Numerous processes are employed, and the 
inspections carried out at every stage of manufacture 
are most thorough. The articles will be particularly 
appropriate at the present time as the firm celebrates 
this year the fiftieth anniversary of its foundation. 

Some typical ball and roller bearings are shown by 
half cross-sections in Figs. 1 to 13, on page 536. Fig. 1 
shows a deep-groove single-row ball bearing of the rigid 
type (i.e., not self-aligning), designed for journal loads. 
The radius of curvature of the tracks, in cross-section, is 
slightly greater than that of the balls; the manufac- 
turing tolerance specifies that the radius of the track 
mu t be between 2} and 5 per cent. greater than the 
radius of the ball. This ensures true rolling of the balls 
on the tracks, contact being made by diametrically 
opposite points on the ball. The standard bearings 
are made without a filling slot; the balls are inserted 
by placing the inner race eccentrically within the 
ou er race, and the wide space left between them is 
usually sufficient to allow a number of balls—equivalent 
to the number which occupy half the circumference 

lus one—to be inserted. The balls are separated by a 
Soon cage which is made in two halves and riveted 
together, and is designed to allow the bearing to 
be run with a minimum of friction in either the vertical 


the contact between the 


moderate thrust load ; indeed, such bearings are norm- 


mounted on roller bearings. 


mounting, is shown in half cross-section in Fig. 2. 


which is subsequently clamped by a grub screw. 


certainly cause comparatively rapid wear. 
A deep-groove double-row 


practice is usually to fit a roller 
external dimensions as the double-row ball 


loads is shown in 
tracks and the track of the outer race forms 





Admiralty, Queen Anne’s Mansions, London, S.W.1. 


or horizontal positions. It will be appreciated that | drawi 
cage and the balls gives | be hel ‘ 
rise to a very slight friction—virtually the only friction | case of the ball bearing. Both the outer and inner 
in the bearing—which is small because the cage |races have grooved tracks to ensure that the outer 
carries no direct load, apart from that due to its own|race is lined up with the inner race. The bearing 
weight. The single-row rigid bearing will also carry a | is designed for journal load only, and if there is any 


bearing of the rigid 
type for journal loads is shown in Fig. 3. The two | rollers, without a cage. The length of a needle roller 
rows of balls will carry a greater load than one row, | is generally about five times its diameter. 

but will not carry twice the load, because, no matter 
how small the manufacturing tolerances are, there is| which a few are illustrated in Figs. 11 to 13. The 
always one row which has slightly less running clearance | balls are spaced 
than the other, and it therefore tends to take more | anti-friction alloy, which is designed to float freely 
than half the load. Thus, where the load to be borne |on the balls without touching the races. Fig. 11 
exceeds the capacity of a single-row ing, the best | shows a single-thrust bearing in which one race with 
bearing of the same | a spherical seati 


bearing. 
A double-row self-aligning ball bearing for journal 


of a sphere. The cage is in one piece, with the two} but without the “ wall.” 


of the type shown in Fig. 5 can be used to take 

and thrust loads. The inner race of this bearing 
has a bore—in contrast to an otherwise similar 
bearing with a taper bore for mounting on a taper 
sleeve and nut—and it is clamped between two distance 
pieces by a nut on the shaft. The bearing is generally 
similar to a single-row rigid ball bearing, but the 
outer race is spherical on the outside and fits in a 
spherical housing. The end covers, which are fitted 
on each side of the bearing, within the housing, swivel 
with the outer race and maintain a fine running clear- 
ance with the rotating parts, irrespective of the angle 
of alignment. The bores of the covers are provided 
with sealing grooves. 

A ball bearing which will take a combined journal 
and uni-directional thrust load is shown in Fig. 6. 
It is known as an angular-contact single-row bearing 
because the points of contact between the balls and 
tracks do not lie in a direction perpendicular to the 
axis of the shaft. The outer race is not detachable, 
and, where thrust is to be taken in both directions, 
a pair of angular-contact bearings are mounted in 
opposite directions. A two-direction thrust and 
journal ball bearing—otherwise a “ duplex bearing ”’— 
is shown in Fig. 7. The outer race is made in two 
parts, as shown, and, according to the direction of 
thrust, the balls roll on one or other ; similarly, the balls 
run on one or other of the two angular tracks on the 
inner race. To ensure true rolling and minimum fric- 
tion, a small amount of end play is provided, and, owing 
to this feature, the bearing is used only in cases where 
the thrust is always greater than the journal load. 
Duplex bearings are also made with a split inner race, 
but the split outer race is generally preferred because 
a greater number of balls can be inserted. 

There are three basic types of Hoffmann roller bear- 
ings: the rigid roller journals, the self-aligning roller 
journals, and the needle-roller bearings. A typical 
rigid roller bearing for journal loads is illustrated in 
Fig. 8. It will carry 50 to 100 per cent. more load 
than a ball bearing of the same principal dimensions. 
The inner race has a groove in which the rollers travel, 
but the outer race is plain, apart from a slight flare 
in the bore to facilitate assembly. Such a bearing 
will not resist thrust. In certain cases where there 
is no permanent thrust, the shaft can be held longi- 
tudinally by one of several types of roller bearings 
which have AD gay in both races. Where there is 
moderate ti , & deep-groove single-row ball bearing 
of the rigid type (Fig. 1) can be used in conjunction with 
the roller bearing, the ball bearing being housed so as 
to take no journal load. For continuous thrust of an 
appreciable magnitude, however, a ball thrust bearing 
is used. The roller-separating of a rigid roller 
journal is machined from extruded bar, and is in two 
pieces—the cage proper and a cover—which are riveted 


er. 

A self-aligning roller journal is illustrated in Fig. 9° 
The self-aligning principle is similar to that employed 
in the self-aligning ball bearing (Fig. 2), and although 
a taper clamping sleeve and nut are shown in the 
, the inner race can have a parallel bore and 
by two distance pieces and a nut, as in the 


thrust bearing. Alternatively, a self-aligning coins 
journa 


end thrust it must be resisted by other means, as 


ally used to resist the thrust load in a shaft which is | described for the rigid-type roller bearing. The bearing, 


i.e., the rigid assembly consisting of the two races, 


A deep-groove single-row ball bearing for journal | rollers and cage, can be removed from the self-aligning 
loads, but with a taper clamping sleeve and nut for | housing by turning it through 90 deg., so that it is in 


line with two slots diametrically opposite each other 


The sleeve is split and is drawn up by a hexagon nut | on one side of the housing, one of which is indicated by 


a dotted line in Fig. 9. The complete bearing is, of 


This arrangement, of course, does not distort the inner | course, assembled in this manner, but the manufac- 
race. The races of ball and roller bearings—especially | turers strongly recommend that it should not be 
those of comparatively light cross-section—are easily | separated unless it is absolutely n 

distorted, and it is therefore most important to ensure 
that the housings and seatings are truly cylindrical, and|in Fig. 10. These bearings are particularly suitable 
the shoulders are square with the axis. Faulty mount-|for oscillating motion or for cases where the load 
ing may cause one of the races to creep, and will|or speed fluctuates continuously. The inner race 


A needle-roller bearing is shown in cross-section 


is plain and the outer race has a shallow grooved 
track which is filled almost completely by the needle 


There are numerous types of ball thrust bearings, of 
by a solid one-pi 


piece cage of yellow 


is supported in a housing. Single- 
thrust single-row bearings are also made with two 
** flat” races (i.e., both races similar to the upper race 


Fig. 4. The inner race has two|in Fig. 11); as in Fig. 11, but without the housing; 


and with a seating ring similar to the housing in Fig. 11, 


Except in the case of the 





rows of balls staggered. Thrust loads cannot be carried | bearing with two flat races, the seating face of the lower 
by this bearing, but must be resisted by a separate | race is in all cases spherical, to ensure proper alignment. 
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A suitable journal bearing is always mounted adjacent 
to a ball thrust bearing to ensure that the two races are 
held concentric. 

Where the load capacity of a single-thrust single-row 
bearing is insufficient, a double-row bearing is used. 
This type of bearing will very heavy loads, such 
as those in railway locomotive turntables. In the 
arrangement shown in Fig. 12, the upper tracks are 
formed in a one-piece race, but the lower tracks are 
in separate races, which are supported on a ring 
having angular faces on the top and a flat face on 
the bottom. This ring is made elastic by means 
of a number of radial slots cut alternately from the 
bore and periphery, which extend almost through the 
section. Thus the ring distributes the load between 
the two lower races in proportion to the number of 
balls in each track. These double-row thrust bearings 
are also made with two plain lower races which rest on 
linoleum or lead packing. There are several types of 
ball bearings for taking thrust in both directions; a 
typical example is illustrated in Fig. 13. The prin- 
ciple of the bearing will be apparent from the drawing, 
but it should be noted that the stationary races have 
spherical seatings to ensure that they are correctly 


neral idea 


e foregoing descriptions give only a 
offmann and roller 


of the numerous types of H 
bearings. On any one day there are approximately 
6,000 different types and sizes in production, although 
over a period, say, a year, many more than this are 
produced. There are, of course, certain standard sizes 
which are in constant demand, others which are made 
intermittently, and non-standard bearings which are 
made to suit special requirements. About 146 bearing 
sizes represent 68 per cent. of the total number of 
bearings produced and 33 per cent. of the value. 
Advice on the selection and use of ball and roller 
bearings, for which the manufacturer should be con- 
sulted, is not included here, but it will be appreciated, 
when reference has been made to the fine tolerances 
and fits, that the accuracy of the mountings should be 
comparable with that of the bearings if the full advan- 

are to be realised. 

The machines emplo: in the manufacture of ball 
and roller bearings include several which are special- 
purpose machines, rarely, if ever, used outside the 
industry. Inspection methods have been brought to 
a high standard, but it is interesting to note how, in 
the final tests the acceptance or rejection of the races, 
balls and rollers depends on vision, generally unaided, 
and sense of touch of an experienced examiner. 

The races of bearings up to 3} in. in diameter are 
turned from solid steel bar in automatic lathes. Above 
that size they are forged and then turned. (The basic 
dimension of a bearing is the outside diameter of the 
outer race.) Balls up to { in. in diameter are formed in 
cold-heading machines from steel wire, and above that 
size are hot forged. Rollers are cut from wire or rod. 
Cages are made from free-machining brass or bronze 
(generally in the form of thick-walled tubes), or pressed 
from steel or brass strip. Where necessary, they are 
riveted together with mild-steel wire. The two prin- 
cipal types of steel used for races, balls and rollers are 
a straight low-carbon steel, which is carburised, and an 
alloy steel containing 1-0 per cent. carbon and 1-5 per 
cent. chromium. The alloy steel is used for the races 
of bearings below 4 in. in diameter, and for all balls 
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and rollers, and the carburising steel is used for the 

races. It would not practicable to use 
carburising steel for the smaller races because the 
carburised layer in the track would reach to that on 
the opposite side of the race and, as a result, there 
would be no tough core of uncarburised steel at that 
section. The heat treatment of these steels will be 
described in more detail later. Special alloy steels are 
also employed for some applications. For example, 
chides teal mang be wied tor beatings whieh ren ie 
dyeing liquids, and other alloy steels for very large 


races. 

Constant liaison between the Hoffmann Manufac- 
turing Company and their steel makers and the vir- 
tually continuous provision of steel, have enabled the 
steel makers to develop an intimate appreciation of 
the metallurgical requirements. Nevertheless, a sample 
from every cast of steel, from which bars for i 
will be made, is sent y ben makers for approval before 
delivery of the main batch. The usual physical tests 
are carried out, and annealing tests, hardness tests, 
examinations of micro-structures and tests for harden- 
ing properties are also undertaken. 

The forging of the larger races (for bearings over 
34 in. in diameter) is done in a press which is illustrated 
in Fig. 18, on page 540. It has two sets of dies, for 
the first and second operations, and the bar is raised 
from the first to the second position and supported 
during forging by a hydraulically-operated carrier 
which has a number of rollers. The end of the bar is 
heated to a temperature of between 1,050 deg. and 
1,200 deg. C., and is slung into the first set of dies, 
where the end is up-set to form a head, as shown in 
Fig. 16, opposite. The dies are split, so that when 
they are opened the bar can be raised to the second set 
of dies, where a ram-like tool punches the bar out of 
the formed head, leaving a ring or race. This operation 
is shown half completed in Fig. 16, while Fig. 18 shows 
the press open with the operators ready ‘to raise the 
bar to. the second set of dies. The short unworkable 
length of bar which is left on the end of the bar is 
flash-welded to a new bar to avoid waste, but the 
three rings nearest to the area of the weld are scrapped. 
The forged rings are then ground to remove the ing, 
and afterwards tumbled to remove scale. They are 
annealed by slowly cooling from 800 deg. C. over the 
week-end in which are used for carburising 
during the week. Groups of four automatic lathes, 
with tungsten-carbide tools, are used for turning and 
boring the rings, thus: (1) ro turn outside and 
rough face one side; (2) rough bore, and rough face 
other side; (3) and (4) finish similarly. The tracks 
are then machined by a form tool for inner races 
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and a profile tool for the outer races. Subsequent 
operations on forged races correspond with those on 
races turned from the bar, the production of which is 
described below from the first operation. 

Those races which are machined from bar are turned 
in pairs—inner and outer—in six-spindle automatic 
lathes. The sequence of operations is illustrated in 
Fig. 17, opposite, starting at the lower left-hand corner. 
The end of the bar having been formed and drilled at 
the sixth position of the previous machining cycle, a 
broad tool finish turns the periphery of the outer race, 
while a combined D-bit and trepanning tool is fed into 
the bar for half the width of the races. In the second 
position, another D-bit and trepanning tool completes 
those operations. In the third position the outer race 
is off and then removed by a _ tube-type 
“ stripper,” while the bore of the partly formed inner 
race is reamered. In the fourth position, a radius is 
formed on the end of the inner race bore ; the periphery 
of the inner race is turned with a form tool; and the 
rough bar is skimmed with a turning tool for half the 
width of a race, in readiness for the next cycle. The 
inner race is parted off and the skimming of the rough 
bar is completed in the fifth position, and in the sixth 
position the bar is fed up to the stop, drilled for the 
inner race, and rough formed for the outer race. 

A typical set of gauges for the periodic inspection 
of races produced on the automatic lathes is shown 
in Fig. 14, opposite. These gauges are conveniently 

laced between parallel rows of automatic lathes. 
The large inclined plate in the centre of the illus- 
tration incorporates gauges for the inner race, i.e., 
“go” and “not go”’ for the track diameter, on the 
left-hand side; “go” and “not go” for the outside 
diameter, in the middle of the plate; and “go” and 
“ not go” for the width or thickness of the race, on the 
right-hand side. On the left of the illustration there is 
a dial indicator for the outside diameter of the outer 
race (taper error is measured by turning the race over 
on the support); below the inclined plate there are 
“go” and “ not go ” gauges for the width of the outer 
race; and on the right there are gauges for the bores 
of both races. 

The outer races are then stamped with the makers’ 
various identification marks, and passed to a second- 
operation automatic chucking lathe. Here the track 
inside is formed, the race is finish bored and the radius 
on the exposed edge of the bore is formed. In a third 
operation, in another automatic lathe, the radius on 
the other edge of the bore is turned. Meanwhile, the 
inner races are to a chucking machine, where the 
agra face is finished and the bore radius formed. 

he identification marks are then stamped on the inner 
races, and all races are ready for heat treatment. 
First, however, they are degreased and sent to a 
“ batching ”’ store. 

The heat treatment of races depends, of course, on 
which steel has been used. The smaller races, which 
are made of chrome-carbon steel, are hardened in oil 
from about 800 deg. C., and then tempered in circula- 
ting-air furnaces from about 125 to 150 deg. C., being 
allowed to soak for two to four hours. The larger races, 
which are made of low-carbon steel, are pack car- 
burised in a bone-charcoal compound at 950 deg. C., 
the duration being between 25 and 100 hours, depend. 
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ing on the size of the races. They are then normalised 
from 900 deg. C., and hardened and tempered. After 
heat-treatment all races are shot-blasted. 

The outer races are ground on the faces first, either 
on a Gardner machine, which grinds both faces simul- 
taneously, or on a Blanchard machine, as shown in 
Fig. 19, on page 540. With this machine the races 
are fed on to a magnetic chuck which rotates slowly 
beneath the grinding wheel, the axes of both being 
vertical. Afterwards, they are inspected for width 
by sampling. The advertised tolerance for width is 
“nominal to — 0-002 in.,” but the manufacturing 
tolerance is generally half this amount. The outer 
races are then rough ground on the periphery in a 
centreless grinding machine, the operator passing them 
through as shown in Fig. 20, on page 540. The pre- 
viously ground faces ensure that the races pass through 
reasonably truly, but for the finish grinding they are 
mounted in batches on an arbor. They are then 
inspected visually for finish, and each batch, *while 
on the grinding arbor, is checked at both ends 
and at the middle for size and circularity with a dial 
indicator set to size. This method of checking on 
an arbor is also a convenient method of ensuring 
that there is no taper in the outside diameter 
of individual races. The grinding tolerance on the 
outside diameter depends on the size of the bearing ; 
for example, below 2 in. diameter it is — 0-0003 
in. to — 0-0008 in., and above 5 in. diameter it 
is — 0-0013 in. to — 0-0018 in. At this stage 
the outer races are wiped clean and dipped in oil 
to preserve them until required for the next operation. 
The tracks of the outer races are ground in self- 
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generating machines of the firm’s own manufacture 
or of the Van Norman type. One of the latter is shown 
in use in Fig. 21, on page 540. In this case a fairly 
large race is gripped at a number of points to prevent 
distortion, the workhead swinging about an axis to 
generate the curvature of the track. 

A comprehensive inspection of the outer races now 
takes place. A complete inspection (i.e., of all races) 
is made for hardness by rolling the race on a bench, 
using @ scraper the cutting edge of which is slightly 
more rounded than the track. This simple test will 
reveal the presence of soft spots in the hardened track 
if the edge ot the scraper collects any fine particles 
of steel. A sample inspection is made of the curvature 
of tracks, using a double-ended ball gauge. The 
radius of one end represents the upper limit of the 
tolerance (5 per cent. more than the radius of the 
bearing ball), and that of the other end represents the 
lower limit (24 per cent. more). A fine smear of 
Prussian blue is used to check a track with this gauge. 
The diameter of the tracks of all outer races is tested 
by the method illustrated in Fig. 15, on this 
Several balls are placed in the race, and the depth to 
which a truncated-cone piece can be inserted between 
the balls by means of a lever mechanism is a compara- 
tive method of checking the diameter. The inclination 
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Fic. 15. Tracx-DrameTeR COMPARATOR. 


of the cone surface to the vertical is 1 in 10, and as the 
dial gauge is graduated in thousandths of an inch, 
the diameter is checked to within 0-0001 in. Sample 
tests are made for the central position of the track 
in the race, for “ wobble” and concentricity, and a 
complete visual inspection is made for any obvious 
faults. A track may be said to have “‘ wobble ” if it is 
not accurately in a plane at right angles to the axis of 
the race. The definition of “‘ wobble” in a bearing is 
given in B.S. No. 292 : 1927, which also gives standard 
dimensions for ball and roller bearings. 

The tracks of the outer races are lapped by placing 
each race in a simple collet, and while it rotates 
a leather-ended piece of wood, impregnated with fine 
abrasive in paraffin, is pressed on to the track 
and rocked. The outer races are then de-magnetised. 
The time intervals between the various stages in manu- 
facture vary, but are sufficient to allow any effects of 
ageing, or of slight distortion due to grinding, to 
become stabilised before a final inspection, which also 
incorporates grading in sizes of track diameter. The 
inspection is of all outer races, and includes the outside 
diameter, for size and cylindrical form; the width ; 
the track diameter; and a visual examination for 
flaws, rust, stains, damage, etc. The track dia- 
meter is measured by the method shown in Fig. 15, and 
the races of a particular nominal size are graded by 
0-0001 in. The illustration shows several piles of 
races, each pile being of a certain size, whieh is indicated 
on a ticket. The significance of grading will be 
apparent when the grinding of inner races and the 
matching of inners to outers have been described. 
After the final inspection the outer races are dipped 
in a preservative fluid and stored until the corresponding 
inner races are available for assembly. 


(To be continued.) 





MonpD NICKEL FELLOWSHIPS.—Three awards of the 
Mond Nickel Fellowship have been made this year, 
namely, to Mr. S. G. Campbell, of the Plessey Company, 
Limited ; to Mr. S. G. Garvin, of Murex, Limited; and 
to Mr. A. I. Nussbaum, of Thos. Firth and John Brown, 
Limited. The fellowships, it may be recalled, are 
awarded to enable selected persons to. pursue training 
which will make them better capable of applying the 
results of research to the problems and processes of the 
British metallurgical and metal-using industries, and to 
assist. persons having qualifications’ in metallurgy to 
obtain additional training helpful in enabling them 
ultimately to assume executive and administrative posi- 


. | tions in these industries. The Mond Nickel Fellowships 


Committee, at a later date, will invite applications for 
awards for 1949. Full particulars regarding the Fellow- 
ship can be obtained from the secretary of the Committee, 
4, Grosvenor-gardens, London, S.W.1. 
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A suitable journal bearing is always mounted adjacent 
to a ball thrust bearing to ensure that the two races are 
held concentric. 

Where the load capacity of a single-thrust single-row 
bearing is insufficient, a double-row bearing is used. 
This type of bearing will carry very heavy loads, such 
as those in railway locomotive turntables. In the 
arrangement shown in Fig. 12, the upper tracks are 
formed in a one-piece race, but the lower tracks are 
in separate races, which are ported on a ring 
having angular faces on the top and a flat face on 
the bottom. This ring is made elastic by means 
of a number of radial slots cut alternately from the 
bore and periphery, which extend almost through the 
section. Thus the ring distributes the load between 
the two lower races in proportion to the number of 
balls in each track. These double-row thrust bearings 
are also made with two plain lower races which rest on 
linoleum or lead ing. There are several types of 
ball bearings for taking thrust in both directions; a 
typical example is illustrated in Fig. 13. The prin- 
ciple of the bearing will be apparent from the drawing, 
but it should be noted that the stationary races have 
spherical seatings to ensure that they are correctly 
aligned. 


The foregoing descriptions give only a general idea 
of the numerous types of Hoffmann and roller 
bearings. On any one day there are approximately 
6,000 different types and sizes in production, although 
over a period, say, a year, many more than this are 
produced. There are, of course, certain standard sizes 
which are in constant demand, others which are made 
intermittently, and non-standard i which are 
made to suit special requirements. About 146 bearing 
sizes represent 68 per cent. of the total number of 
bearings produced and 33 per cent. of the value. 
Advice on the selection and use of ball and roller 
bearings, for which the manufacturer should be con- 
sulted, is not included here, but it will be appreciated, 
when reference has been made to the fine tolerances 
and fits, that the accuracy of the mountings should be 
comparable with that of the bearings if the full advan- 
— are to be realised. 

e machines emplo in the manufacture of ball 
and roller bearings include several which are special- 
purpose machines, rarely, if ever, used outside the 
industry. Inspection methods have been brought to 
a high standard, but it is interesting to note how, in 
the final tests the acceptance or rejection of the races, 
balls and rollers depends on vision, generally unaided, 
and sense of touch of an experienced examiner. 

The races of bearings up to 3} in. in diameter are 
turned from solid steel bar in automatic lathes. Above 
that size they are forged and then turned. (The basic 
dimension of a bearing is the outside diameter of the 
outer race.) Balls up to { in. in diameter are formed in 
cold-heading machines from steel wire, and above that 
size are hot forged. Rollers are cut from wire or rod. 
Cages are made from free-machining brass or bronze 
(generally in the form of thick-walled tubes), or pressed 
from steel or brass strip. * Where necessary, they are 
riveted together with mild-steel wire. The two prin- 
cipal types of steel used for races, balls and rollers are 
a straight low-carbon steel, which is carburised, and an 
alloy steel containing 1-0 per cent. carbon and 1-5 per 
cent. chromium. The alloy steel is used for the races 
of bearings below 4 in. in diameter, and for all balls 
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and rollers, and the carburising steel is used for the 

races. It would not practicable to use 
carburising steel for the smaller races because the 
carburised layer in the track would reach to that on 


the opposite side of the race and, as a result, there 
would be no tough core of uncarburised steel at that 
section. The heat treatment of these steels will be 


described in more detail later. Special alloy steels are 
also employed for some applications. For example, 
stainless steel may be used for bearings which run in 
dyeing liquids, and other alloy steels for very large 


Taces. 

Constant liaison between the Hoffmann Manufac- 
turing Company and their steel makers and the vir- 
tually continuous provision of steel, have enabled the 
steel makers to develop an intimate appreciation of 
the metallurgical requirements. Nevertheless, a sample 
from every cast of steel, from which bars for bearings 
will be made, is sent by the makers for approval before 
delivery of the main batch. The usual physical tests 
are carried out, and annealing tests, hardness tests, 
examinations of micro-structures and tests for harden- 
ing properties are also undertaken. 

The forging of the larger races (for bearings over 
3} in. in diameter) is done in a press which is illustrated 
in Fig. 18, on page 540. It has two sets of dies, for 
the first and second operations, and the bar is raised 
from the first to the second position and supported 
during forging by a hydraulically-operated carrier 
which has a number of rollers. The end of the bar is 
heated to a temperature of between 1,050 deg. and 
1,200 deg. C., and is slung into the first set of dies, 
where the end is up-set to form a head, as shown in 
Fig. 16, opposite. The dies are split, so that when 
they are opened the bar can be raised to the second set 
of dies, where a ram-like tool punches the bar out of 
the formed head, leaving a ring or race. This operation 
is shown half completed in Fig. 16, while Fig. 18 shows 
the press open with the operators ready ‘to raise the 
bar to. the second set of dies. The short unworkable 
length of bar which is left on the end of the bar is 
flash-welded to a new bar to avoid waste, but the 
three rings nearest to the area of the weld are scrapped. 
The forged rings are then ground to remove the flashing, 
and afterwards tumbled to remove scale. They are 
annealed by slowly cooling from 800 deg. C. over the 
week-end in furnaces which are used for carburising 
during the week. Groups of four automatic lathes, 
with tungsten-carbide tools, are used for turning and 
boring the rings, thus: (1) ro turn outside and 
rough face one side; (2) rough bore, and rough face 
other side; (3) and (4) finish similarly. The tracks 
are then machined by a form tool for inner races 
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and a profile tool for the outer races. Subsequent 
operations on forged races correspond with those on 
races turned from the bar, the production of which is 
described below from the first operation. 

Those races which are machined from bar are turned 
in inner and outer—in six-spindle automatic 
lathes. The sequence of operations is illustrated in 
Fig. 17, opposite, starting at the lower left-hand corner. 
The end of the bar having been formed and drilled at 
the sixth position of the previous machining cycle, a 
broad tool finish turns the periphery of the outer race, 
while a combined D-bit and trepanning tool is fed into 
the bar for half the width of the races. In the second 
position, another D-bit and trepanning tool completes 
those operations. In the third position the outer race 
is parted off and then removed by a tube-type 
“ stripper,” while the bore of the partly formed inner 
race is reamered. In the fourth position, a radius is 
formed on the end of the inner race bore ; the periphery 
of the inner race is turned with a form tool; and the 
rough bar is skimmed with a turning tool for half the 
width of a race, in readiness for the next cycle. The 
inner race is parted off and the skimming of the rough 
bar is completed in the fifth position, and in the sixth 
position the bar is fed up to the stop, drilled for the 
inner race, and rough formed for the outer race. 

A typical set of gauges for the periodic inspection 
of races produced on the automatic lathes is shown 
in Fig. 14, opposite. These gauges are conveniently 

laced between parallel rows of automatic lathes. 
The large inclined plate in the centre of the illus- 
tration incorporates gauges for the inner race, i.e., 
“go” and “not go” for the track diameter, on the 
left-hand side; “‘ go” and “not go” for the outside 
diameter, in the middle of the plate; and “ go” and 
“ not go ” for the width or thickness of the race, on the 
right-hand side. On the left of the illustration there is 
a dial indicator for the outside diameter of the outer 
race (taper error is measured by turning the race over 
on the support); below the inclined plate there are 
“go” and “ not go” gauges for the width of the outer 
race; and on the right there are gauges for the bores 
of both races. 

The outer races are then stamped with the makers’ 
various identification marks, and passed to a second- 
operation automatic chucking lathe. Here the track 
inside is formed, the race is finish bored and the radius 
on the exposed edge of the bore is formed. In a third 
operation, in another automatic lathe, the radius on 
the other edge of the bore is turned. Meanwhile, the 
inner races are to a chucking machine, where the 
eters face is finished and the bore radius formed. 

e identification marks are then stamped on the inner 
races, and all races are ready for heat treatment. 
First, however, they are degreased and sent to a 
“* batching ”’ store. 

The heat treatment of races depends, of course, on 
which steel has been used. The smaller races, which 
are made of chrome-carbon steel, are hardened in oil 
from about 800 deg. C., and then tempered in circula- 
ting-air furnaces from about 125 to 150 deg. C., being 
allowed to soak for two to four hours. The larger races, 
which are made of low-carbon steel, are pack car- 
burised in a bone-charcoal compound at 950 deg. C., 
the duration being between 25 and 100 hours, depend. 
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ing on the size of the races. They are then normalised 
from 900 deg. C., and hardened and tempered. After 
heat-treatment all races are shot-blasted. 

The outer races are ground on the faces first, either 
on a Gardner machine, which grinds both faces simul- 
taneously, or on a Blanchard machine, as shown in 
Fig. 19, on page 540. With this machine the races 
are fed on to a magnetic chuck which rotates slowly 
beneath the grinding wheel, the axes of both being 
vertical. Afterwards, they are inspected for width 
by sampling. The advertised tolerance for width is 
“nominal to — 0-002 in.,” but the manufacturing 
tolerance is generally half this amount. The outer 
races are then rough ground on the periphery in a 
centreless grinding machine, the operator passing them 
through as shown in Fig. 20, on page 549. The pre- 
viously ground faces ensure that the races pass through 
reasonably truly, but for the finish grinding they are 
mounted in batches on an arbor. They are then 
inspected visually for finish, and each batch, *while 
on the grinding arbor, is checked at both ends 
and at the middle for size and circularity with a dial 
indicator set to size. This method of checking on 
an arbor is also a convenient method of ensuring 
that there is no taper in the outside diameter 
of individual races. The grinding tolerance on the 
outside diameter depends on the size of the ing ; 
for example, below 2 in. diameter it is — 0-0003 
in. to — 0-0008 in., and above 5 in. diameter it 
is — 0-0013 in. to — 0-0018 in. At this stage 
the outer races are wiped clean and dipped in oil 
to preserve them until required for the next operation. 
The tracks of the outer races are ground in self- 
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generating machines of the firm’s own manufacture 
or of the Van Norman type. One of the latter is shown 
in use in Fig. 21, on page 540. In this case a fairly 
large race is gripped at a number of points to prevent 
distortion, the workhead swinging about an axis to 
generate the curvature of the track. 

A comprehensive inspection of the outer races now 
takes place. A complete inspection (i.e., of all races) 
is made for hardness by rolling the race on a bench, 
using @ scraper the cutting edge of which is slightly 
more rounded than the track. This simple test will 
reveal the presence of soft spots in the hardened track 
if the edge ot the scraper collects any fine particles 
of steel. A sample inspection is made of the curvature 
of tracks, using a double-ended ball gauge. The 
radius of one end represents the upper limit of the 
tolerance (5 per cent. more than the radius of the 
bearing ball), and that of the other end represents the 
lower limit (2} per cent. more). A fine smear of 
Prussian blue is used to check a track with this gauge. 
The diameter of the tracks of all outer races is tested 
by the method illustrated in Fig. 15, on this 
Several balls are placed in the race, and the depth to 
which a truncated-cone piece can be inserted between 
the balls by means of a lever mechanism is a compara- 
tive method of checking the diameter. The inclination 
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Fic. 15. Tracx-Drameter COMPARATOR. 


of the cone surface to the vertical is 1 in 10, and as the 
dial gauge is graduated in thousandths of an inch, 
the diameter is checked to within 0-0001 in. Sample 
tests are made for the central position of the track 
in the race, for “ wobble” and concentricity, and a 
complete visual inspection is made for any obvious 
faults. A track may be said to have “‘ wobble ” if it is 
not accurately in a plane at right angles to the axis of 
the race. The definition of “‘ wobble” in a bearing is 
given in B.S. No. 292 : 1927, which also gives standard 
dimensions for ball and roller bearings. 

The tracks of the outer races are lapped by placing 
each race in a simple collet, and while it rotates 
a leather-ended piece of wood, impregnated with fine 
abrasive in paraffin, is pressed on to the track 
and rocked. The outer races are then de-magnetised. 
The time intervals between the various stages in manu- 
facture vary, but are sufficient to allow any effects of 
ageing, or of slight distortion due to grinding, to 
become stabilised before a final inspection, which also 
incorporates grading in sizes of track diameter. The 
inspection is of all outer races, and includes the outside 
diameter, for size and cylindrical form; the width; 
the track diameter; and a visual examination for 
flaws, rust, stains, damage, etc. The track dia- 
meter is measured by the method shown in Fig. 15, and 
the races of a particular nominal size are graded by 
0-0001 in. The illustration shows several piles of 
races, each pile being of a certain size, whieh is indicated 
on a ticket. The significance of grading will be 
apparent when the grinding of inner races and the 
matching of inners to outers have been described. 
After the final inspection the outer races are dipped 
in a preservative fluid and stored until the corresponding 
inner races are available for assembly. 


(To be continued.) 





MonpD NICKEL FELLOWSHIPS.—Three awards of the 
Mond Nickel Fellowship have been made this year, 
namely, to Mr. S. G. Campbell, of the Plessey Company, 
Limited ; to Mr. 8S. G. Garvin, of Murex, Limited; and 
to Mr. A. I. Nussbaum, of Thos. Firth and John Brown, 
Limited. The fellowships, it may be recalled, are 
awarded to enable selected persons to. pursue training 
which will make them better capable of applying the 
results of research to the problems and processes of the 
British metallurgical and metal-using industries, and to 
assist persons having qualifications’ in metallurgy to 
obtain additional training helpful in enabling them 
ultimately to assume executive and administrative posi- 


page. | tions in these industries. The Mond Nickel Fellowships 


Committee, at a later date, will invite applications for 
awards for 1949. Full particulars regarding the Fellow- 
ship can be obtained from the secretary of the Committee, 
4, Grosvenor-gardens, London, S.W.1. 
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CONTRACTS. 


MEssrs. G. F. TOMLINSON AND Sons, Limrrep, Derby; 
have been awarded a contract by British Railways 
(London Midland Region) for the construction of remote- 
control rail-brake pits, a subway and pipe ducts in con- 
nection with the modernisatiou of Toton “ up ” sidings. 


MEsSRS. MARCON?’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
received an order from the Government of Saudi Arabia 
for short-wave transmitters suitable for operation on 
telegraphy or radio-telephony and to be used to link 
up the principal cities in Saudi Arabia in a comprehensive 
communications network. The transmitters incorporate 
several new features including automatic sé@lection of 
predetermined frequencies. 


MESSRS. THE GENERAL ELECTRIC CoMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, are to supply 
single-screw propulsion equipment for three oil tankers 
under construction for the Eagle Oil and Shipping Com- 
pany, Limited, which have an overall length of 530 ft. 
and a beam of 69 ft. Each propulsion motor comprises 
a 3-3 kV salient-pole machine, 9.000 s.h.p. at 124 r.p.m., 
supplied from a turbo-alternator giving an output of 
7,000 KW at 3,230 r.p.m., 53-8 cycles. Auxiliary power 
at 220 volts is supplied by two 400-kW, direct-current, 
geared turbo-generators running at 1,000 r.p.m. — 


Messrs. THE NortTH BRITISH LOCOMOTIVE COMPANY, 
LIMITED, in association with the GENERAL ELECTRIC 
Company, LiIM?freD as supplier of the electrical equip- 
ment, have received an order for eight 625-h.p. Diesel- 
electric shunting locomotives for the Ceylon Government 
Railway. The locomotives are carried on two four- 
wheel bogies, with ali axles driven. The maximum trac- 
tive effort is 35,000 Ib., at up to 4 m.p.h. The power 
unit consists of a turbo-charged Diesel engine supplied 
by Messrs. DavEY, PaxMAN AND Company, LIMITED, 
driving main and auxiliary generators. The length of 
the locomotives, over headstocks, is 34 ft., the maximum 
height 12 ft. 6 in., the maximum width 9 ft., the bogie 
wheelbase 8 ft., the total weight 52 tons, and the maxi- 
mum speed 20 m.p.h. 


THE BRITISH ELECTRICITY AUTHORITY, Great Portland- 
street, London, W.1, have placed contracts amounting, 
im the aggregate, to 4,026,5261., in the past month. 
These include: circulating water pipes for Deptford 
East power station with SrR WILLIAM ARROL AND Com- 
PANY, LIMITED; 3°3-kV aud 415-volt switchgear for 
Croydon “B” station and 132-kV 2,500-MVA switch- 
gear for Braehead (Glasgow) with A. REYROLLE AND 
CoMPaNny, LimITED ; 3,000 and 415-volt switchgear and 
accessories for Poole station with BRITISH THOMSON- 
Houston CoMPANY, Limirep ; Steelwork for Stourport 
“B” station with DoRMAN, LONG AND COMPANY, 
LIMITED ; a hyperbolic reinforced-concrete cooling tower 
for Huncoat (Accrington) station with BreERRUM AND 
PARTNERS, LIMITED; 66-kV 2,500 MVA switchgear for 
Islington substation with British THomMson-HovsToN 
CoMPANY, LIMITED; 132-kV and other cables for Bed- 
dington (Croydon), with PIRELLI-GENERAL CABLE WORES, 
Ligrepd ; the 275-kV Staythorpe to Bolsover Line and 
33 KV, 6-6 kV, and multicore cables for Wigan with 
BRITISH INSULATED CALLENDER’S CABLE, LIMITED ; 
45 MVA 132/33-kV transformers for Troste substation 
with C. A. PARSONS AND COMPANY, LIMITED; 132-kKV 
lines for Skelton Grange with WaTsHAM’s LIMITED, and 
33-kV lines for Hartshead to New Mills and Hartshead to 
Ashton-under-Lyne with J. L. EvE Construction Com- 
PANY, LIMITED. 





TOTALLY-ENCLOSED CHOKES AND TRANSFORMERS.— 
A new range of totally-enclosed chokes and transformers, 
which are said to be particularly suitable for use in indus- 
trial control gear, test apparatus and communications 
equipment, has been developed by the Plessey Company, 
Limited, Ilford, Essex. Only five sizes of heavy gauge 
steel container are used for the entire range and these 
are provided with standardised fixing centres. Protec- 
tion is effected by impregnation and bitumen filling : and 
the external connections to the windings are made by 
self-connecting lugs. 





Frum on Too. STEEL.—A 16-mm. sound-track film 
entitled “‘ Tools for the Job,” was shown at a Press view 
held at the British Council Film Theatre, 6, Hanover- 
street, London, W.1, om Wednesday, November 24, 
when Lord Riverdale, G.B.E., LL.D., presided. It 
lasted for about 40 minutes and showed processes 
involved in the production and testing of high-grade 
tool steel, as well as some of its everyday uses. The 
film has been prepared by Arthur Balfour and Company, 
Limited, 62, New Broad-street, London, E.C.2, in conjune- 
tion with Cimechrome Limited, Lansdowne House, 
Bournemouth, and it will be available for distribution 
to schools, works societies, and similar bodies both at 
home and abroad; foreign commentaries are being 
prepared. 





BRITISH STANDARD 


SPECIFICATIONS. 
Tue following publications of ineering interest 
have been issued by the British Standards + Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 
Use of Structural Steel in Building.—A third revision 
of B.S. No. 449 covering the use of structural steel in 
building, and first i in April, 1932, has now been 
published. One of the important features of the revi- 
sion is that the working stresses 
these having now been 
the steel. ‘The permiasible i 
in relation to tension, bending, 
and in connection My ve 
specification heaving 
welded construction. The 
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eres a comprehensive schedule 
or general use in the i img i ‘0. 
1449 has been prepared to @ similar com 

hensive schedule co steels commonly sup fied 
in the form of plate, sheet and strip. The new speci- 
fication, in effect, is an extension of, and should be 
regarded as a companion to, B.S. No. 970. The first 
section of the new publication covers general clauses 
and includes details of manufacture, methods of testing, 
the nature of the finish, and tolerances on dimensions. 
The second section gives the chemical composition and 
mechanical properties of each steel. [Price 2s. 6d., 


postage included. ] 
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BOOKS RECEIVED. 


The Status of the Foreman. A Code of Management 
Practice. Being Suggestions Arising from the Work 
of a Management Study Group. Published on behalf 
of the Industrial Administration Group and of the 

Institute of Industrial Supervisors. The Hon. 

Secretary, Industrial Administration Group of the 

Students’ Union, Birmingham Central Technical 

College, Suffolk-street, Birmingham. [Price 2s., post 

free.] 

New Ways of Building. Edited by Eric pE Maré. The 

Arehitectural Press, Limited, 9-13, Queen Anne’s-gate, 

Westminster, London, S.W.1. [Price 30s. net.] 

A History of Cast Iron in Architecture. By JoHN GLOAG 

and DEREK BRIDGWATER. George Allen and Unwin, 

Limited, Ruskin House, 40, Museum-street, London, 

W.C.1. [Price 63s. net.] 

Inleidend onderzoek naar het dynamisch gedrag van 

spoorstaven. By ANTON DAMMES DE PATER.  Uit- 

geverij Waltman, Hippolytusbuurt 4-6, Delft, Holland. 

(Price fl. 8.25.] 

Heating and Air Conditioning Equipment for Buildings. 

By F. BuRLACE TuRPIN. Sir Isaac Pitman and Sons, 

Limited, Parker-street, Kingsway, London, W.C.2. 

[Price 30s. net.] 

Ministry of Fuel and Power Statistical Digest, 1946 and 
1947. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. net.] 

The First Factory-Made Al Bung The 
Aluminium Development Association, 33, Grosvenor- 
gardens, London, W.1. [Price 2s. 6d.] 

Micromeritics. The Technology of Fine Particles. By 
J.M. DALLAVALE. Second edition. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 42s. 6d. net.} 

Department of Scientific and Industrial Research. Report 
of the Building Research Board. With the Report of 
the Director of Building Research for the Years 1940 to 
1945. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. 6d. net.] 

Physics in Industry. The Measurement of Stress and 
Strain in Solids. Based on the Proceedings of a Con- 
ference Arranged by the Manchester and District Branch 
of the Institute of Physics on 11, 12 and 13 July, 1946. 
The Secretary, The Institute of Physies, 47, Belgrave- 
square, London, S.W.1. [Price 17s. 6d, net.] 

Teamwork in Industry. By F. J. BurRNs Morton. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
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London, W.C.2. [Priee 18s. net.) 


PERSONAL. 


Mr. Roger DuNCALFE has been elected chairman of 
the General Council of the British Standards Institution, 
24-28, Victoria-street, London, S.W.1, in succession to 
the late Sm CLIFFORD PATERSON, F.R.S. MR. JOHN 
RYAN, M.C., has been elected chairman of the Finance 
Committee and Mr. H. J. Manzo, C.B.E., chairman of 
the Building Divisional Couneil in succession to Mr. 
SYDNEY TATCHELL, ©.B.E. 

Tue Sreex Company oF WaALzs, LireD, announce 
the following appointments in respect of their Abbey 
Works. Mr. H. H. Ascoven, at present assistant works 


‘manager, Port Talbot and Margam Works, is to be mills 


superintendent. Mr. James Lysaent, at present works 
manager, Orb Works, Newport, is to be manager of the 
sheet-mill department. These officials will assume their 
new duties during 1949. 


Mr. A. T. Grirrrra has been appointed to be the 
Principal Surveyor for Italy of *Lloyd’s Register of 
Shipping, 71, Fenchurch-street, London, B.C.3. 

Mr. C. P. Harrison, M.I.Mar.E., has been appointed 
manager of the Marine Department of the General 
Electric Company, Limited, Magnet House, Kingsway, 
Londen, W.0.2, im succession to Mr. C. WALLACE 
SAUNDERS, who retired recently. 

Dr. L. A. Beavroy, M.Sc. (Eng.) (Lond.), A.M.I.C.E., 
until recently Reader in Civil Engineering in the Univer- 
sity of London at King’s College, has been appointed 
Head of the Department of Surveying and Engineering 
at the College of Estate Management, 11, Great George- 
street, London, 8.W.1. 

Mr. Jonn Ayres, A.M.I.E.E., who joined the Brush 
Electrical Engineering Company, Limited, in January, 
1946, and was appointed works électrical in 
1947, has now been made a local direetor of the firm 
with the title of works director. 


Mr. W. D. Jewett, who was appointed export mana- 
ger of the Dominion Bridge Company, Limited, Mon- 
treal, Canada, in 1945, has been elected President of the 
Canadian Exporters’ Association. 


Messrs. Cox AND DANKS, LIMITED, Scapa House, 
Park Royal-road, London, N.W.10, announce that their 
South Wales branch is moving from Swansea to a nine- 
acre site at Neath. As from Monday, November 29, 
the new address is Scapa Works, Neath, Glamorgan. 
(Telephone : Neath 2505-8). Mr. W. R. JONES remains 
manager. 

Messrs. PHILIP AND Son, LIMITED, shipbuilders, 
Sandquay and Noss Engineering Works, Dartmouth, 
announce that they have removed their London office 
from 5, Fenchurch-street, E.C.3, to 131, Victoria-street, 
S.W.1. (Telephone: VICtoria 7971; telegraphic 
address : Dredgeable, Sowest, London.) 


Messrs. THE ROCKWELL MACHINE TOOL COMPANY, 
LIMITED, Second Way, Exhibition Grounds, Wembley, 
Middlesex, have been appointed distributors for the 
Smart and Brown range of machine tools, which includes 
precision centre lathes and toggle presses. 


Messrs. Cyc-ARcC LIMITED, 27-29, New North-road’ 
London, N.1, have opened a new factory in South Wales 
for the manufacture of studs of all sizes and attachments 
for their stud-welding equipment. 


Bovuiron Pau AtRcraFr, LIMITED, have opened a 
London office at Kinnaird House, 1, Pall Mall East, 
8.W.1. (Telephone: WHItehall 9261.) The London 
representative is Arr VICE-MARSHAL L. M. ILEs, C.B.E., 
A.F.C., who joined the company in September of this 
year. 

Responsibility for glass sand and foundry moulding 
sand has now been transferred from the Raw Materials 
Department, Board of Trade, to the Ministry of Works, 
B.M.3, Lambeth Bridge House, Albert-embankment, 
London, 8.E.1. 


Messrs. S. WOLF AND COMPANY, LIMITED, have 
acquired additional factory space in Acton, London, 
W.3, for the further development of their portable electric 
tools. It is anticipated that the additional area will 
be in full operation within the next four to five months. 


Mr. G. M. TURNBULL, M.I.Mar.E., London agent of 
Messrs. B. and S. Massey, Limited, Openshaw, Man- 
chester, has changed his address to 131, Victoria-street, 
S.W.1, (Telepbone: VICtoria 7971. Telegraphic 
address : Dredgeable, Sowest, London.) 








ENGINEERING, EQUIPMENT AND MATERIALS EXHIBI- 
TION, 1949.—We are advised that the Engineering, 
Equipment and Materials Exhibition, which was post- 
poned from October of the present year, will be held from 
January 26 to February 9, 1949, at the Old Horticultural 
Hall, Vincent-square, Westminster, 8.W.1. The Exhibi- 
tion is intended mainly for trade buyers, but the public 
will be admitted. Particulars may be obtained from 
the organisers, “‘ Britain’s Best’”’ Exhibitions, 17-18, 





Henrietta-street, Covent Garden, London, W.C.2. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.— Production at the steelworks and blast- 
furnaces is being steadily maintained at the recent’ 
satisfactory levels, and raw materials are coming forward 
regularly in adequate quantities for immediate purposes. 
Scrap deliveries are especially gratifying, and, so far, 
inroads on stocks are not extensive. Re-rollers are 
reasonably well supplied with billets, slabs, and sheet 
bars. Thesheetybranch of the trade is the busiest in the 
industry, and recent arrivals of Belgian and French 
sheet bars have been very welcome, as home supplies 
have been short of requirements. The tendency towards 
simplification inferred from last week’s announcement 
of the slight relaxation in steel distribution procedure 
for small users is also welcomed by the Scottish industry. 
A number of small consumers will benefit, and the fact 
that the new arrangements do not apply to tin-plate, 
terne-plate, and black-plate steel does not affect Scottish 
makers. Normal export business is keeping the trade 
fully occupied in arranging for delivery before import 
licences expire. Australian buyers are displaying great 
interest in Scottish steel, and business is restricted only 
by the exhaustion of export quotas. 


Scottish Coal.—The expected rise in divisional outputs 
bas been duly forthcoming, but the improved performances 
are being adversely affected by strike losses ; otherwise 
production in the week ended November 20 would have 
exceeded the total of 490,600 tons mined in the corre- 
sponding week of last year. As it was, the production 
was 486,800 tons, compared with 477,500 tons in the 
previous week. Outputs in the east are at last showing 
signs of the expected advance, Fife, in the week in 
question, producing 148,400 tons against 140,000 tons a 
week earlier, and the Lothians 79,400 tons against 
77,300 tons. Ayrshire also improved slightly, but 
Lanarkshire lags behind. Round coal has been notably 
short of requirements, affecting deliveries to gasworks, 
railways, and house-coal markets. Encroachment on 
depot stocks is causing concern, much: of the reserve 
built up in excess of that on the ground last year having 
been liquidated already. Electric power stations and 
iron and steel works are receiving practically the full 
stipulated tonnages, but engineering firms and other 
general industrial users are not. Considerable activity 
in the export trade centres round Danish shipments, but 
commitments in all directions are being regularly 
stemmed. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—A healthy tone pervades virtually all 
branches of Sheffield industry. Steel production is being 
maintained at a high level, and the flow of orders steadily 
increases. Marked progress is being made in engineering 
branches. Messrs. Newton, Chambers and Company 
have orders on their books for gas plant which will keep 
several departments employed for three years. The 
latest order is for gas-purifying plant for the Sheffield and 
District Gas Company which will bring the capacity of 
the purification plant at the Neepsend works to 
24,000,000 cub. ft. daily. This, it is understood, will be 
the largest gas-purifying unit in the country. Other new 
orders are for gasholders at Farnham, Whitby, Dumbar- 
ton and Alloa; that at Dumbarton will be of 5,000,000 
cub. ft. capacity. Sheffield steel and engineering firms 
are developing useful connections with oil concerns in 
the Middle East and Trinidad for special types of stain- 
less steel to resist a peculiar type of oil corrosion, and in 
dust extractors for use in the manufacture of high-octane 
petrol. Tool factories. are still busily employed, the 
demand for edge tools being particularly strong. 


South Yorkshire Coal Trade.—Coal production con- 
tinues to increase and the demand is expanding as winter 
advances. More coal has been dispatched to steelworks, 
which have been able to improve their winter reserves. 
Locomotive hards are in adequate supply, and the 
demand for gas and coking coal is stronger. The big 
reserves of gas coke are being depleted and there is a 
strong demand for furnace coke. The demand for large 
coal for shipment abroad tends to increase and full 
allocations are readily absorbed. 





INSTITUTION OF WATER ENGINEERS.—The fifty-third 
winter meeting of the Institution of Water Engineers 
will be held at-the Institution of Civil Engineers, Great 
George-street, London, S.W.1, on Thursday, December 9, 
commencing at 10 a.m. After the transaction of formal 
business, a paper on “‘ The Treatment of Doubtful Waters 
for Public Supplies,” by Mr. Norman J. Pugh, will be 
presented for discussion. The meeting will be resumed at 
2 p.m., when papers by Mr. C. H. H. Mercer on “ The 
Abstraction of Water Supplies from Rivers,” and by Mr. 
A. L. Lyon ou “The Hydrogeology of the Coventry 
District,”’ will be discussed. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

The Welsh Coal Trade.—A. strong demand for Welsh 
steam coals was experienced during the week and busy 
conditions characterised all branches of the market. 
Better outputs were again reporied and good working 
was anticipated from now until Christmas so that the 
supply position should be somewhat improved. Offers 
for prompt delivery, however, were still limited as 
standing commitments largely accounted for whatever 
became available. The market was very strong for large 
sizes and it was difficult to meet new requests for these 
over some time ahead. In the case of some of the 
smalls, however, the position was slightly easier and 
offers could be more easily obtained. A very heavy 
home trade absorbed a substantial part of the current 
output and this demand showed no sign of easing. The 
important industries regularly made heavy calls and 
there was a considerable delivery to the railways, gas, 
and electricity services. The domestic demand also 
continued steadily. Export cargoes proceeded on recent 
lines and a good new inquiry was encountered. The 
busiest branch was the Portuguese trade, in which 
allocations were announced for December on about the 
level of previous activities. The South American opera- 
tions too were on fair scale and there was more activity 
with Spain. Trading with France was restricted owing to 
the strikes at the discharging ports. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates showed no 
signs of relaxing but the volume of business done was only 
moderate, This was due to the fact that makers are 
heavily booked for the remainder of the present quarter. 
The export market was again very quiet and the sales 
sbowed a further decline. Steel sheets are in request and 
users continue to have great difficulty in placing orders, 
except for long-deferred delivery. Iron and steel scrap 
is in great request and all users are anxious buyers. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Tees-side iron and steel manu- 
facturers continue to operate their plants at as high a 
pressure as conditions permit and outputs are still heavy. 
In several branches of industry, however, some reduction 
in the make has been unavoidable and until new plants 
are ready for use a resumption of the increase in tonnage 
production cannot be expected. The demand for larger 
supplies of material than are coming forward is intense. 
Rather better parcels of certain finished commodities are 
being released for shipment overseas, but supplies for 
home purposes are severely rationed. The output of 
the Cleveland ironstone mines continues to expand 
slowly and the import of high-grade foreign ores is being 
maintained. Iron and steel] scrap consumers are readily 
taking up the substantial and increasing parcels that 
become available and would welcome larger tonnage 
allocations than are being issued. Refined iron is in 
ample supply, but the demand for all other classes of 
iron and steel is siderably greater than producers can 
provide. 

Foundry and Basic Iron.—Foundry owners have much 
difficulty in obtaining sufficient pig iron for essential 
requirements and there seems to be no likelihood of 
larger deliveries being available in the near future. 
North-East Coast founders continue to depend, almost 
entirely, for pig supplies from the Midlands. Manufac- 
turers of basic iron are turning out only sufficient tonnage 
to meet the urgent requirements of their own consuming 
departments. 

Hematite, Low-Phosphorus and Refined Iron.—East 
Coast hematite firms cannot meet the demand completely, 
but manage to deal fairly satisfactorily with the pressing 
needs of their regular customers. Users of low- and 

di phosphorus qualities of iron take up the outputs 
as soon as they can be delivered. Refined-iron manu- 
facturers could give early attention to orders for their 
customary products. 

Manufactured Iron and Steel.—The various branches 
of the semi-finished and finished-iron trade are actively 
engaged and steel producers are overwhelmed with work. 
The very welcome announcement has been made that 
in the New Year authorisation for the supply of iron 
eastings will no longer be necessary, and that small 
engineering firms whose consumption of steel does not 
exceed 100 tons per annum will be relieved of the irksome 
necessity of seeking quarterly allocations and will hence- 
forth be able to secure a year’s supply on a single 
authorisation. Certain types of steel semies are in very 
strong request and the demand for larger supplies of 
billets and sheet bars continues. Tonnage clearances of 
finished steel are heavy 4nd buyers are desirous of 
placing forward orders. The producers’ commitments, 
however, are about as extensive as circumstances 
warrant. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the daie of the meeting. 


SocreTy OF ENGINEERS.—Monday, December 6, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. “‘ Aluminium as a Structural Material,’ by 
Mr. C. Marsh. 

INSTITUTE OF TRANSPORT.—Metropolitan Section: 
Monday, December 6, 6 p.m., Livingstone House, 
Broadway, 8.W.1. ‘‘ Railway Influence on the National 
Plan,” by Mr. R. B. Hounsfield. Institute: Thursday, 
December 9, 5.30 p.m., 66, Portland-place, W.1. Henry 
Spurrier Memorial Lecture: ‘“‘ Premises for the Opera- 
tion and Maintenance of Public Service Vehicles,” by 
Mr. S. Kennedy. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, December 6, 6 p.m., James 
Watt Institute, Birmingham. “ Direct-Current Trans- 
mission and the British Electrical Industry,” by Mr. F. J. 
Erroll and Lord Forrester. And at North-Western 
Centre: Tuesday, December 7, 6.15 p.m., Engineers’ 
Club, Manchester. Mersey Centre: Monday, Decem- 
ber 6, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘‘ Metering Practice on the British Grid 
System,” by Mr. F. Byrne. Measurements and Supply 
Sections: Tuesday, December 7, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Recurrent Surge Oscillograph 
and the Study of Surge Phenomena in Transformers,” by 
Messrs. E. L. White and W. Nethercet. ‘“ An Oscillo- 
graphfor Automatic Recording of Disturbances,” by Mr. 
W. T. J. Atkins. Supply Section: Wednesday, Decem- 
ber 8, 5.30 p.m., Victoria-embankment, W.C.2. “‘ Design 
of High-Voltage Air-Blast Circuit Breakers,’ by Messrs. 
C. H. Flurscheim and E. L. L’Estrange. Uvtilisation 
Section: Thursday, December 9, 5.30 p.m., Victoria- 
embankment, W.C.2. “‘ Polyphase Commutater Mach- 
ines,” by Messrs. B. Adkins and W. J. Gibbs. 

INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Eastern Branch: Monday, December 6, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘Corrosion of Heating 
Surfaces in Boiler Plants: Deposit Formation,” by 
Messrs. J. R. Rylands and J. R. Jenkinson. Institution 
in conjunction with Applied Mechanics Group: Friday, 
December 10, 6 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Discussion on “ Fluid Flow Through Granular 
Beds,” based on papers by Dr. H. E. Rose and Dr. A. M. A. 
Rizk. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, December 6, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“ Plastics in Engineering,” by 
Mr. E. Jones. Institution: Friday, December 10, 6.30 
p.m., Royal Society of Arts, John Adam-street, W.C.2. 
Presidential address: ‘‘ New Developments in Broad- 
casting,” by Sir Noel Ashbridge. 

INSTITUTE OF FUEL.—Tuesday, December 7, 2.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, S.W.1. 
“ Solidification of Petrol,” by Dr. L. R. B. Shackleton. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 7, 5.30 p.m., Great George-street, S.W.1. “‘ Renewal 
of Ballast and Track by Mechanical Means in Polhill 
Tunnel,” by Mr. A. H. Cantrell. “ Use and Maintenance 
of Civil Engineering Plant on Railway Works,” by Mr. 
A. G.' Ticehurst. South Wales Association: Tuesday, 
December 7, 6.p.m., South Wales Institute of Engineers, 
Cardiff. ‘‘ Stress Analysis with Wire Strain Gauges,” by 
Messrs. W. E. J. Farvis and J. S. Caswell. Newcastle- 
upon-Tyne Association: Tuesday, December 7, 6.15 
p.m., Mining Institute, Westgate-road, Newcastle-upon- 
Tyne. ‘“ Hydrographical Survey,” by Comdr. D. H. 
Fryer. Birmingham Association: Thursday, Decem- 
ber 9, 6 p.m., James Watt Institute, Birmingham. 
“ Hydro-Electric Development and the Scottish High- 
lands,” by Mr. N. J. Cochrane. 

CHEMICAL ENGINEERING GROUP.—Tuesday, Decem- 
ber 7, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘ Radiation Hazards and Their Con- 
trol,” by Dr. E. F. Edson. 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
December 7, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
** Building Drainage,” by Mr. F. L. Barrow. 

NEWCOMEN SocieTy.—Wednesday, December 8, 5.30 
p.m., Science Museum, South Kensington, S.W.7. “‘ Site 
of Newcomen’s Wolverhampton Engine,” by Dr. W. 0. 
Henderson. “ John Smith of Coven, Engineer (1827- 
1879),” by Mr. David H. Tew. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
December 9, 6 p.m., 11, Upper Belgrave-street, 8.W.1. 
“‘ Semi-Graphical Integration Applied to the Stress 
Analysis of Redundant Frames,” by Mr. R. G. Robertson. 

NortsH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, December 10, 6.15 p.m., 
Literary and Philosophical Society, Newcastle-upon- 
Tyne. Parsons Memorial Lecture: “ British Marine Gas 





Turbines,” by Dr. T. W. F. Brown. 
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the fact that the above is the address of our Regis- 
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counts for all classified advertisements can be obtained 
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cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
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APPLICABLE 
MATHEMATICS. 


Sm CuarLes Parsons, whose name and fame 
are linked through the reaction steam turbine with 
those of Hero, a famous mathematician of Alex- 
andria, is said to have declared that in the design 
and development of his inventions he had never 
had occasion to use the higher mathematics. 


Peges| Edward Gibbon, the immortal historian of the 


Roman Empire, after studying the elements of 
algebra and geometry as far as the Conic Sections 
of the Marquis de |’H6pital, “‘ relinquished for ever 
the pursuit of the mathematics.” He gave up his 
fiancée, later famous as Mme. Necker, to please 
his father, but the pressing desire of the father, 
“from a blind idea of the usefulness of such abstract 
science that I should devote some time 
to the mathematics,” left him cold. Nor could he 
towards the end of his self-indulgent and fruitful 
life lament that he had desisted before his “‘ mind 
was hardened by the habit of rigid demonstration, 
so destructive to the finer feelings of moral evidence.” 
Three centuries ago, Izaak Walton, in his Compleat 
Angler, likened angling to the mathematics in that 
“it can never be fully learnt.” While his quill 
was scratching out his pleasant prose, Newton and 
Leibniz, aged nine and five, respectively, little 
dreamt that each would invent a “ calculus ” that 
would add to the burdens of students for genera- 
tions to come. In recent years, more than one 
eminent mathematician has deplored the extension 
of the subject beyond the mastery of any one man, 
so that no one can hope to be expert in more than 
a small fraction of it. 

The study and value of mathematics seem to 
have been perennial topics for at least 20 centuries, 
and it is surprising or not, according to the point 
of view, that so little new light should have been 
thrown on the subject by the excellent discussion 
in the British Association meeting at Brighton.* 





* See pages 376, 439, 462, 487 and 511, ante; see also 
page 534 of this issue. 








all the Sciences and.a proper object of study for 
the noblest minds. Bacon, unlike Gibbon, thought 
mathematics made the mind subtile, but the greatest 


1 | of all writers, in the ‘‘ Taming of the Shrew,” implies 


that there is no profit in such studies except to 
those who can take pleasure in them, “Fall to 
them as you find your stomach serves.” In more 
recent times, Richard Proctor, a wrangler of 90 
years ago, who wrote copiously on astronomy and 
other sciences, affirmed that there was only one 
sound method of studying mathematics in his 
experience, and that was ‘“‘as occasion requires.” 
Lastly, we may mention Professor John Perry, 
whose campaign of 50 years ago is still in the 
memory of many engineers and whose brilliant 
lectures did so much to reform the mathematical 
training, not only of engineers but of every kind of 
student, both here and abroad. He owed much to 
the inspiration of Lord Kelvin, who showed him 
“that there is no useful mathematical weapon 
which an engineer may not learn to use.” Reasoning 
in a circle may be pardoned in mathematicians. 

To clear the ideas a little, mathematics may be 
roughly divided into three main divisions—concepts, 
symbols and applications. Under concepts, we 
include the fundamental ideas, independent of 
persons or things, which have always conferred the 
grandeur of generality on the subject. Symbolism 
is more difficult to describe, except to the adept, who 
realises that it is not merely the symbols in them- 
selves that are important, but the operations that 
go with them, and these are often further sym- 
bolised as functions, operators, series and the like. 
The third division of applications has an astonishing 
variety of concepts and symbols, selected in small 
portions, as a rule, to suit the unending diversity of 
human activity. A peasant counting eggs may 
use the fingers of the hands or chalk marks like a 
four-barred gate with a diagonal, without any 
ideas of scales of notation, and the turner, working 
out his change wheels on the old screw-cutting 
lathe, may have no idea of a ratio. Conversely, the 
philosophical mathematician may spend his life 
on the foundations of geometry or on transfinite 
numbers and yet be the dupe of a coarse trader. 
Professor Perry,never had any misgiving or reluct- 
ance in letting his students perform Fourier analyses 
or numerical integration without knowing the 
mathematical proofs of what they were doing. 
He observed frequently that a watch may be very 
useful to a person who has no understanding of its 
works, and, moreover, many so-called proofs of 
mathematical theorems are not proofs at all. What 
did Osborne Reynolds’s engineering students make 
of his definition of a stress as “two equal and 
Opposite streams of momentum”? Yet, no doubt, 
he thought that he was giving them a lucid picture. 

Much of the difficulty in discussing mathematics 
lies in the tremendous sweep of the subject from the 
concrete to the abstract, from the simple to the 
profound. Wide as the universe, wider than any 
single mind, this vast web of thought ranges so 
that he who practises at one extreme may be 
unfitted for comprehension at the other. What 
appears to one man to be applicable is to another 
useless, even meaningless; and between the two 
extremes there is a common human propensity to 
habit from which all practitioners of mathematics 
suffer. Sir Richard Southwell has observed with 
good-natured modesty that there are times when 
a mathematician seems not to need a brain for his 
work. Ifa problem can be clearly stated in mathe- 
matical terms, it is conceivable that the mechanical 
operation of mathematical processes, either too 
complex for perception or too automatic for realisa- 
tion, may produce a result of surprising interest and 
utility. But the same process can be seen in the 
handling of cash columns by an accountant or 
the use of graphic statics by a structural engineer. 
Man is a creature and indeed a slave of habit, who 
thinks in symbols, and the mathematician whose 
symbols become very habitual is merely an exaggera- 
tion of the saw that “practice makes perfect.” 
In Pavlov’s work on reflex action, he induced 
dogs to salivate at the sound of a dinner bell, and 
the reactions of a mathematician to symmetrical 
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and invariant forms which excite no response from 
a layman are often of the nature of reflexes. Mathe- 
matical skill requires immense practice, preferably, 
according to Bertrand Russell, when the pupil is 
young. Various branches of the subject appeal to 
different persons: elliptic functions, matrices, 
n-dimensional geometry, number theory—all these 
and more have their devotees; it is rare now to find 
an all-rounder. And it may be argued that the 
great value of mathematics, like that of music and 
poetry, lies not so much in “ applications ” as in 
implications. The mind that has pondered on 
infinity, on asymptotes, versors, quaternions, is 
greatly enriched and often comforted. Probabilities 
may become the calculus of “‘ Acts of God.” 

After a lucid summing up of the four-part 
discussion which we have reproduced, Professor 
Bickley added some interesting notions of his own. 
He deplored the tendency of students and text-book 
writers to avoid mathematics like the plague, 
instead of regarding it as a tool to be used whenever 
possible to improve efficiency. He compared 
mathematics with modern machine tools, and non- 
mathematical thinking with the cold chisel and file. 
Such illustrations are not very happy examples of 
efficient thinking, for it must be obvious to many 
people of experience that some of the most acute 
and complex thought in law, politics, and philosophy, 
toname!. ‘ew topics, is not amenable to mathe- 
matical «...cessions or operations. We do not 
wish to disparage the value of a mathematical 
training, indeed, the broad general concepts and 
disciplines of the higher mathematics cannot be 
Over-praised as instruments of education and enjoy- 
men. But just as music, poetry and fine art are 
beyond the appreciation of many good people, so 
it must be faced that many good people are quite 
unable to grasp or use mathematical concepts and 
methods. A very moderate experience of engineer- 
ing will convince even a mathematical enthusiast 
that only a small fraction of engineers in industry 
ever use even a small fraction of the very little 
mathematics they know. The practical man is 
intent on making things work ; that is his criterion 
of success. Accuracy either of calculation or of 
workmanship appeals to him mainly in so far as it 
contributes to useful results. The pure mathe- 
matician, however, is usually intent on absolute 
accuracy, with rigid proofs of his theorems and 
scrupulous examination of his assumptions; the 
engineer is concerned with sufficient accuracy. He 
is accustomed all his days to thinking in terms of 
tolerances and he acquires an instinctive apprecia- 
tion of degrees of accuracy and finish in the various 
“ fits” that he produces between parts. If waste 
or inefficiency in a system requires treatment, the 
engineer rarely dreams of stopping all the waste or 
attaining 100 per cent. efficiency. He proceeds 
quickly to stop at once as much of the waste as he 
can, with the intention of returning later to stop 
a further fraction. In mathematical theorems there 
are no tolerances, and, as a result, the unpractical 
mathematician appears very often to be intolerant 
in the eyes of men of the world. This was the 
view of Gibbon and of many others. 

Finally, Professor Bickley appealed* for a new 
Central Institute for Applicable Mathematics—a 
naive suggestion that there is some difficulty in 
applying mathematics to engineering which cannot 
be solved by the several institutions already devoted 
to the various branches of engineering science. 
Surely the members of all these societies cannot all 
be wrong. Is there any difficulty to-day in getting 
a mathematical paper of merit published ? Apart 
from the engineering societies, there are numerous 
bodies dealing with economic, statistical, actuarial 
and other subjects who seem to welcome “ applicable 
mathematics,” and it is difficult to see what would 
be gained by the formation of a new institute that 
would overlap so many others of widely different 
techniques. We are reminded of the ‘“‘ Engineers of 
the Soul” as the Moscow educationalists are said 
to call themselves, and we recall the names of Watt, 
Brindley, Whitworth, Kelvin, Faraday, and a host 
of other applicable mathematicians who developed 
new methods and used them without any thought 
of an institute of “‘ applicable mathematics.” 





* See page 534 of this issue. 





THE COLUMBIA RIVER. 


Tue Columbia River which forms a large part 
of the boundary between the Washington and 
Oregon in the north-west corner of the United 
States, has a total length of 1,210 miles, of which 
465 lie in Canada. It rises in Columbia Lake in 
British Columbia, at elevation 2,650. The river is 
tidal for a length of 143 miles from its mouth and 
the total fall from the international boundary to the 
beginning of this tidal section is 1,284 ft. The 
water-power capacity of the river, both actual and 
potential, is very large and many dams have been 
built on the main stream and its tributaries, includ- 
ing those at Grand Coulee, with a hydro-electric 
capacity of 808,000 kW, and that at Bonneville, of 
518,400 kW. The total installed capacity of State, 
municipal or private stations is 2,714,519 kW. 
The river basin has an area of 259,000 sq. miles, 
of which 220,000 sq. miles, or 85 per cent., lie 
within the United States. An idea of the size of the 
tract of country drained by the river is perhaps best 
given by saying that the portion lying within the 
United States has an area of about twice that of the 
British Isles. The basin covers almost the whole of 
the State of Idaho, most of Washington and Oregon, 
the western part of Montana, small areas in Wyoming 
and Nevada, and the north-western tip of Utah. 
The area of the basin is about 7 per cent. of the 
whole area of the United States, but it contains only 
1-5 per cent. of the total population. 

In a vast district of this kind there are naturally 
great variations in the nature of the terrain. Lofty 
mountains, virgin forests and dry scrub lands are 
contrasted by developed industrial areas, grazing 
lands and prosperous farming districts. The 
annual rainfall records obtained from weather 
stations distributed throughout the basin vary 
from 118 in. to less than 6in. Much has been done 
in the past to utilise the power possibilities of the 
river, and to irrigate dry lands and render them 
suitable for farming activities; power generated 
at Grand Coulee, combined with the regulation of 
the river, will ultimately enable 1,200,000 acres of 
land, laying at an average height of 650 ft. above the 
original river level, to be irrigated. The Anderson 
Ranch Dam, which lies in the southern part of the 
Columbia River Basin, will, as described on page 145, 
ante, et seq., enable an area of 400,000 acres to be 
irrigated. Much has also been done in the past to 
improve the navigation facilities on the lower 
reaches of the river and its tributaries and nearly 
200 hydro-electric plants have been built to utilise 
its power possibilities. 

Under the provisions of the River and Harbor 
Act of the United States Congress of 1927, a 
series of surveys of the more important rivers of 
the country was made by the Corps of Engineers 
of the United States Army. The survey of the 
Columbia River was completed in 1932, and on the 
basis of the recommendations made the Grand 
Coulee* and Bonneville Dams} were built. A 
much more extensive survey has now been carried 
out for the United States Department of the Interior 
by the Bureau of Reclamation, acting in conjunction 
with the Corps of Engineers of the Army, the 
Federal Power Commission, and other bodies, and 
a comprehensive plan for the development of the 
whole basin has been drawn up. The results of 
the survey and the proposals to which it has led 
are recorded in an impressive report{ of 399 pages, 
profusely illustrated by maps, diagrams and repro- 
ductions of photographs. The report does not at 
this stage represent an agreed plan of procedure 
although, in view of the remarkable development 
works which have been carried out in the Tennessee 
Valley, it may be assumed that at least in its main 
lines it will ultimately be put in hand. As the 
proposals affect the interests of a number of indivi- 
dual States and Federal agencies, it has been 





* ENGINEERING, vol. 151, pages 361, 401, 441, 481 and 
504 (1941). 

t Ibid., pages 301 and 341. 

t The Columbia River. A Comprehensive Depart- 
mental Report on the Development of the Water-Resources 
of the Columbia River Basin for Review Prior to Sub- 
mission to Congress. United States Department of the 
Interior, Bureau of Reclamation. Washington, D.O., 
U.S.A. 


necessary to submit the report to the various bodies 
concerned. This has now been done and the com- 
ments received from the various authorities may 
cause some changes to be made in the recommenda- 
tions before the report is submitted to Congress, 
but these are likely to bear on administrative rather 
than engineering questions and from a technical 
point of view the report is likely to be presented 
much in its present form. 

The whole scheme is of such magnitude that a 
detailed explanation of its proposals is not possible in 
a short article, but quotation of some overall figures 
will give an idea of the amount of engineering work 
involved. The entire plan, which it is realised will 
take many decades to carry out, covers 238 projects. 
It provides for the irrigation of 5,360,000 acres of 
land; of this total, 3,840,000 acres are at present 
not irrigated and 1,520,000 are inadequately served. 
Drainage works will increase the utility of a further 
565,000 acres. Flood protection will be extended 
to a further million and a half acres, and navigation 
facilities on many stretches of the river will be 
improved. The power projects envisaged cover 63 
new hydro-electric plants with an aggregate capacity 
of 10-5 million kW and the output of many existing 
plants will be increased by improved storage ar- 
rangements. The key structures of the whole 
scheme are 142 major dams; 35 of these would 
create pools available for power production and 
improving navigation but not providing for storage ; 
the remaining 107 would create storage reservoirs 
with a total capacity of 26-7 million acre-feet. It 
is estimated that the plan, if carried through, will 
ultimately provide a livelihood for a population of 
a million people. 

In spite of the small proportion of the population 
of the United States located in the Columbia River 
Basin, more hydro-electric power is already gener- 
ated in it than in any other river basin in that 
country. The 1-5 per cent. of the populatiou of the 
whole country living in the basin is served by 14-5 
per cent. of the total installed hydro-electric plant. 
This striking figure refers to hydro-electric genera- 
tion and if total generation, including steam power, 
is considered a very different percentage would be 
obtained. The consumption in the Pacific North- 
West, however, is much above the average for the 
country as a whole. In 1943 the consumption per 
capita was 3,500 kWh compared with 1,410 kWh 
for the country generally. The high figure is partly 
explained by the presence of large electro-metal- 
lurgical and electro-chemical industries, but in 
addition the general demand is high; 87 per cent. 
of all dwellings had an electricity supply in 
1940. 

The whole scheme, at the price level ruling in 
1940, is estimated to cost 3,500 million dollars 
including the cost of the transmission system, put 
at 1,000 million dollars. Operation, maintenance 
and replacement costs are estimated at 60 million 
dollars perannum. The total annual cost, including 
an allowance for amortisation of the entire invest- 
ment in 50 years with interest at 3 per cent., is 
200 million dollars per annum. Against this it is 
estimated that the power revenue would be 
146,692,000 dollars a year, that the irrigation ser- 
vices would represent a value of 133,893,000 dollars 
a year, flood control 12,407,000 dollars and navi- 
gation improvements 6,281,000 dollars. Overall, 
total annual costs would be only about two-thirds 
of the value of the services provided. The report 
suggests that the work should be carried out in two 
stages and as the first of these covers projects which 
have already been authorised for construction by 
the Bureau of Reclamation, Office of Indian Affairs, 
or the War Department, it may be presumed that it 
will be proceeded with. This first stage covers 
47 projects designed to irrigate 1,313,620 acres of 
dry land and to supply of additional water to 
1,077,980 acres. The authorisations include power- 
plant developments of an approximate total capacity 
of 4,331,000 kW. The largest individual power- 
plant items in the total are the Columbia Basin 
project in Washington, now under construction, 
which will have an ultimate installation of 
1,156,000 kW; the series of dams on the Lower 
Snake River with 882,000 kW; and the McNary 
Dam on the Oregon-Washington boundary with 





690,000 kW. 
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NOTES. 


MopERNISATION OF A CoAL-DiscnaRGInG DEpPor. 


In a paper presented at an extra general meeting 
of the Institution of Mechanical Engineers on 
Friday, November 26, Mr. G. T. Shoosmith, M.A., 
M.I.Mech.E., described an installation of three 
electric slewing and luffing jib cranes each designed 
for a gross load, including grab, of 74 tons, which 
have replaced six hydraulic transporters at the 
Purfleet coal-discharging depot on the north bank 
of the Thames. He said that the average time of 
turn-round for vessels discharging there had been 
reduced by 40 per cent. In 1947, the three cranes 
had handled over 1,000,000 tons of coal, the con- 
sumption of electricity (including that for lighting, 
etc.) being 1 kWh for 3-66 tons of coal. The 
maximum weight handled in one hour by one crane 
was 352 tons. Mr. Shoosmith explained that it was 
decided to replace the transporters by cranes for 
many reasons, but particularly because a slewing 
erane could place its grab more accurately than 
could a transporter. This was an important factor 
as over 30 per cent. of the all-in cost of the operation 
of coal discharging was accounted for by the wages 
of coal trimmers, although these men were only 
employed for the final cleaning up of the ships’ 
holds. The new cranes operated on alternating- 
current, stepped down from 3,300 volts to 400/230 
volts. In the design of the cranes, quietness and 
smoothness of operation were aimed at, although 
high rates of acceleration for the various motions 
were envisaged. The “‘all-up” weight of each 
crane was 140 tons ; and the speeds of the motions 
were: 250 ft. per minute for hoisting, 1-25 r.p.m. 
for slewing, 150 ft. per minute for luffing, and 50 ft. 
per minute for travelling. The jib was balanced at 
all positions, and the design of the cranes allowed 
them to be slewed through 180 deg. without collision, 
even when the undercarriages of two adjacent cranes 
were touching. Massive rail clips were provided to 
make the cranes secure in the high winds which are 
common at the depot. The grabs were balanced to 
allow maximum acceleration without excessive peak 
electric current. For the same reason, the moments 
of inertia of all rotating masses of the machinery 
and sheaves were made as small as possible. Never- 
theless, partly owing to the short lift of the grab, 
64 per cent. of the total power required for the hoist- 
ing motion was absorbed by the inertia of the rotat- 
ing masses. A regenerative system, which might have 
shown economies, was considered uneconomical 
owing to the complication of the design. Mr. 
Shoosmith introduced a system to limit the snatch 
on the hoisting ropes and is in favour of carrying 
out tests with some form of excess-stress shock- 
absorber. He has also developed a new method of 
measuring the pull of the floating sheaves in the 
weighgear with which each crane is fitted. The 
author gave some interesting notes on the efficiency 
of grabs, and said that he had demonstrated that 
the practice of dropping the grab on to the material 
did not increase the digging efficiency. 


Atumrntom ALLoy BascuLe BriInce. 


The first bascule bridge to be constructed of 
aluminium alloy was officially opened at Sunder- 
land on Friday, November 26, by the Minister of 
Transport, the Rt. Hon. A. J. Barnes, M.P., who was 
introduced to a representative gathering of engineers 
and visitors by the chairman of the River Wear 
Commissioners, Sir Frank Nicholson, C.B.E., D.L., 
J.P. The bridge is of the two-leaf trunnion type, 
and was built for the Commissioners by Messrs. Head, 
Wrightson and Company, Limited, Teesdale Iron 
Works, Thornaby-on-Tees. It spans a 90-ft. wide 
waterway junction joining the Hendon and South 
Hudson docks ; this junction has been widened and 
deepened as a part of the Commissioners’ programme 
for opening the port of Sunderland to larger ships and 
for improving the facilities of the port. The use of 
suitable aluminium alloys, instead of steel, for 
structural purposes has been favoured recently by 
the prevailing steel shortage ; some of the factors 
thet govern the applications of these alloys which, in 
general, are one-third the weight of steel, were 
discussed in our illustrated descriptions of the 


River railway bridge, and of a 97-ft. span travelling 
crane (ENGINEERING, vol. 164, page 529 (1947), and 
vol. 166, page 127 (1948), respectively). The fixed 
approaches to the bascule bridge and the foundation 
girders are of mild steel, but the bascule leaves, 
weighing about 214 tons each, are almost entirely 
of aluminium-alloy. They were constructed at the 
manufacturer’s works and transported to the site 
by water. Both road and rail traffic can be carried, 
there being a standard gauge railway track in the 
centre of a 9-ft. roadway bounded by footpaths 
4 ft. 9 in. wide. The deck is supported between 
lattice-girder trusses, 19 ft. 9 in. between centre 
lines, the horizontal trunnion axes being 121 ft. 
apart. At the forward ends, the trusses are approxi- 
mately 9 ft. deep, but their top booms slope upwards 
and terminate at the trunnion ends in quadrants 
of 19 ft. 6 in. radius ; these carry racks to engage 
with the raising gear. Each leaf is actuated by 
two 25-h.p. three-phase induction motors, either 
of which can complete the full duty should the other 
fail. A master drum-controller provides automatic 
sequence control for the warning signals, and for 
the opening and closing of the bridge, which can be 
effected by hand gear should the electrical supply 
be interrupted. The alloys used for the plates 
comply with B.S./S.T.A/7 Service Schedule Speci- 
fication AW.15G. (DTD. 390); they have an 
ultimate tensile stress of 25 tons per square inch 
with a 0-1 per cent. proof stress of 15 tons per 
square inch. Extruded sections comply with 
AW.15A. (6LI) and have tensile properties similar 
to those of the plates. The aluminium-alloy strue- 
ture was designed by Mr. F. J. Walker, A.M.L.C.E., 
formerly chief civil engineer of Messrs. Head, 
Wrightson and Company, and now director and 
general manager of their associated company, 
Head, Wrightson Light Alloy Structures, Limited. 


Researcn Activities OF RoyaL Dutcu-SHELL 
Grovp. 

In a statement issued by the Shell Petroleum 
Company, Limited, St. Helen’s-court, Great St. 
Helen’s, London, E.C.3, it is announced that the 
Royal Dutch-Shell Group has adopted a research 
budget of 6,000,000/. for 1949. The programme 
envisaged includes fundamental and other types of 
research into petroleum, extending from the initial 
prospecting for crude oil to the application of all 
kinds of petroleum fuels, lubricants and other final 
products. The use of petroleum products in agricul- 
ture, especially in connection with problems arising 
in tropical areas, is to receive increasing attention. 
Some 4,000 employees of the Shell Company are at 
present engaged on research in the laboratories of 
the firm, which are situated in the United Kingdom, 
notably that at Thornton, Cheshire (illustrated 
and described in ENGINEERING, vol. 163, page 
355 (1947)), in the Netherlands and in the United 
States. Moreover, farms for agricultural research 
have been established at Woodstock, Kent, and at 
Modesto, California, U.S.A. In 1948, the Shell 
Development Company, Emeryville, California, 
gained the Award for Chemical Engineering Achieve- 
ment, presented by the American Institute of 
Chemical Engineers in recognition of the firm’s con- 
tribution to the development of the process for the 
manufacture of synthetic glycerine from petroleum. 
The Shell Company have followed this up with the 
completion, at Houston, Texas, of a large full-scale 
synthetic glycerine plant. This was completed in 
September, 1948, and, costing just over 9 million 
dols. to build and equip, will produce 35,000,000 Ib. 
of synthetic glycerine annually. 


Tuer STANDARDISATION OF ENGINEERING PRODUCTs. 


In reply to a question by Mr. A. Albu in the 
House of Commons on Monday, November 22, the 
Minister of Supply (the Rt. Hon. G. R. Strauss, M.P.) 
announced the appointment of an Advisory Com- 
mittee ‘‘to investigate in consultation with the 
British Standards Institution and appropriate 
organisations the methods by which manufacturers 
and users of engineering products determine 
whether any reduction in the variety of products 
manufactured is desirable in the light of technical, 
commercial and other considerations; to report 
whether those methods are adequate and what, if 
any, further measures should be taken by industry 


cations as are determined are put into effect.” 
The chairman of this committee is to be Sir Ernest 
Lemon, who, as readers of ENGINEERING will know, 
was vice-president of the London Midland and 
Scottish Railway for some years, and during the 
war was sucessively Director-General of Aircraft 
Production at the Air Ministry and Special Adviser 
to the Ministry of Production. The other members 
are Sir F. Ewart Smith, who was Chief Superin- 
tendent of Armament Design at the Ministry of 
Supply ; Mr. S. Harley, deputy chairman, Coventry 
Gauge and Tool Company, Limited ; Mr. Jack Tan- 
ner; and Mr. T. H. Windibank, director, Crompton 
Parkinson, Limited. In making this announcement, 
the Minister said that the work of the committee 
would not overlap that of the Anglo-American Coun- 
cil on Productivity. During a subsequent Press 
conference, he added that its appointment and 
activities also had nothing to do with the agreement, 
which had been reached recently on British and 
American screw threads. In elaboration of his 
statement in the House of Commons, Mr. Strauss 
pointed out that the branch of standardisation 
with which the Committee would be concerned 
was that related to the reduction in the variety of 
engineering products, including component parts. 
If these parts, and the correlated processes of manu- 
facture, could be made to conform to a universal 
pattern, time, money and trouble would be saved. 
The scope of engineering products would not, 
however, thereby be limited, neither would research, 
development, nor the export trade be hampered. 
At first sight it might seem that a Committee to 
deal with such questions is hardly necessary. The 
fact, however, that its appointment has the support 
of the Engineering Advisory Committee and of the 
British Standards Institution, with which latter body 
it will work in close consultation, does, perhaps, 
indicate that more “‘ power” is necessary to bring 
about desirable changes and simplification. More- 
over, the composition of the Committee should 
be sufficient to allay fears that anything unwise will 
be suggested and to inspire the hope that most of 
the obvious pitfalls will be avoided. 


“ Book REvIEws.”’ 


The article bearing the above title which ap- 
peared in our issue of September 24 (page 302, ante), 
and was concerned with papers presented at the 
recent conference of Aslib, has aroused some interest 
in the United States and we have received copies of 
various documents relating to its subject. The 
one of most recent date is a reprint of an article 
entitled ‘‘ Reviewing of Technical Books—The 
Minimum Requirement,” which appeared in the 
July issue of The Journal of Chemical Education. 
It was contributed by Mr. E. H. McClelland of 
the Carnegie Library, Pittsburg. The article is 
written from the point of view of the librarian or 
other purchaser of books, and its thesis is indicated 
by its title. In specifying the factual information 
which should be contained in a review, Mr. McClel- 
land suggests that the full address of the publisher 
should be given ; its “‘ omission presents no problem 
to the book trade,” but its inclusion may be of value 
to individual purchasers. The practice of including 
the full address is by no means usual, but is followed 
by this journal. In Mr. Collison’s Aslib paper, 
dealt with in our previous article, it was stated that 
a review should contain an appraisement of the 
experience and qualifications of the author. We 
questioned the necessity, and, in many cases, the 
possibility of this, but when Mr. McClelland says 
‘“it is helpful to know whether the author is a village 
blacksmith or the head of a research department ” 
some sympathy may be extended to the librarian’s 
point of view. What, however, a possible purchaser 
wants to know are the qualifications of the book not 
of the author and an adequate review will enable the 
intellectual status of the book, and incidentally of 
the author, te be estimated. Mr. McClelland did 
not refer to the question of signed reviews in the 
article referred to above, but in an essay on ‘‘ Select- 
ing Books for a Technical Department” which 
appeared in a work entitled The Practice of Book 
Selection, published by the University of Chicago 
Press, he wrote “a signed review (is) preferable to 
an unsigned one.” He did not enlarge on this 
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ence displayed for signed reviews at the Aslib 
meeting a rider may be added to the remarks we 
made on this subject in our earlier article. The 
possibility of unfair attacks being made on rivals 
in unsigned reviews is a stock argument against 
them, but at least in the technical sphere, the 
Opposite possibility of undue praise being given to 
a book by. the writer of a signed review because 
the author is a friend or acquaintance is a much 
more likely source of evil. The authors of one class 
of light literature, which need not be defined more 
closely, review each others books with mutual 
satisfaction and apparently find most of them to be 
masterpieces. Whether it has any bearing on the 
question of signed or unsigned reviews we cannot 
say, but it is of interest to note that Mr. McClelland 
considers British reviews better than American 
ones. 


E.xcrricat Loap REsTRICTIONS ON COMMERCIAL 
UNDERTAKINGS. 

From Wednesday, December 1, until Monday, 
February 28, 1949, commercial undertakings, such 
as shops, offices, banks, theatres and cinemas, will 
not be allowed to exceed a maximum load on their 
electrical installations of more than 50 per cent. of 
their installed capacity between the hours of 7 a.m. 
and 7 p.m. In calling attention to this restriction 
at a conference held on Monday, November 29, 
Mr. E. J. Taylor, chairman of the Electricity Sub- 
Committee of the London and South Eastern Re- 
gional Board for Industry, pointed out that it was 
“urgent and imperative ” that plans to implement 
it should be put into operation immediately. He 
also requested that any industrial or commercial 
consumers who had not replied to their Working 
Committee’s communication on the subject should 
do so without delay. Without such co-operation, 
he said, load shedding would be inevitable; and, 
in fact, since the beginning of October had already 
taken place 26 times on 19 days. The average 
period of these “‘ sheddings ” had been three-quarters 
of an hour during the morning peak and rather more 
in the evening, while the load shed had amounted 
on the average to 5 per cent., the maximum being 
12 per cent. It may be recalled that during the 
same three months industry is being asked to reduce 
its maximum loads to 80 per cent. of the 1946-47 
peak load between 7 a.m. and 7 p.m. Although 
similar restrictions are not being imposed on domes- 
tic consumers, they are being adjured to exercise 
the utmost economy in the use of electricity between 
8 a.m. and noon and 4 p.m. and 5.30 p.m.; and 
thus to avoid counteracting the effects of load 
spreading in industry. In particular, water heaters, 
irons and vacuum cleaners should not be used 
during the restricted hours, and any apparatus or 
lamps not actually in use should be switched off. 
These restrictions, which, in the case of commercial 
consumers, can only be described as drastic, and 
most difficult to carry out, are, of course, occasioned 
by a combination of shortage of generating plant 
and increased demand. It is understood that 
during the past twelve months the installed capacity 
of the country has been increased by 400 MW to 
500 MW, but that the demand has risen by about 
the same amount. The remedy is therefore clear ; 
and it is no excuse to point out that many other 
countries, especially the United States, Holland and 
Italy are suffering in the same way. 


THe Woritp ENGINEERING CONFERENCE. 


The first International Technical Congress or- 
ganised by the World Engineering Conference was 
held in Paris in September, 1946, and was attended 
by some 1,200 participants from about 30 nations. 
It is now announced that a second Co is to 
be held from March 20 to 26, 1949, and that the 
venue is to be Cairo, by invitation of the Egyptian 
Government. The Congress “will be devoted to 
the discussion of technical and social problems that 
are of prime importance for the consolidation of 
peace.” The ian Agricultural and Industrial 
Exhibition will take place in Cairo at the same 
time as the Congress. The programme, headed 
“‘Raw Materials as an Industrial and Social Pro- 
blem,” is divided into three sections, dealing, 
respectively, with “Industrial Raw Materials and 
their Rational Utilisation Throughout the World,” 
“The Social Aspect of Technical Deve!* ment and 





of Raw Material Problems,” and “The Problem 
of Water in the Middle East.” This last section, 
which promises to be rather more technical and 
factual than the first two—and, perhaps, offers less 
opportunity for the-somewhat vague generalities 
that are too apt to creep into the discussion of any 
topic that is labelled as “‘ social ” and “‘ rational ”— 
is again subdivided into waterways, seas, subter- 
ranean water and rainwater. The division ot 
““ Waterways” will be concerned with irrigation, 
navigation, power and drinking water. No further 
subdivision of “‘Seas” is indicated, though the 
subject is wide enough, in all its implications, to 
suggest that some guidance to authors might be 
advisable if any attempt is to be made to discuss 
all the papers under this heading at a single meeting. 
“Subterranean Water” is to be considered in 
relation to irrigation, drainage and drinking water ; 
and “ Rainwater” is given the sub-headings of 
irrigation, drinking water, and “artificial rain ”’— 
the last-mentioned topic presumably relating to the 
experimental production of rain by the release of 
carbon-dioxide snow from aircraft. The organisa- 
tion of receptions, visits, etc., will be in the hands 
of an Egyptian reception committee, to be presided 
over by His Excellency Hussein Said Bey, chairman 
of the Egyptian Committee on Public Works. 
Applications to participate in the Congress should 
be in the hands of the Secretariat of the Cairo 
Congress, 3, rue Baehler, Cairo, not later than 
December 31, 1948; but they may be sent instead 
to the National Committees in the various countries, 
where such committees have been formed. The 
organising secretary of the British Section (to whom 
application may be made by intending British 
participants) is Mr. Robert Lowe, whose address is 
82, Victoria-street, London, 8.W.1. 





LETTER TO THE EDITOR. 
THE METRIC SYSTEM. 


To THE Eprror or ENGINEERING. 


Sir,—Before the first World War, I had the 
privilege of studying in Continental universities 
and working in their physical and engineering 
laboratories. I used both metric systems day in, 
day out, i.e., c.g.s.in physics and metre-kilogram-slug- 
secs. in engineering. Since then I have made many 
visits to factories in Germany, Belgium, France and 
Switzerland, where I had to discuss matters con- 
cerning a great variety of industries from watches 
to heavy ordnance. I have also used English units 
a good deal in various industries and as a result of 
my experience I consider that there is nothing on 
balance about either system to justify the upheaval 
that would be caused by the universal adoption of 
the metric system. My paper at the British Asso- 
ciation meeting in September (see page 359, ante) 
was necessarily too brief to cover the subject and 
I hope to do more justice to the theme in the near 
future. But in giving the History of the Metric 
System I hoped that people would see for themselves 
what adoption would mean. France was largely 
agricultural in 1789, but even after 50 years it 
required severe penalties to enforce the metric 
system. Even to-day one hears of the pouce and 
the sou and the livre, and all over the Continent 
people speak of quarters of an hour. 

I have never opposed the metric system. To do 
so would be as wise as Dame Partington’s trying to 
sweep back the Atlantic. But I shall always oppose 
the efforts of academic people who have never 
engaged in manual work, retail trade or agriculture, 
to impose on those who have to do such work, the 
use of an artificial system of units devised by mathe- 
maticians. If English mechanics wake up one fine 
morning to find that they have lost their lovely 
twelve-inch “ straight-edges ” or their beautiful box- 
wood 2-ft. rules, they will know that they have 
once more suffered at the hands of ideologists ; 
simpletons who are fascinated by simplicity. It is 
difficult for practical men who are intent on jobs of 
work to treat the metric agitations seriously. A 
meter is all very well for gas, but it never will be a 
good yardstick. 

Yours faithfully, 

Ware. H. S. Row tt. 

November 27, 1948. 





THE IRON#AND STEEL 
INSTITUTE. 


(Continued from page 522.) 


WE continue below our report of the annual 
Autumn Meeting of the Iron and Steel Institute, 
held under the chairmanship of the President, Sir 
Andrew McCance, LL.D., D.Sc., F.R.S., on Wed- 
nesday and Thursday, November 10 and 11, at the 
Offices of the Institute in London. 


Incot STRUCTURES. 

The first paper considered on Thursday morning, 
November 11, dealt with ‘‘ Ingot Structures in a 
Series from Rimmed to Killed Steels Made from the 
Same Cast.” It was by Dr. P. M. Macnair, metal- 
lurgist to Messrs. Richard Thomas and Baldwins, 
Limited, who stated that a series of ten 1l-ton 
ingots of 0-10 per cent. carbon steel, ranging from 
the so-called ‘‘ box-hat,” through rimming and 
rising, to completely killed steel, had been made 
from the same cast by additions of iron oxide and 
aluminium to the moulds. The aim had been to 
vary the free oxygen only and to keep all the other 
factors as eonstant as possible. Vertical cross- 
sections through the centre line had been prepared 
and the ingots examined for blow-hole appearance 
and chemical segregation of the major elements, 
carbon, sulphur, phosphorus and manganese. In 
the box-hat ingot the first metal to set was the 
chilled skin, which was followed by ingrowing 
dendrites. The fact that the blow holes had their 
characteristic elongated appearance, at right angles 
to the mould wall, were no doubt connected with 
the quite rapid rate of solidification. A box-hat 
steel was a true rimming steel, and, in succession, 
the types were called sinking, level, and rising 
rimmers. With decreasing initial free oxygen, 
box-hat formations lessened, owing to decreasing 
initial rate of gas evolution, until the metal set 
level at the height to which it was poured in the 
mould. This was known as a “level rimmer.” 
Immediately before this stage was reached, box-hat 
formation was so slight that the setting ingot 
showed rim formation at slightly lower levels pro- 
gressively inwards, thus giving rise to the type 
known as “sinking rimmer.” In typical level- 
rimming steel, it was found that primary blow holes 
extended about half-way up the ingot and gave a 
moderate skin thickness. In the range of steels 
from box-hat to rising rimmer, there was a decreasing 
amount of reaction of the most rapid type, and thus 
a decreasing thickness of solid skin below the 
chilled layer. The essential difference between a 
semi-killed and a killed steel would appear to be 
that the former gave blow holes at the top centre, 
whereas the latter gave a shrinkage cavity. 

Dr. C. H. Desch, F.R.S., who opened the dis- 
cussion, said that after a good deal of discussion in 
the earlier meetings of the Ingots Committee on 
the theory of the solidification of ingots, a return 
had been made to the principles enunciated some 
time ago, which were now found to be sufficient to 
account for ingot structures. If the differential 
freezing, produced by the solidification of the upper 
portion of the ingots before the reactions in the 
interior were completed, were taken into con- 
sideration, the peculiarities of these structures were 
fully accounted for. This seemed obvious now, but 
in the earlier days of the Ingots Committee there 
was a good deal of controversy on these points, and 
certain members of the committee would not accept 
the principle of differential freezing as being suffi- 
cient to account for the structure of ingots. 

After several other speakers had taken part in 
the discussion, Dr. Macnair said that he would 
reply in writing. 

Incot SurFace DEFECTS. 


The second paper considered on Thursday 
morning was entitled “‘Ingot Surface Defects in 
Structural Steels.” In presenting it, the author, 
Dr. L. Reeve, who is chief metallurgist at the 
Appleby-Frodingham Steel Company, Scunthorpe, 
stated that there was still far from complete agree- 
ment concerning many of the factors involved in 
the production of defective steel. Most of the steel 
used for structural purposes was of the so-called 
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“balanced” or “‘semi-killed” type, in which a 
very weak rimming action was controlled by 
deoxidisers to an extent sufficient to give a thin- 
skinned ingot with sub-surface blow holes, without 
undue segregation. It was generally agreed that 
there were two main groups of controlling factors 
in the production of ingot defects, namely, those 
acting in the furnace and largely associated with 
steelmaking chemistry and those acting outside 
the furnace and associated with temperature and 
teeming conditions. The chemical factors con- 
sidered were sulphur, carbon, manganese, oxygen 
and hydrogen, while the influence of the tempera- 
ture and teeming conditions on the rate of growth 
of the ingot skin, during and immediately after 
teeming, had been investigated. A detailed statis- 
tical analysis of the causes of defects in steel pro- 
duced from 19,600 tons of 85-cwt. ingots of balanced- 
quality carbon steel, used for making joists, had been 
carried out in 1943. It had been found that under 
normal conditions the lowest defectives were ob- 
tained in the low-sulphur groups and that the best 
overall results had been obtained in the inter- 
mediate temperature groups, both very hot and 
very cold steel being undesirable. It had also been 
found that smaller nozzles, of 14 in. diameter, were 
preferable to those of 2 in. diameter, particularly 
with hot steel and high sulphur. A technique 
involving the cutting of corner samples from large 
ingots had been developed. Records of defective 
steel, produced after rolling the ingot, could be 
related to the depth of the skin in the original 
ingot. A statistical study of about 50 ingot corners 
taken from 10-ton ingots had indicated that skin 
thickness was greater with relatively cold steel at 
teeming, high aluminium additions to the mould, 
cool moulds, and low phosphorus content. These 
factors were probably similar to those controlling 
skin depth in fully-rimming steels, but the range of 
depth in these structural steels was considerably 
narrower. 

Dr. P. M. Macnair, who opened the discussion, 
said that a semi-killed steel contained no primary 
blow holes and had no shrinkage cavity, such as a 
killed steel had, but it contained a number of small 
blow holes at the top of the ingot. A balanced 
steel was one which, in addition, contained a few 
blow holes at the top end only of the ingot. If the 
blow holes extended much further than the top end, 
the range of the rising steels was entered. The 
author had used the term “‘ very weak balanced 
steel” for what probably should be termed a very 
weak rising steel. The rimming action and the 
rising action were, he believed, totally different. 
The next speaker, Mr. N. H. Bacon, said that the 
question of balanced steel was a source of great 
misunderstanding. Balanced steel could be made in 
two ways; either by reducing the degree of oxidation 
of the steel by additions to the ladle or by making a 
rimming or effervescing steel, and adding to it, as 
soon as it filled a mould, 4 oz. of aluminium for 
every ton of steel. This killed the top of the ingot 
and it froze across with the result that further 
blow hole formation ceased at once. Dr. Reeve, in 
a brief reply, said that obviously there had been 
some confusion regarding the true and strict 
definition of balanced steel. He agreed with Dr. 
Macnair that they were not really rimming steels, 
even when there was some skin and primary blow 
hole formation. He would willingly, therefore, use 
the term “rising,” although he noticed that Mr. 
Bacon used the word rimming. 

OpEn-HEARTH FURNACE INSTRUMENTS. 

The next two contributions were discussed 
jointly. The first, ‘‘ Open-Hearth Furnace Instru- 
mentation,” was by Mr. E. Rogers, of the British 
Tron and Steel Research Association, and the second, 
“First Report of the Open-Hearth Instruments 
Sub-Committee,” was by Mr. F. L. Robertson, 
past-chairman of the Sub-Committee. In presenting 
his paper, Mr. Rogers stated that instruments could 
be divided into three classes, namely, Class P 
(Primary), comprising instruments which allowed 
an operator to control the process in accordance 
with the manager’s instructions ; Class S (Second- 
ary), comprising instruments which were not of the 
first importance, but which were useful for routine 
fault-finding and checking ; nd Class R (Research), 
comprising instruments which would enable a 


manager to obtain data for the most efficient 
operation of his plant. Class P instruments included 
apparatus for measuring gas or oil and air flow at 
the valve, furnace pressure, maximum roof tempera- 
ture, air-uptake temperatures, the calorific value of 
the gas, the gas temperature at the valve, the gas- 
main pressure, the liquid-steel temperature, and the 
reversal time. Class S instruments measured the 
pressure in the gas uptakes, the stack draught, the 
temperature at the base of the air chequers, and 
the waste-gas flow. Class R instruments were used 
to measure the true air-preheat temperatures, the 
CO, in the waste gases, and the flame radiation 
and emissivity. 

Mr. F. L. Robertson, in presenting the First 
Report of the Open-Hearth Instruments Sub- 
Committee, said that for new steelmaking installa- 
tions, and the modernisation of existing installa- 
tions, the Sub-Committee suggested that an auto- 
matic pressure-control instrument for the gas main, 
gas and air meters, a pressure recorder on the top 
of each of the gas chambers, a stack draught gauge, 
a furnace-pressure recorder, a roof-temperature 
recorder, and an immersion pyrometer outfit were 
essential to the proper working of a furnace. Other 
instruments, such as an automatic furnace-pressure 
regulator, a CO, recorder for fuel gas, an air-chequer 
top-temperature recorder, and a timing device set 
to give a signal for reversal were also desirable. 

The discussion was opened by Dr. A. H. Leckie, 
who stated that Mr. Robertson and the Sub- 
Committee had one main theme, namely, that the 
ultimate responsibility for running the furnace 
plant must remain that of the melting-shop mana- 
ger; instruments would do nothing to diminish that 
responsibility. What they did was to ease the load 
of responsibility for all concerned in the melting 
shop. There were still, however, many furnaces 
without instruments operating in this country, but 
the fact remained that they would do much better 
if they were provided with the proper equipment. 
One other point was that Mr. Robertson had said 
that there was no automatic roof-temperature gas- 
flow regulator. That was true when the report was 
drafted, but, in the last few months, at least one 
such instrument had been developed. Mr. Rogers 
had mentioned the importance of metering and 
recording the waste-gas flow. This needed emphasis, 
and he was convinced that waste-gas metering was 
one of the most important measurements needed for 
proper furnace operation, and it was relatively easy 
to carry out. There were already several furnaces 
in this country working with a considerable degree 
of automatic control and, in this direction, we were 
likely to see revolutionary changes in steelmaking 
plant during the next ten years. 

Dr. D. F. Marshall said that the success of an 
instrument application depended to an equal 
degree on the instrument itself and on the means 
taken to ensure that the instrument was used 
efficiently. At the works of the Park Gate Iron 
and Steel Company, Limited, instruntents had been 
installed on their oil-fired furnaces for measuring 
fuel and air flow, roof pressure and temperature and 
flue outlet temperature. Before the instruments 
had been installed, however, the whole question 
had been discussed with the furnacemen and the 
principles of a simplified, standard furnace-operating 
technique explained. Two members of the staff 
had been assigned to each shift ; one of them helped 
the furnace crews to learn how to use the instruments 
and also used the instruments to detect furnace 
operating troubles. The second member of the 
staff acted as an instrument maintenance man. 
After eighteen months’ experience, it could be said 
that the scheme had worked very closely to original 
expectations. Recently, immersion pyrometers had 
been installed at each furnace. The detailed 
study of the records produced had given the manage- 
ment invaluable information regarding shop opera- 
tion, the steelmaking process and the performance 
of individual furnaces. 

Dr. J. H. Chesters, the new chairman of the 
Open-Hearth Instruments Sub-Committee, said 
that a handbook of instrument practice, with 
particular reference to open-hearth furnaces, was 
being prepared. It was proposed to publish it 
in loose-leaf form, so that new additions or revisions 





could be incorporated easily, and corrections 





circulated to everyone concerned. Further funda- 
mental research was needed on certain instruments, 
while work on problems connected with automatic 
control would be the main item for the next five 
years. The next speaker, Mr. R. C. Baker, said 
that one other aspect of instrumentation which 
required emphasis was that the instruments must 
be arranged in such a manner that the melters 
could easily see and understand them. For that 
reason, it had been found useful to record roof 
temperature, gas flow and air flow on one recorder 
chart. Mr. R. Jones, who spoke next, said that 
at the No. 2 melting shop of the Shotton Works of 
Messrs. John Summers and Sons, Limited, Chester, 
there was a total of 84 instruments for a battery 
of eight furnaces and this figure did not include 
gas-plant instrumentation. The charts from all 
the furnaces in commission, covering the previous 
24 hours’ work, were examined at 9 o’clock each 
morning. Any deviation from stipulated instruc- 
tions were dealt with, and, during the last twelve 
months no instrument had been out of commission 
for a period exceeding 30 minutes. He was rather 
surprised to note that in both papers under dis- 
cussion the instrument for recording the gas-port 
pressure was placed in the secondary class. This 
was an essentially primary contro] instrument 
intended to assist the manager in ensuring that the 
characteristics of the gas-port, as constructed, 
were maintained. In closing the discussion, Dr. 
J. A. Hall said that a programme of work to investi- 
gate the real significance of the readings given by 
roof pyrometers had been commenced at the 
National Physical Laboratory. A photographic 
technique, adapted to an exploration of the bright- 
ness of open-hearth furnace roofs, had been adopted. 

In a brief reply, Mr. E. Rogers stated that it had 
been found advisable, in the case of large works, to 
specify a list of instruments, regarding particular 
items in which managements had to “ contract out.” 
Thus, they were asked to state, not which instru- 
ments they would put in, but which instruments 
they did not desire to adopt. Mr. F. L. Robertson 
also briefly replied. 

Siac Basiciry. 

The next paper discussed described the ‘‘ Rapid 
Estimation of Slag Basicity,” and was by Mr. W. A. 
Smith, Mr. J. Monaghan and Mr. W. Hay, who are 
members of the staff of the Department of Research 
and Technical Development (Scottish Branch), 
Stewarts and Lloyds Limited, Coatbridge, Lanark- 
shire. Mr. Smith, who presented the paper, stated 
that a method of estimating slag basicity had been 
proposed in 1945 in the United States by Philbrook, 
Jolly and Henry. In this, the faint alkalinity 
produced when a small portion of ground slag was 
shaken with water was measured by a pH meter. 
Experiments had been carried out using this method, 
but examination of all the relevant factors had 
failed to improve the accuracy of the V ratio, 
namely, Ca0Q/(SiO, + P,O;), beyond + 0-3 per 
cent., whereas it was considered that an accuracy 
of at least + 0-15 was desirable. The conclusion 
drawn from the experiments was that the standard 
of accuracy desired for slag control was not inherent 
in the method. A new method had been developed 
whereby the specific conductance of the water 
extract was measured and related to the V ratio 
of the slag, and it had been ascertained that on homo- 
geneous slags the V ratio could be estimated within 
the desired accuracy of + 0-15 in a little over 20 
minutes. The method, however, suffered from the 
serious disadvantage that it could only be applied 
to homogeneous slags approaching equilibrium. 
The presence of undissolved lime in the sample 
raised the conductivity of the extract considerably 
giving erroneous results. 

Mr. W. L. Kerlie, who opened the discussion, 
stated that there would be little doubt that the paper 
was of immediate practical importance to industry 
and research. The authors had provided a tool 
whereby the basicity of an open hearth slag could 
be determined accurately and quickly. The only 
other speaker, Mr. F. L. Robertson, asked the 
authors to explain how best their method could 
be used on the stage of an open-hearth melting 
shop. Mr. Smith briefly replied, and the President 
adjourned the meeting until 2.30 in the afternoon. 

(To be continued.) 
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THE BEHAVIOUR OF H.M. SHIPS 
DURING THE WAR.* 


By N. G. Horr, C.B.E., R.C.N.C., and 
Capratn (E) F. E. Cremrtson, R.N. 


Durine the second World War, ships of the Royal 
Navy saw long and exacting service in every part of the 
globe. Rest for ships, machinery and men, for repair 
or recuperation, was hard to provide, and many ships 
endured long and dangérous service with continuous 
steaming for weeks on end over a period of years. The 
ships were, to a great extent, planned and designed 
before the outbreak of war—in some instances, years 
before the outbreak of war—but in general they proved 
adequate to meet conditions more exacting than had 
ever been contemplated, or could have been accepted 
in time. 

tructural failures due to bad weather are un- 
likely in peace time, because prudent seamanship is 
exercised, but, in war, operational necessity may be 
overriding. One very bad gale experienced by the 
Home Fleet in the spring of 1943, just south of Iceland, 
had interesting aspects. The wind increased rather 
quickly from force 7 or 8 to a hurricane logged at force 
12, and the resulting sea was very high and relatively 
very short. H.M.S. King George V and other ships, 
including an escort carrier and destroyers, were prac- 
tically hove to at 6 to 7 knots with the wind and sea 
forward of the port beam, and there is no doubt that 
the destroyers were making better weather of it than the 
much larger battleship. The light hulls of destroyers, 
provided that speed can be adjusted to suit the sea 
conditions, are always happier than the heavy battle- 
ship. In this case, H.M.S. King George V shipped a 
good deal of water, including one particularly bad sea 
which carried a well-secured cutter clean over the side 
from the catapult deck, shifted and heavily damaged 
boats on the boat deck about 30 ft. above water-line, 
and caused a fair amount of flooding to “‘ B”’ engine- 
room through the ventilation trunk. The King George V 
class suffered appreciably on service from the relative 
lack of sheer forward. This sheer had been reduced 
below what was desirable, to meet the requirements for 
the fire of the main armament right ahead; and the 
freeboard forward had been reduced still more by the 
unavoidable increase of displacement caused by the 
application of war experience after the completion of 
the ship. It is only fair to add that the shipping of a 
bad sea on this particular occasion was not affected by 
this lack of sheer forward. 

In this same storm, but a few miles away from the 
rest of the fleet, H.M.S. Sheffield lost the roof of one of 
her 6-in. turrets when the turret was struck by a 
heavy sea. Much argument prevailed in the ward- 
room on the actual height of the waves on this occasion. 
One school of thought was convinced the waves reached 
a height of 80 ft., while the other half of the wardroom 
willingly agreed on 45 ft. but would not go higher; 
the captain hi was firmly in favour of 80 ft. On 
arrival in Iceland to visit some destroyers and the 
escort carrier, the opportunity was taken to collect 
opinions from the commanding officers (all experienced 
seamen) on this question, and it is interesting to note 
that, in each case, the commanding officer quoted a 
height of wave roughly corresponding to the height of 
his own eye above water—45 to 50 ft. in destroyers and 
the escort carrier, and 80 ft. in H.M.S. King George V. 
It was not possible to measure wave heights or lengths 
during the , but the most conservative estimate 
Foca height of 40 to 45 ft. and a length of 550 to 

An experience in -H.M.8. Nelson when passing 
through a gale in the Bay of Biscay in the summer of 
1943 = an interesting comparison with H.M.S. 
King George V. The latter ship had a period of about 
14 seconds and the former one of about 11 seconds, and 
this very quick period in H.M.S. Nelson was quite 
surprising in so large a ship, and resulted in a large 
proportion of the men’s kit lockers lying flat on their 
backs throughout the gale. 

Some of the County-class cruisers endured possibly 
the worst weather conditions in their service over a 
period of years in the Denmark Strait. In many ways, 
they were ideal for the work, being large and com- 
fortable ships with splendid accommodation and large 
freeboard ; but they were 15 to 20 years old, they had 
been lightly built originally so as to comply with the 
Washington Treaty, and war-time requirements had 
added considerably to their displacement. The result 
was that the general structural strength was near the 
limit, in some ships, general leakiness was a continual 
trouble. In H.M.S. London, for example, war-time 
additions included hangars, extra side armour and 
increased high-angle armament. It was appreciated 
that the increased load would require structural com- 
pensation, so the sheer strakes had been doubled over a 





* Paper read at the Autumn Meetings of the Institu- 
tion of Naval Architects in London on September 23, 
1948. Abridged. 





considerable length. This action, however, raised the 
neutral axis of the girder, and, as a result, the stresses 
on the shell became disproportionately high. These 
showed themselves by leaks in oil-fuel and reserve feed 
tanks, at the glands, etc. These defects were made 
good by fitting an oil-fuel settling and sullage system, 
and external ‘butt straps to the outer bottom below 
the bilge keels. The original arrangement of shell 
butts in this class, which had been perfectly satisfactory 
for many years, provided for internal straps only, which 
were stopped short at the boundary angles of the 
longitudinal bulkheads. 

Weather decks gave a certain amount of trouble, due 
mainly to hard driving in bad weather, and also, in 
some instances, due to over-light scantlings and con- 
struction. Destroyer forecastle decks had appreciable 
areas of 51b. to 7 lb. plating with single-riveted laps, and 
serious leaks developed when these vessels were driven 
into a head sea. Such leaks, not in themselves struc- 
turally serious, had a most serious effect on habitability 
below the deck, where a large part of the men’s living 
space was located. A satisfactory solution, without 
appreciable increase in wa was achieved by chang- 
ing to all-welded forecastle decks in later new con- 
struction. In destroyers then under construction, the 
plating was changed to a minimum thickness of 7 lb., 
with double-riveted laps. Breakwaters on forecastle 
decks also gave trouble in destroyers and in some of 
the larger ships. In destroyers, the shape of the break- 
water was changed to a form of cusp and, wherever 
practicable, all brackets were worked on the after side. 
In general, all brackets such as these should have the 
toe of the bracket ending on a girder and, particularly 
if riveted, should have a small lug or flange worked 
across the toe to avoid concentration of stress at the toe 
of the bracket. Pillars under forecastle decks, in both 
cruisers and destroyers, required strengthening against 
weather damage from the shipping of heavy seas. 

In the storm referred to above, one destroyer un- 
expectedly shipped a sea which distorted the fore end 
of the after superstructure. A door in the fore end was 
driven in and caused considerable flooding of the 
officers’ cabin flat below. This door had been pro- 
vided for convenient access to a warhead store, but it 
was subsequently blanked. This and other experiences 
demonstrated that square endings to forward ends of 
deck houses were bad, and that weather-deck doors and 
hatches should be kept to a minimum, carefully sited 
to get the best possible shelter from the sea, and 
designed with deep coamings and strongbacks if highly 
inconvenient distortion and leakage was to be avoided. 

Bilge keels gave some trouble which, in one or two 
instances, rendered the ship non-operational. In a 
few destroyers and smaller vessels, the bilge keel was 
peeled away completely, starting at the forward end ; 
and in one other case, the bilge keel was left hanging, 
giving the ship an unknown draught and the captain 
considerable anxiety. Panting stresses, causing local 
fractures of the hull plating at the forward end of the 
bilge keel, sometimes occurred. In practically every 
case, the trouble could be traced to two main causes, 
namely, carrying the bilge keel too far forward, and 
giving it too abrupt an ending. In general, and par- 
ticularly in smaller high-speed ships, there is everything 
to be lost and little to be gained by carrying the bilge 
keel forward of amidships. In destroyers, the average 
length of bilge keel forward of amidships is about 17 per 
cent. of the water-line length; 10 per cent. would 
probably be a safer figure for hard driving in bad 
weather. In the steam gunboats, the percentage as 
designed was 19 per cent., and this was reduced to 
6 a cent. as a result of damage during their first sea 
trials. 

Fleet carriers suffered fairly severe structural damage 
under the forward corners of the flight deck on more 
than one occasion due to pitching into bad head seas. 
The conflicting requirements of seaworthiness forward 
and a large square-ended flight deck for good flying 
qualities were very difficult to reconcile, and, as a 
result of war experience, the latest carriers have been 
modified forward to give a more gradual flare out from 
the water-line. Escort carriers suffered more fre- 
quently than fleet carriers from damaged structure for- 
ward, the open exposed forward end of the flight deck 
in the escort carrier being much more vulnerable than 
the plated-in, but heavily flared, bow of the fleet carrier. 
Also, while the welding of the main hull in the escort 
carriers was generally sound, the welding of the super- 
imposed structure supporting the flight deck was often 
very bad. 

A structural defect which was e in bad weather 
in a number of battleships, both old and new, was 
severe straining and fracture of the rivets in the heavy 
angles connecting the barbette ring armour to the 
deck plating. This barbette armour, about 40 ft. in 
diameter, comprises a very rigid cylindrical island in a 
sea formed by a large area of flexible weather-deck 
plating, and to keep two such items effectively united, 
when the ship is straining heavily in bad weather, is a 
difficult probiem. A lot of sea water found its way 
below, causing considerable inconvenience and loss of 





habitability. This was cured by fitting flexible sheet- 
steel curtain plates between the top of the barbette 
angle and the barbette. Since the war, the variation 
of stress in the weather deck across a typical section 
through a large barbette opening has been investigated 
at the Naval truction rch Establishment and, 
as a result, better structural arrangements could now 
be made in such cases. 

With the enormous number of miles steamed at high 
speed and the practice of zig-zagging, the rudders and 
steering gears led an extraordinarily hard life. A 
general policy of stiffening the os on the fore end 
of the rudders of many types of ship was found neces- 
sary, as fatigue cracks developed owing to vibration 
and, perhaps, some degree of corrosion fatigue, and 
portions of plating were sometimes found missing or 
peeled back on docking. One case, different from the 
above but of considerable importance, was that of the 
rudders of King George V class. In these ships the 
sections in way of the rudder were of pronounced 
“Y” form, with distinctly concave sections to the 
floor plates in the vicinity. This shape is such as to 
prevent the shell plating from giving appreciable 
resistance to sideways thrust on the lower pintle. The 
floor plates were connected to the shell by single angle- 
bars, single-riveted on each flange, and considerable 
stretch and shear of these rivets occurred within the 
first two years of service. Serious leakage occurred 
into the steering compartment, and the sideways 
movement of the top of the rudder head became so 
appreciable that fracture of the stern casting became 
an imminent risk. It was essential that entirely ade- 
quate modifications to this structure should be made 
before sending these ships out to a possibly long-term 
Pacific war, so double angles were worked, connecting 
the floor plates and shell, and additional athwartship 
webs were introduced to support the stern casting at 
the rudder gland. 

It is a little unusual to find a ship losing her rudder 
at sea, and it becomes even astonishing when that ship 
has two rudders ; but this did happen to an American- 
built Captain-class frigate, where the weight of each 
rudder was taken by a nut screwed on the lower end of 
each rudder post. These nuts were secured by small 
locking plates welded to the nut and to the rudder 
structure. Making the small assumption that the 
rudders were lost one at a time and not simultaneously, 
advocates of twin-rudder steering will be interested to 
learn that the commanding officer apparently was not 
aware of any lost steering efficiency prior to the loss of 
both rudders. 

Late in 1944, an aircraft carrier of the Illustrious 
class reported difficulties with steering when steaming 
at high speeds. There was excessive time-lag, after a 
turn, before the rudder followed the wheel back to 
amidships and, with the wheel amidships, there was a 
tendency for the rudder to wander about 24 deg. to 
port. Also, it was virtually impossible to steady the ship 
if the port rudder was required at speeds over 25 knots. 
Trials in another ship of the same class indicated a 
similar tendency, although not so severe. The remain- 
ing ships of the class did not appear to have noticed 
any such difficulties. In the design stage of these 
three-shaft ships, it was known that the rudder was 
overbalanced with the ship going ahead and the centre 
screw working, but trials had shown that the steering 
gear—of the electro-hydraulic type—always had 
sufficient margin of ag to deal with the maximum 
torque, ahead or astern, although the designed pump 
relief-valve settings had had to be increased. At the 
same time, peak torques occurred near the mid- 
position of the rudder, so that the pumps were working 
at high loads for the greater part of their running time. 

The investigations in the case of the ship concerned 
brought out the following facts. There was wear in 
the steering pumps, no doubt from the considerable 
running time at high loads, which seemed sufficient to 
cause the “‘ wander” of the rudder near the mid- 
position. The holding torque at about 10 deg. port 
rudder was considerably greater than originally. This 
seemed to point to an increase in the overbalance of the 
rudder—a new rudder, although to the same design, 
had been fitted since the ship was first built, and it was 
reported that the troubles had only been noticed since 
this new rudder was fitted. This overbalance would 
also in the tendency of the steering pumps to 
wear. The remedies which were adopted at the time 
were in the nature of palliatives. New or refitted 
steering pumps were installed, the relief valves were 
reset to a higher pressure, and a limit imposed on the 
maximum revolutions of the centre shaft. Later, 
a modified rudder was fitted in which the area forward 
of the axis was reduced to reduce the over-balance 
effect. These remedies seem to have cured the trouble, 
but it cannot be said that the precise cause of it has yet 

. It probably lies in the overbalance of the 
rudder, which resulted in the steering pumps working at 
high loads for the greater part of their time. Conse- 
quently, there was cumulative wear in the pumps, and 
they became incapable of exerting sufficient capacity. 

(T'o be continued.) 
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MOBILE FUEL-TESTING UNIT. 


In order to assist industrialists and factory owners 
to obtain full information regarding their fuel consump- 
tion and to work out heat balances for their plants, the 
Ministry of Fuel and Power have designed and con- 
structed a mobile testing unit, which is equipped with 
an extensive range of indicating and recording instru- 
ments. This unit will be available for visiting works 
in any part of the country and, it is hoped, will not 
only do something to convince the sceptical, especially 
among the smaller firms, of the advantages of “ instru- 
mentation,” but will assist undertakings in tracing 
heat losses. Even when works are fairly well equipped, 
the unit may be able to demonstrate the fact that the 
provision of further instruments would be beneficial 
and will enable managements to be shown where heat 
and power are being efficiently used and where they 
are being wasted. It may be added that, in the interests 
of national fuel economy, the services of the unit are 
given free, and that on the completion of each test the 
management will receive a full report with conclusions 
and recommendations. 

The unit itself consists of a van which was originally 
designed for transporting delicate radar equipment 
over rough ground, but has been thoroughly recon- 
ditioned by Page Motors, Limited, Epsom. The interior 
floor space of this van measures 15 ft. by 8 ft. in plan, 
and along one side are fitted a number of aluminium 
panels an which the various test instruments are 
mounted, as shown in the accompanying illustration. 
These instruments include a six-point temperature re- 
corder, which can be used on three ranges—0 to 
500 deg., 0 to 1,000 deg., and 0 to 1,600 deg. C., two two- 
point temperature recorders, a number of temperature 
indicators of various ranges with multi-point selector 
switches, a steam-flow indicator, a CO, recorder and 
indicator, and two steam-flow recorders—one using the 
normal mercury U-tube differential and the other an 
aneroid bellows differential; both are provided with 
three range tubes to give full-scale deflection with the 
same number of different flows. The aluminium panels 
are all of the same size and can be detached from the 
frames to which they are fixed in the van and secured to 
portable stands. This enables any of the instruments to 
be used on or adjacent to the plant it is desired to test 
or in positions to which it would be inconvenient to 
bring the van. When a supply of electricity is neces- 
sary, this is obtained through flexible leads from plugs 
and sockets in the van. These plugs and sockets are 





connected to the mains in the works through cables 
which are carried on a drum. Connection can also 
be made to a trickle charger on the van itself for the 
purpose of “ topping-up ”’ the starting and lighting bat- 
tery. Adjacent to these instrument panels is a small 
desk, above which is a locker for books and papers. 

Along the other side of the van is an engineer’s 
bench, on which any necessary repairs can be carried 
out, while below is a series of cupboards and drawers 
in which a full range of tools is stored, so as to 
render the unit independent of local resources in this 
respect. Above the bench are a number of indicating 
draught gauges, while other instruments include pres- 
sure recorders with a variety of ranges from a few inches 
water gauge to 500 lb. per square inch, a modified 
Orsat gas-analysis equipment, water testing apparatus, 
a workshop potentiometer, a millivolt meter, a multi- 
rr e ammeter, a kilowatt meter, a tachometer, a 
surface pyrometer and a steam-engine indicator, as 
well as supplies of chemicals and reagents. A range of 
orifice plates and carrier rings, suitable for pipe sizes 
up to 6 in. bore, is also carried. 

The provision of a van of this type was first suggested 
by Mr. J. B. M. Mason, chief fuel engineer of the 
Ministry of Fuel and Power, while Mr. L. Clegg, one 
of the fuel engineers of the Ministry, was responsible 
for its equipment. 





LECTURE ON THE STEEL COMPANY OF WALES.—A 
joint meeting of the Iron and Steel Engineers Group of 
the Iron aid Steel Institute and the Institution of Pro- 
duction Engineers, Sheffield Section, will be held at 
6.30 p.m. on January 12, 1949, at the Royal Victoria 
Station Hotel, Sheffield, when Mr. W. F. Cartwright will 
speak on “‘ The Steel Company of Wales—Development 
at Port Talbot.” 


SAND FOR DETERMINATION OF AGGLUTINATING VALUE 
or Coat.—A fresh quantity of standard sand for the 
determination of the agglutinating value of coal according 
to British Standard Specification No. 705-1936 is now 
available. This is the second supply of the sand to 
have been prepared by the Fuel Research Station of the 
Department of Scientific and Industrial Research. The 
sand is supplied in 7 Ib. tins, costing 11. 3s., post free 
in the United Kingdom. Applications should be 
addressed to the Director, Fuel Research Station, 
Blackwall-lane, Greenwich, London, S.E.10. 





MANCHESTER-SHEFFIELD RAILWAY 
ELECTRIFICATION. 


In an address to the Rotary Club of Ashton-under- 
Lyne, on: Monday, November 29, Mr. George Dow, 
Press Relations Officer of British Railways (Eastern and 
North Eastern Regions), reported on the progress and 
future prospects of the Manchester-Sheffield-Wath 
railway-electrification scheme. The Manchester-Shef- 
field main line, he said, is one of the most difficult 
in the country to operate. It has very severe gradients, 
and near its summit the Pennine Ridge is pierced by 
the Woodhead double tunnel, which is more than 
three miles long. Extremely dense traffic has to be 
worked over this route; about six out of every ten 
trains convey coal, and nearly 100 trains pass daily 
in each direction. The tunnels are difficult to ventilate 
and the smoke is a nuisance to enginemen and destruc- 
tive to the tunnel linings and rails. 

Plans for electrifying the Manchester-Sheffield line, 
together with certain branches, including that to 
Wath-on-Dearne via Worsborough Dale, were an- 
nounced in 1936 by the directors of the L.N.E.R. 
Their decision was influenced by the heavy traffic, 
the exceptional geographical features of the route, 
and its favourable position in relation to power supply. 
It was estimated that electrification would increase the 
traffic capacity of the tunnels by at least 25 per cent., 
and the rails would have a much longer life. At present, 
the life of standard bull-head 95-lb. rails is three to 
three and a half years, compared with 15 to 17 years 
for rails in the open. 

Preliminary work on the scheme was well in hand 
when it was suspended owing to the war. It was 
resumed in the late summer of 1947, and the following 
lines are now being electrified (a total of 75 route miles 
and 330 track miles): Manchester (London Road) to 
Sheffield and Woodhouse (Rotherwood sidings) ; 
Penistone (Barnsley Junction) to Wath via Wors- 
borough; Glossop branch; Stalybridge branch as 
far as Dukinfield; Oldham, Ashton and Guide Bridge 
branch up to and including Ashton Moss sidings ; 
Fairfield to Manchester (Central) and Trafford Park 
sidings; and Ashburys to Ardwick goods yard and 
Midland Junction. Overhead-line conductors, using 
direct current at 1,500 volts, will be employed. 

Steam locomotives will generally be confined to shunt- 
ing in marshalling yards and sidings. Local passenger 
services between Manchester ‘eit Road) a 
Hadfield and Glossop will be provided by eight three- 
coach multiple-unit trains of the open-saloon type, 
and the train mileage will be increased by about 
48,000 per annum. Other train services and banki 
duties will be performed by a fleet of 85 electric loco- 
motives capable of a speed of 65 miles an hour, which 
will be the maximum allowed over the electrified lines. 
The change-over points for passenger trains between 
electric and steam traction will be at Manchester 
(Central), Guide Bridge, Godley, Penistone and 
Sheffield (Victoria); and for freight trains at Trafford 
Park, Ashburys (Midland Junction), Ashton Moss, 
Guide Bridge, Mottram Yard, Sheffield (Bernard Road), 
Wath, Godley, Woodhouse (Rotherwood sidings) and 
Wombwell. New locomotive sheds are being built 
at Darnall and Wath, and an electric running and 
repair depot at Reddish. The existing signal system 
will be retained, except that electric colour-light signals 
will replace all distant semaphore signals. 

Tenders for a new double tunnel at Woodhead, which 
will cost over 2,500,000/., are now being considered. 
It is hoped that the down line will be brought into 
use in October, 1951, and the up line about April, 1952. 
The old down-line tunnel will be closed, but the old 
up-line tunnel may be retained as additional for east- 
bound traffic. The new single-line tunnel at Thurgo- 
land was brought into use for steam traffic on October 3, 
1948. At the present time, about 30 per cent. of the 
foundations for the overhead lines have been completed, 
and about 15 per cent. of the structures erected. In 
areas subject to colliery subsidence, the structures are 

in H-form, so that if the vertical members 
subside the horizontal members can be raised. Where- 
masonry-arch bridges do not provide space for over- 
head equipment, the tracks are being lowered or new 
prestressed-concrete beams are being constructed. 

The first electric locomotive for the line, which was 
built in 1941, is in use on the Netherlands Railways, 
where it has run 100,000 miles, hauling passenger trains 
of about 350 tons at 55 to 60 m.p.h., and freight trains 
weighing up to 1,750 tons. The construction of the 
remaining locomotives will probably be commenced 
in July, 1949. It is hoped to open the electrified line in 
three stages: the Wath-Dunford section in March, 
1951; the Dunford-Manchester section, including the 
Glossop branch and Reddish depot, in March, 1952 ; 
and the Rotherwood-Sheffield-Barnsley Junction and 
Fairfield Junction-Manchester lines in December, 1952. 
The whole scheme will have cost about 6,000,000/., 
and the saving in coal consumption, as between steam 
and electric traction, will be about 100,000 tons per 
annum. 
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THE CROMPTON HISTORIC 
ELECTRICAL COLLECTION. 


A COLLECTION of machines, instruments, are lamps and 
other electrical apparatus, as well as design records and 
photographs, is now on view at the Chelmsford works 
of Messrs. Crompton Parkinson, Limited, Astor House, 
Aldwych, London, W.C.2. This display has been 
arranged to demonstrate the pioneer work of R. E. B. 
Crompton in the evolution of engineering science over 
a period of more than half a century; and all of it 
has been in service for periods of from 40 to 60 years. 
It therefore forms a permanent record of the early 
work of Crompton a his associates, and should be 
bang Ss a visit by engineers. 

In broad terms, Crompton’s achievements are well 
known to readers of ENGINEERING. It may be recalled, 
however, that after having inaugurated steam-mechani- 
cal road transport in India in the early seventies of 
last century, he returned to this country and quickly 
established himself as an authority on electric lighting. 
One of his first tasks was to design an arc lamp with 
automatic regulation, which was exhibited in London 
in 1879; an example of it is included in the collec- 
tion. In collaboration with Burgin, he also did 
a good deal of work in improving the design of dynamos, 
and with Kapp invented the compound field winding. 
The construction of machines of this era, and of others 
which followed them, can be appreciated by inspecting 
the exhibits covering this toon of his work. In this 
connection it is interesting to note that two 300-kW 
machines, which were built by Crompton in 1886, were 
not only the largest in the world at that time, but 
were the first in which twisted, stranded and laminated 
conductors were used. Among other interesting ma- 
chines in the collection, one in particular deserves 
special mention. This is a single-bearing dynamo with 
an output of 45 amperes at 110 volts, the armature and 
commutator of which are unsupported at one end and 
overhang the long single bearing. 

Other exhibits in the collection include examples of 
the early switchboards and accumulators, for the manu- 
facture of which Crompton’s were responsible, as well 
as an underground locomotive built in 1896. Naturally, 
a large section is also devoted to the development of 
instruments for the measurement of electromotive force, 
current and resistance, the design of which was among 
the most difficult problems of the early electrical 
engineers. An exhibit of particular interest in this 
section is an early Crompton potentiometer, but there 
is also a large range of ammeters, voltmeters and early 
astatic galvanometers. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ Karrawa ”’: ERRATUM.—Messrs. British Polar 
Engines, Limited, Govan, Glasgow, inform us that the 
two Atlas Polar Diesel engines constructed by them for 
this vessel have five cylinders and not six, as stated in 
our paragraph on page 490, ante. 


M.S. “ BRITISH WORKMAN.”—Single-screw oil tanker, 
built and engined by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 463 ft. 
(between perpendiculars) by 61 ft. 6 in. by 34 ft.; dead- 
weight capacity, about 12,280 tons. Six-cylinder single- 
acting four-stroke Harland-B. and W. Diesel engine, 
and two multitubular oil-burning boilers. Launch, 
November 16. 


M.S. “‘ Star OF AssuAN.”—Single-screw cargo vessel, 
carrying 36 first-class passengers, built by The Caledon 
Shipbuilding and Engineering Company, Limited, 
Dundee, for the Mediterranean service of The Alexandria 
Navigation Company, Limited, Alexandria. Main dimen- 
sions: 398 ft. 4 in. by 55 ft. by 32 ft.; deadweight 
capacity, 6,700 tons on a draught of 23 ft. 6 in. Doxford- 
type engines supplied by Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, to give a 
speed of 13 knots. Trial trip, November 16. 


M.S. “ Brirish Loyatry.”—Single-screw oil tanker 
built and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. Third of an order for 
seven. Main dimensions: 490 ft. by 61 ft. 9 in. by 34 ft. 
1 in.; deadweight capacity, about 12,300 tons on a 
draught of 27 ft. 7 in. Four-cylinder Doxford opposed- 
piston oil engine developing 3,300 b.h.p. Speed, 114 
knots. Launch, November 18. 


8.S. “ FARNELLA.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Messrs. J. Marr and Son, Limited, Hull. 
Main dimensions: 181 ft. by 30 ft. 6 in. by 16 ft.; gross 
tonnage, about 690; fish-room capacity, 15,000 cub. ft. 
Triple-expansion engines, and one oil-fired multitubular 
boiler, supplied and installed by Messrs. Chas. D. Holmes 
and Company, Limited, Hull. Launch, November 20. 





LABOUR NOTES. 


RECOMMENDATIONS that managements as well as 
employees must be provided with adequate oppor- 
tunities and incentives by the Government were con- 
tained in the report of the committee which was ap- 
— by the Federation of British Industries in 

ptember to investigate productivity problems. The 
report, which was issued on November 25, considered 
these incentives , Since managements bear 
the main responsibility for in i productive 
efficiency, and felt that, on this account, it was of little 
use for the Government to make appeals to workpeople 
direct. There was a great deal of evidence, it — 
that productive efficiency could be considerably in- 
creased in many firms without involving questions of 
capital, new equipment, or other restrictions which 
were imposed by present-day requirements. 





The committee, of which Sir Graham Cunningham, 
K.B.E., is chairman, recommended in its report that 
the trade associations in every industry should encour- 
age each firm individually to set for itself a target for 
an annual increase in productive efficiency over the 
next four years. The committee considered that an 
average increase of 20 per cent. over the country as a 
whole was necessary if it was to stand on its own feet 
at the end of that time. While the committee opposed 
the complete standardisation of a product throughout an 
industry, on the ground that this would stifle invention 
and retard development, it felt that much standardisa- 
tion remained to be done in some industries. It also 
recommended that industry should continue as rapidly 
as possible the movement away from price controls. 
The report is now being circulated by the Federation of 
British Industries to ascertain the views of industry 
generally on its provisions. 





Representatives of the Trades Union Congress and 
of the Labour Party met in London last week, under 
the presidency of Mr. Herbert Morrison, the Lord 
President of the Council, to discuss the administration 
of the nationalised industries. The joint meeting was 
the outcome of the resolution which was moved by the 

ted Engineering Union and the National 
Union of Railwaymen at the annual conference of the 
Labour Party at Scarborough in May, when complaints 
were brought forward that there was not sufficient 
union representation on the Boards of the nationalised 
industries. The resolution, it may be recalled, asked 
for the participation of the workpeople, through their 
trade unions, in the control and direction of all 
nationalised industries at every level. The principle 
on which the resolution was founded had, at the time, 
some opponents in the Government. It was eventually 
referred to the Party executive on an undertaking being 
given that there would be joint discussions between 
representatives of the Party and the Trades Union 
Congress on the subject. 





Although the General Council of the Trades Union 
Congress, in its report to the Congress in September, ex- 
pressed its opposition to direct trade-union representa- 
tion on the Boards of the nationalised industries, 
resolutions were at that meeting which asked 
for direct representation by the workpeople. As a 
result, the matter has probably been further discussed 
at meetings of the General Council. Following the 
Scarborough conference, the Labour Party appointed 
a committee on the administration and control of the 
nationalised industries. Its report and any further 
deliberations of the General Council, presumably, will 
now be available to the joint meetings which began 
last week and which are expected to continue for some 
time. They are also likely to cover a wide field, includ- 
ing not only industries already nationalised but also 
any which the Government may expect to nationalise 
in the future. The result will probably have a con- 
siderable effect on the Government’s election pro- 
gramme. 





Writing in the November Trade Report of the United 
Patternmakers’ Association, Mr. W. B. Beard, O.B.E., 
the Association’s general secretary, made an appeal 
for greater co-operation of the branches with the 
Association’s executive council on strike action. He 
writes: “‘ Members will know from circulars that have 
been issued by the Edinburgh and Leith branch that 
these members have been on strike and have now 
returned to work. ... My reason for referring to 
this unofficial dispute is on account of many letters 
I received which were considered by the executive from 
branches and district committees requiring to know 
whether they should support this dispute in view of 
the fact that it was unofficial. . . . Personally, I was 
placed in a difficult position when branches wrote to 





me asking whether they should support the appeal 
sent out by the branch and if, in my view, they should 
support the appeal, why then was the strike unofficial ?” 





Mr. Beard continues: “‘ The remarks that I am now 
making I do mostly for clarity, for never have I known 
an executive council of ours refuse to allow members 
to improve their conditions. I trust that not only 
will this matter have a successful conclusion, but that 
in future when action is contemplated by any branch 
on a matter which concerns a national agreement, that 
before such action is taken that at least the district 
committee and the executive should be apprised of the 
intention in time enough for them to make a decision 
on the question.” 





As has been the case with most trade unions during 
recent years, the United Patternmakers’ Association 
continues to make steady progress. The Association’s 
total membership at the end of October was 15,575, 
compared with 15,328 a year ago, an increase of 247 
in twelve months. During October, 98 new members 
were admitted, 24 members resigned, and a further 40 
were lost by death and exclusion. There were 929 
members in receipt of superannuation benefit, com- 
pared with 851 a year ago. In October, 1947, 31 
members were paid unemployment benefit, but no 
figure is given under this heading in the Association’s 
statistics for October last. 





Official figures published by British Transport Com- 
mission show that the Commission’s total staff increased 
from 782,295 on January 25 to 806,168 on October 3, 
an addition of 23,873 in just over eight months. To the 

for October 3. must be added the staff of the 
Commission’s head office, 149, and of the Railway 
Clearing House, 967, increasing the grand total on that 
date to 807,284. The staff figures for the head office 
and the Clearing House were not published for January 
25 and are not included in the total on that date, given 


above. 





The staff of the British Railways section of the 
Commission, which reached a total of 681,118 on Janu- 
ary 25, rose to 699,716 on October 3, a difference of 
18,598. Shown as one item on January 25, this section 
was divided on October 3 between British Railways, 
657,731 ; steamships, marine and docks, 25,088; and 
hotels and catering, 16,897. The total railway per- 
sonnel of 657,731 comprised 80,139 administrative ; 
351,215 operating ; 212,894 maintenance and construc- 
tion; and 13,483 engaged on work not included in the 
foregoing categories. The staff of London Transport 
increased from 97,044 on January 25 to 101,070 on 
October 3, a difference of 4,026; and of Inland Water- 
ways from 3,929 on January 25 to 5,382 on October 3, 
an increase of 1,453. Figures are not at present avail- 
able in respect of the staff employed in the road trans- 
port services operated by the Road Transport Execu- 
tive. 





The formal condemnation of the Communists by the 
Trades Union Congress General Council last week, 
issued after its special meeting to consider their activities 
in the trade-union movement, is an indication of the 
action which is likely to be taken where the General 
Council have the power. The General Council’s state- 
ment contains the recommendations that each union 
should consider whether it is in accord with the obliga- 
tions of loyalty to the union’s own policy, and to the 
trade-union movement as a whole, that any member of 
the union should serve on the industrial committees 
or national committees of the Communist Party, while 
holding office as an executive or delegate in the union. 
The General Council comment on the misinterpreta- 
tion in foreign countries of the British trade-union 
attitude by members of unions and trade councils 
invited, often in a purely personal eapacity, to gather- 
ings abroad. It is suggested that where a member or 
official of a union or trade council, of whose loyalty 
there is any doubt, receives a personal invitation to a 
conference or demonstration outside this country, a 
statement should be issued that he attends in his per- 
sonal capacity and not as an official representative. 
It states that in some areas delegates stay away from 
these bodies rather than be involved in unending dis- 
cussions which impede practical work. 





The index-of-retail-prices figure for food only re- 
mained at 107 on September 14, after falling from 113, 
on June 15, to 107, on August 17. For “all items,” 
the index figure stood at 108 on September 14, for the 
third successive four-weekly period, having declined 
from 110 on June 15. The figures for both food and 
‘* all items ” were taken as 100 on June 17, 1947, when 
the present index came into being. 
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THE INSTITUTION OF 
MECHANICAL ENGINEERS : 
PRESIDENTIAL ADDRESS.* 

By Caprarn (E) Witt1am Greason, R.N.R., M.Sc. 

Tue changes in engineering practice during the past 
40 years have been profound, and it is an uncomfortable 
thought that the two world wars have been the most 
potent influence in accelerating engineering progress 
during this period. Another dominating r has 
been the ever-increasing cost of fuel, as indicated in 
Fig. 1, herewith. This has had profound repercussions 
in every direction and certainly has been the driving 
force behind the present state of development in the 
generation of power on land and sea, and in the pro- 
duction of the basic materials on which construction 
depends. Still another factor has been the general 
increase in wages, which has meant concentration on 
labour-saving devices in the widest sense; perhaps 
“‘labour-aiding ” devices is the more apposite term, 
for their purpose is to allow everyone engaged on 
engineering work to increase his individual output and 
so, by increasing production, permit increased salaries 
and wages. Cheaper power with dearer fuel can only 
be obtained by technical improvement in the appa- 
ratus and processes of changing fuel into power. Such 
progress is to be seen in the development of the modern 
power station and of marine yo machinery. 
In the latter case, the rate of development is con- 
trolled by additional limitations in weight and space, 
and the greater risks attendant on breakdown. 

Forty years ago, power plants on land and sea at 
least had the outstanding merit of simplicity, but one 
and all were prodigal in their consumption of fuel, 
because excellent fuel, almost always coal, was in 
ready supply at cheap rates. Thus it came about that 
simple plants with low first costs were the order of 
the day. The worst offenders on the score of wastage 
of fuel were the small power units in industrial estab- 
lishments using single-expansion engines exhausting 
to atmosphere. The development of highly efficient 
power generation has been accompanied by an equal 
advance in more economic transmission and use of 
power. The work of the engineer has been outstanding 
in helping to meet the fundamental changes which have 
taken place in the economic field; in the power sta- 
tions coupled to the grid, the heat supplied as fuel 
per unit of power generated was more than halved 
between the years 1922 and 1938. The development 
of the marine internal-combustion engine as a source 
of power generation is in a category of its own, and it 
was the imperative challenge of the motorship, some 
25 years ago, that really put steam on its mettle and 
resulted in the great advances in technique which have 
produced a fuel reduction of some 40 per cent. in units 
of much smaller capacity than those employed in the 
selected power stations coupled to the oa. 

Forty years ago, tramp and cargo vessels were all 
driven by reciprocating engines taking steam from 
hand-fired coal-burning Scotch boilers. Three-crank 
triple-e ion engines were in eral use, though 
quadruple-expansion engines and four-crank triple-ex- 
pension engines were established for higher powers. 
With this type of machinery to start from, what has it 
meant to design and build machinery with tly re- 
duced fuel consumption per unit of power he answer 
lies in the advance made in the application of known 
thermodynamic principles, coupled with improvements 
in the efficiency of steam generation and usage. Each 
stage of progress has been controlled by the condition 
that realiability is the primary requirement of all sea- 
going machinery, and that increase in pressure and 
temperature has demanded the production of new and 
appropriate materials of construction. The improve- 
ments which have led to the-type of steam machine 
now generally accepted in marine practice include the 
use of increased steam — superheating, air 
pre-heating, multi-stage bled-steam feed heating, and 
more efficient auxiliary drives. 

The inception of the steam turbine and much of its 
development we owe to the late Sir Charles Parsons ; 
his work was fundamental to the modern advance in 
the use of steam on land or sea. In marine work, the 
second step in this advance also came from Parsons, 
when he introduced gearing to allow both the turbine 
and the propeller to run at the speeds most suited to 
them. Apart from its low weight and small size, its 
inherent mechanical simplicity and smooth running, 
the ability of the turbine to utilise high-pressure high- 
temperature steam, together with high vacuum, places 
it in a category of its own. The combination of the 
modern water-tube boiler and the steam turbine has 
steadily relegated the reciprocating engine and Scotch 
boiler to the low-powered range of vessel where, 
however, this type of propelling machinery still per- 
forms yeoman service, particularly where its economy 
is improved by the addition of a simple turbine at the 
low-pressure end of the engine. 


* Delivered at a meeting held in London on October 22, 
1948. Abridged. 
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It was in the early ’twenties that the battle between 
steam and Diesel for marine propulsion really began. 
As steam machinery improved, and as boiler oil began 
to take the place of coal as fuel, thus avoiding many 
of the disadvantages associated with coal, the i 
in operating costs between steam and Diesel i 
tions began to be reduced, and we have now reached 
the stage where the economic position of both is much 
more nearly equal when all allowances are made for 
interest on first cost, repairs, and maintenance, At 
the present time, oil-fired boilers and steam appear 
largely to dominate the field from 7,000 shaft horse- 
power upwards, and for lower powers the decision is 
made on realistic considerations of the type of service 
on which a particular ship is to be engaged. In tramp 
ships requiring only 1,500 to 2,500 shaft horse-power, 
the oil engine is still valiantly op by the modern- 
ised steam reciprocator, the selection of the latter 
being justified by the fact that the average tramp 
ship spends a large proportiou of its life in port, loading 
and discharging cargo. 

The other activity which has had a great effect on 
increasing overall efficiency is the continuous improve- 
ment in design and construction of steam generating 
plant. The scientific side of steam raising was 
neglected in the past, and I doubt if the hand-fired 
Scotch boiler gave an average operating efficiency as 
- as 70 per cent. on coal, based on the higher calorific 
value. Between 1914 and 1918, attention was focused 
on combustion conditions, not with improvements of 
efficiency as its first objective, but to reduce smoke 
formation when in convoy at sea. In the late ’twenties, 
the marine world became interested in the possibilities 
of mechanical firing, already well-established on land, 


Fig.1. 
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to improve combustion efficiency and to reduce labour. 
On paper, the use of pulverised coal appeared extremely 
attractive. For reasons peculiar to marine work, this 
method of burning coal did not prove satisfactory in 
service. The comparatively small size of the boiler 
units and their furnaces, the wide variations in the 
coal available at bunkering points, the high consump- 
tion of auxili power and the high maintenance 
costs cancelled the potential saving due to improved 
boiler efficiency. 

However, developments with mechanical stokers 
were very su The water-tube boiler, with its 
large area of grate, lent itself readily to the adoption 
stokers. A considerable number of 
ships were equipped in this way, and eventually boiler 
efficiencies of the order of 85 per cent. were obtained 
in service, this figure, of course, including the effect 
of improvements due to the fitting of large air pre- 
heaters and other ancillary equipment. Typical 
examples of successful mechanical-stoker installations 
at sea at the commencement of World War II were 
the Duke of York, then the most recent L.M.S. cross- 
channel mail steamer to go into service; the Dover- 
Dunkirk ferries of the Southern Railway; and, on 
deep-sea runs, the Amra class passenger-mail steamers 
of the British India Company. These all embodied the 
latest practice, but at that time the pioneer steamshi 
py mechanical stokers, a considerable proportion of 
the fleet of the Koninglijke Paketvaart Maatschappij, 
and the inter-war Beavers of the Canadian Pacific 
Steamship Company, had for years been giving satis- 
factory service. Developments in mechanically-fired 
Scotch boilers followed those in water-tube boilers, and 
a series of fruit- ships owned by Elders and 
Fyffes, operating on the Jamaica run, were extremely 
at sm conversions from hand to mechanised firing. 
However, the short supply of coal and its high cost 
put a stop to any further work in this development for 





the time being, except for certain special services, such 


as on the Australian coast, where coal still competes 
with oil and where the coal-burning ship with mechani- 
cal stokers is finding ready acceptance. The oil-fired 
boiler, generating steam at high pressure and tempera- 
ture, is now the direct competitor of the Diesel engine, 
and coal is normally only of interest for low-powered 


ships. 

Applied thermodynamics and improved efficiency of 
steam generation and usage are the two main factors 
which have led to high efficiency steam propulsion, 
but there are other contributory items; for example, 
it is quite useless to expect high-pressure water-tube 
boilers to operate successfully without very pure feed 
water, and we owe a great debt to the metallurgist for 
the introduction of the newer alloys for tubes of marine 
condensers, practically eliminating contamination of the 
feed by salt, and also to the work of chemists in studying 
the conditioning of water. Whereas steam-operated 
engine room and deck auxiliaries are still used in many 
ships, especially those of low power, the modern 
tendency is for all-electric drives with centralised 
electricity generation. In modern steamships, both 
steam-driven and Diesel-driven generating sets are 
installed, the steam sets being used at sea and the 


sadly | Diesel-engined sets in port, when the whole of the main 


steam installation is shut down. With the complete 
electrification of auxiliaries, the modern steamship 
relies on steam operation, apart from the main engines, 
only for the main feed pumps, which are normally 
turbine-driven, and for special apparatus such as the 
vacuum ejectors. ‘‘ Domestic ” low-pressure steam for 
hot water, accommodation heating, and galley pur- 
poses can be obtained either from a small independent 
donkey boiler or by taking reduced pressure and de- 
superheated steam from the main boilers. 

y adopting electric drive for auxiliaries, the modern 
steamship has taken advantage of a practice which 
was standardised in the motor ship at an early stage 
in its development. It was early appreciated that, 
with a motor ship, unless the steam available by waste- 
heat recovery from the exhaust gases was sufficient to 
supply the steam-driven auxiliaries, the consumption 
of oil in the donkey boiler for these multiple small 
units represented an undue proportion by weight of 
the total daily consumption of fuel. In practice, 
exhaust-heat recovery is sufficient for the heating and 
domestic requirements of the av passenger-cargo 
motor ship. In tankers, a considerable percentage of 
the engine-room auxiliaries can be supplied with 
steam from an exhaust-heat boiler, because the ship’s 
auxiliary requirements at sea in that class of vessel 
are normally low. Further, the four-stroke engine 
usually employed permits a more complete heat 
recovery than the two-stroke engine, owing to the 

igher exhaust temperature. 

with the oil engine over the past quarter 
of a century has been directed mainly to reduction in 
the cost of maintenance and repairs by improved 
design and by the use of special alloys for parts in 
contact with high-temperature gases, and also in 
reduction of weight per horse-power. There was 
formerly a tendency to rate up the older engines 
beyond the desirable limit in order to reduce weight 
and space, but this brought in its train an increase 
in maintenance. This phase has passed, and weight 
reduction has been effected by the use of double-acting 
engines for high powers, in certain cases by super- 
charging, and by the use of fabricated construction to 
replace heavy castings. In the latest developments, 
there is a tendency towards the adoption of high-speed 
units, geared down to the prope'ler shaft, with some 
form of flexible coupling in between, or with electric 
drive. 

Waste-heat recovery attracted my interest at a very 
early stage for quite simple reasons. To effect economy 
when using steam to produce power, we utilise as much 
of its heat energy as we can by multiple expansion, 
reducing it down to the full vacuum available: that 
is, we pass it through a series of appropriate stages to 
obtain optimum practical usage. Why, therefore, not 
apply the same ideas to industrial furnace work, and, 
a the heat involved in the primary process is taken 
up, do something useful with the remainder instead of 
rejecting it to atmosphere? The first and obvious 
way is by regeneration of the sensible heat in furnace 
exit gases by preheating the air of combustion—a 
system which has been carried out by the designers 
and builders of industrial furnaces of all kinds for 


PS | many years. Two-fold advantages accrue—a return of 


otherwise rejected heat to the circuit and a higher 
flame temperature. This is a salient requirement of 
the open-hearth steel furnace, where a high temperature 
over the metal in the bath of the furnace is essential, 
and where the requisite temperature would not other- 
wise be attainable when using a low-grade gas such as 
producer gas. Buta simple calculation shows that with 
certain fuels, particularly ‘“‘lean”’ gases, where the 
air-fuel weight ratio is low, there is still a high percen- 
tage of heat available, even after full economic recu- 
peration or regeneration is practised. 





This heat can be recovered as steam by appropriate 
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boiler plant designed to absorb heat by conduction, 
because, at these relatively low temperatures, radiation 
can play only a very small part. The particular type 
of heat-recovery unit with which I personally have been 
concerned for many years is based on using turbulent 
instead of streamline flow, the gases being accelerated 
by appropriate means (normally an induced-draught 
fan) to a speed above that of streamline flow. This 
phenomenon of turbulent flow causes the molecules 
of the gas stream to bombard the tube surfaces, with 
consequently increased heat transmission rate, and thus 
allows for a comparatively small and compact assembly 
of fire tubes incorporated in a shell to utilise effectively 
gases entering at or below 1,000 deg. F., and reduce 
them to a temperature only some 70 deg. F. above 
that of the saturated temperature of the steam gener- 
ated. There are various modifications of this process, 
but the general design covers the basic principles enunci- 
ated by Professors Osborne Reynolds and Nicolson 
at Manchester, and later applied by Mr. P. St. G. 
Krike. The particular class of waste-heat boiler 
described, for low-grade heat, is now also largely used 
for higher-temperature gases, of the order of 1,500 deg. 
F., rejected directly from furnaces with little or no 
air-regenerative equipment, thereby adding appre- 
ciably to the amount of steam generated per unit of 
main product. Increases in the cost of fuel have 
naturally had considerable effect in increasing the 
adoption of waste-heat recovery plants, and while the 
eost of the appropriate plant has approximately 
doubled since 1939, the cost of the equivalent fuel 
saved has risen at an even higher rate. 

The Lancashire boiler is a well-known steam generator 
and its inception dates from the middle of the last 





century. Sir William Fairbairn is believed to have 
been the designer of the earliest Lancashire boilers, as 
double-furnace versions of Richard Trevithick’s 
Cornish boiler. Except in size and pressure, it has 
remained much the same as it was in its early days, the 
only major modifications being in a more general 
adoption of the dished end to avoid staying, and the 
provision of corrugated flues to give ter flexibility. 
Providing its brick setting is kept air-tight to avoid cool- 
ing the gases by leakage inwards, and that secondary 
heat-absorbing surface is added, either in an economiser 
or air preheater, to pick up its reject heat, the Lanca- 
shire boiler, with good conditions of combustion, can 
be a highly efficient steam generator. 

Few users of the Lancashire boiler fully appreciate 
the reason why it is so effective as a heat absorber. 
The fuel is burnt in the water-surrounded furnaces 
and the rate of heat transfer in these furnaces can be 
very high if the temperature of the fire is maintained, 
because heat transmission radiation depends on 
the fourth power of the absolute temperature. Once 
the gases leave the furnace flues, they traverse the 
bottom and sides of the shell but, the flow being 
streamlined, heat transfer is low. High furnace tem- 
peratures should therefore be maintained, and this 
calls for mechanical firing to avoid the opening and 
closing of the furnace doors at regular intervals and 
the in-rush of air which cools the gases, and to reduce 
the percentage of excess air—another cause of low 

temperature. The Lancashire boiler is pre- 

dominantly a British invention and product, and many 

British firms have produced appropriate mechanical 
ing equipment for it. 

In the “ Economic” boiler, the combustion and 
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radiant heat-absorbing sections are similar to those of 
the Lancashire boiler, but the low-grade heat is 
absorbed in tubes arranged as a return pass in the shell, 
as in the Scotch boiler used in ship work. As with 
waste-heat recovery units, the Economic boiler has had 
its performance improved by designing the tubular 
section for turbulent gas-flow, the boiler having an 
induced-draught fan mounted on its shell to effect the 
requisite speeding up of the flue gases. 

It has been my fortune to have been associated with 
the design and operation of oil-burning gear for a long 
period of years; the great advances, of course, have 
been in burner-output and in wide-range control. 
The successful burning of oil depends on a series of 
factors: delivery of the oil at the burners at the 
appropriate pressure, and a temperature depending 
on its viscosity ; spraying it into the furnace in a very 
finely divided condition to ensure aeration; a design 
of throat with or without additional mixing devices ; 
and, finally, the positioning of the burner tips to give 
complete and speedy aeration to the oil particles. These 
collectively ensure complete combustion within the 
geometric limits of a anal flame-envelope. Combustion 
must be complete before the atomised oil comes into 
contact with the boiler heating surface or furnace walls ; 
otherwise trouble arises. With the small furnaces 
which are essential to marine boiler practice, this is a 
rule which cannot be broken with impunity. The 
somewhat lower grades of fuel oil which we now have to 
burn have brought their own particular problems. 
One has been salt-water contamination, causing 
chemical reaction between the silica in the bricks and 
the salt, with resultant formation of glass, which, 
having a different coefficient of expansion from the 
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original brick, causes spalling. Again, sulphates 
formed by the interaction of sulphur, oxygen, and salt, 
are dis to accentuate the bonding of deposits 
on the heating surfaces. 

Just before the 1939-45 war, a certain amount of 
interest was shown in marine circles in the possible use of 
a colloidal fuel of coal dust in oil. At that time, the 
Powell-Duffryn Company in South Wales was interested 
in finding a market for dust collected at the screens 
of a group of their pits where the coal contained a 
very low percentage of volatile matter. The Cunard- 
White Star Line, jointly with the Wallsend Slipway and 
py oe ne baa pd fired one of the Scotch boilers 
in the Scythia for some time on colloidal fuel and they 
later converted one of the water-tube boilers in the 
Berengaria. My company, jointly with the Powell- 
Duffryn Company, Limited, carried out experiments 
on a former naval boiler, fitted with an air preheater, 
at one of the pits near Aberdare—the colliery company 
providing the fuel, the proportions of which varied 
from 55 per cent. oil and 45 per cent. coal to a nearly 
even mixture. Combustion was excellent with a 
standard type of burner, provided the weight of oil in 
the colloidal mixture exceeded 50 per cent. and that a 
heat release of the order of 30,000 B.Th.U. per cubic 
foot of furnace volume per hour was not exceeded. 
Beyond this limit, differential combustion took place, 
and a proportion of the carbon particles was not burnt, 
but appeared either at the bottom of the furnace or 
in the flue gases as small cenospheres with centres of 
carbon covered by a layer of ash which prevented 
oxygen from completing the work of combustion. 
This limitation in rating was too low for competitive 
marine practice, and experiments were commenced 
in an endeavour to overcome the difficulty and allow 
of higher furnace ratings, at the same time avoiding a 
high proportion of unburnt fuel, but the war put an 
end to the investigation. 

ecy, even for the immediate future, must of 
necessity be highly unreliable because of the lack of 
stability of basic economic conditions. At the present 
time, two fundamental conditions largely influence 
immediate development work—the high cost of fuel, 
and the general shortage of steel. The former calls 
for the highest degree of operational efficiency, and 
higher first costs of plant are justified to attain this 
objective. The shortage of constructional materials 
has stressed the importance of compact and light- 
weight installations and the general avoidance of any- 
thing cumbersome In design. 

The selection of the most appropriate design of 
marine propelling machinery for any particular service 
is an extremely complex problem owing to the interac- 
tion of so many variables, from cost of labour to world 
bunkering prices and freight rates. When freight 
rates are high, weight and space saved on the machinery 
is immediately translated into increased earning capa- 
city for the ship. Efforts to secure space reduction 
are, however, at times discounted by the peculiarities 
of present-day tonnage regulations. Behind this 
desire for highly efficient and small-capacity, light- 
weight — are the ever-present prime necessities of 
great reliability and freedom from heavy maintenance. 
The total cost of a few days in port, or again of a 
breakdown on age, can far outweigh any gain 
from reduced fuel consumption. Present-day practice 
in marine propelling machinery is a skilful compromise 
if all these factors are to be reconciled. Can we go 
farther with these improvements, particularly in 
reducing fuel consumption, without introducing a 
degree of of complication which might result in higher 
maintenance in port, and more supervision at sea ? 

My own experience has been that the combination of 
450 lb. per square inch pressure and 750 deg. F. final 
steam temperature is a very happy one for powers up 
to 10,000 shaft horse-power per shaft. For higher 
powers, these conditions can be advanced to 650 lb. 
per square inch pressure and 850 deg. F. final steam 
temperature, with controllable superheat to simplify 
mancuvring. A boiler designed for these conditions, 
and fitted in the Union-Castle Line’s new steamers 
Pretoria Castle and Edinburgh Castle, is illustrated in 
Fig. 2, opposite. More advanced conditions were 
adopted in the Canadian Pacific Steamship Company’s 
new turbo-electric Beavers of 9,000 shaft horse-power 
on a single screw, employing steam conditions of 
850 Ib. square inch superheated to 850 deg. F. and 
reheated at 160 lb. per square inch back to 850 deg. F. 
These ships have uni-directional turbines, there being no 
astern turbines, as manceuvring is carried out on the 
electrical side. Whether we can successfully increase 
steam temperaturesis the key to further advance in 
steam pressure, because the percentage of moisture at 
the low-pressure end of turbines must be kept within 
prescribed limits, which, in marine practice, is normally 
limited to a wetness of not more than 10 per cent. 
The alternative solution is, of course, a more general 
adoption of reheating, but I doubt whether this can be 
done without undue complication, with geared-turbine 
machinery, owing to the necessity of positively cutting 
out the reheater completely when going astern. 


T suggest that we might see what can be done to 
reduce that annoying area on the entropy diagram 
below the base line of work done, by cutting down the 
condenser loss, by which we throw away all latent heat 
apart from that reabsorbed by bled-steam feed-heating. 
Fig. 3, herewith, which shows the theoretical heat 
consumption for a geared marine turbine set of 15,000 
shaft horse-power, indicates the proportion of heat lost 
to the condenser with various cycles and steam condi- 
tions. No allowance is made for auxiliaries, etc., in this 
diagram. Can we justify a process of heat-pumping to 
avoid part of this loss—at the expense of negative work 
to operate the heat-pump ? After all, this seems a rea- 
sonably rational line of thought, as net improvements at 
the upper end of the cycle are very small. Furthermore, 
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FLow Crrcurr FOR PLANT UTILISING WASTE HEatT. 


A Main air heater. G High-pressure com- 
B_ Turbine. pressor. 

C Regenerator. H Waste-heat boiler. 

D_ Pre-cooler. J Alternator. 

E Low-pressure compressor. K Induced-draught fan. 
F Intercooler. L Starting motor. 


with boiler efficiencies of the order of 87 per cent. on the 
higher calorific value of the fuel and with the turbine 
developed with minimum internal losses, it is to 
improved cycle efficiencies that we must look. 

at about the Diesel engine ? Here—in its present 
form—we seem to have little room for increased eco- 
nomy in operation unless some better use can be made 
of the low-grade heat rejected in the cooling water 
and the exhaust gases. The utilisation of the heat of 
the exhaust gases in a waste-heat boiler is standard 
ractice, but the steam generated is normally used 
or domestic heating and, in certain cases, for auxiliary 
power purposes, and not for increasing the output of the 
main engine. The “Still” engine was a courageous 
effort to effect a better utilisation of these two sources 





of heat-loss, but it failed owing to its yy Ea and 
high maintenance costs. Nevertheless, I believe the 





Still-engined Blue Funnel Line’s M.V. Dolius held an 
all-time record for specific fuel consumption. Would it 
not be profitable to — once again the a 
d ic ibilities of the Still engine, employing a 
diferent odsaied solution which might be tay of 
some of the inherent weakness of the original Still 
engine? Again, could a system of heat pumping 
be devised and the higher-grade heat then used for 
the generation of main power? Maybe we ought to 
go ape steam as the motive fluid and perhaps use 
one of the Freon group of compounds for the secondary 
circuit, suitably vs by the up-graded reject 
heat. A third possibility for the future arises in con- 
nection with combustion. Will chemical engineers 
some day evolve a process for the supply of cheap 
oxygen so that it can be used for combustion purposes 
instead of air? This would revolutionise present ideas 
of combustion practice, avoiding the necessity to carry 
so much inert nitrogen. 

All engineers are nowadays interested in the future 
of the gas turbine. Its further development for indus- 
trial applications hinges entirely on two factors: the 
supply at a reasonably a of appropriate alloys 
to withstand the high initial temperatures which are 
essential, and the reduction of negative work to the 
lowest possible limit by the continual development of 
highly efficient compressors. This latter seems to be 
achieved and the ists of the gas turbine seem 
quite satisfied that the metallurgists are now able to 
meet their requirements. I doubt whether the gas 
turbine will eventually be a serious competitor to steam 
for the really large powers required in the big power 
stations, where scale-effect gives steam its optimum 
advantage. For lower powers, and where a steady load 
has to be developed, as with a ship at sea, I believe we 
shall see the gas turbine a —— to steam at a 
not-far-distant date. In really large power units for 
land purposes, where there is still scope for increased 
steam pressures provided temperatures can be in- 
creased, the production of alloys for temperatures 
appropriate to the gas-turbine cycle will mean they are 
also available for the steam cycle. ; 

My own rather specialised interest in the gas turbine 
is in the recovery of heat from waste gases. A specially 
interesting case arises when large volumes of gases are 
available at temperatures of, say, 800 deg. C., from 


industrial such as occur in carbonising plants 
or in the steel, chemical, and oil industries. An 
interesting proposal of this kind is illustrated diagram- 


matically in Fig. 4. The plant would operate in con- 
junction with an installation of continuous vertical 
retorts. A steady flow of gas will be available at a 
temperature of deg. C. (1,472 deg. B.), allowing a 
simple heat interchanger to produce a turbine air-inlet 
temperature of 600 deg. C. (1,112 deg. F.). An attrac- 
tive quantity of electrical energy can be generated in 
this way and the remaining heat in the gases leaving 
the heat interc r will be utilised in appropriate 
boiler plant forthe generation of the low-pressure steam 
required for process work. The gas turbine will 
operate on the closed-cycle principle. . 

No one will deny that the present high state of 
engineering development could not have been attained 
were it not for the blending of practical and technical 
training which we demand. Without practical training, 
the young mechanical engineer cannot appreciate what 
it means to work on materials and understand their 
characteristics. A knowledge of the processes, or an 
appreciation of the time necessarily involved in develop- 
ment and manufacture, can only be obtained by 
practical experience and personal observation. Further- 
more, an understanding of a crafteman’s tialities 
and limitations can be obtained only by the same 
means. Possibly we in this country stress the import- 
ance of practical training more than many of our 
friends overseas. Perhaps it is this very neglect of 
practical training which has resulted in a tendency in 
Certain Countries to leave important responsibilities in 
the works and in erection on site entirely to foremen 
and chargehands, a situation which should not arise 
with our system, which demands both practical and 
academic training for the professional engineer. 

Some may question whether our present methods 
produce engineers as good as those of the past. It is 
difficult to make such comparisons, for, while our 
predecessors created the foundations of the mechanical 
engineering industry by their knowledge, vision, 
objective reasoning, and indomitable pioneering spirit, 
and had to work on their most daring developments 
with little or no background of existing knowledge to 
guide them, we have behind us the benefit of their 
experience and the wide scientifie knowledge of our 
age. Forty years ago, it was much less the custom 
than it is to-day for engineers to specialise, but mech- 
anical engineering has now extended its bounds so 
widely that a higher degree of specialisation is inevit- 
able. Perhaps there is some little danger that we 
now tend to specialise too soon, for in addition to a 
balanced practical and theoretical training a certain 
degree of general experience is an essential part of a 
professional mechanical engineer’s equipment. 
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The dislocation inevitable in the years between 1939 
and 1945 has disrupted the scheme of training of nearly 
a third of a generation of our young engineers, and has 
inadvertently emphasised certain tendencies which 
were beginning to appear before the war. Even before 
the war, certain organisations, among them Govern- 
ment research and development establishments, tended 
to recruit men from the universities directly into the 
practice of research or development, without requiring 
or providing any practical training in between, such as 
was obtained in the minimum of two years’ apprentice- 
ship commonly served by university graduates. During 
the war, this practice of necessity increased, because 
many young men were directed from the university 
straight to research or development, and found them- 
selves concentrating on highly specialised problems too 
early in their career, — often with very commendable 
immediate results. But, whereas they are now greatly 
advanced in one or a few specialised directions, they 
have not obtained the balanced experience and know- 
ledge which makes for adaptability in general practice. 
Those who joined the technical branches of the armed 
Forces immediately on completion of their theoretical 
training at a university or technical college have also 
had their normal training interrupted, but have gained 
much in their war . The time was not really lost, 
particularly by those who were raised to positions of 
seniority, for the training and experience which came 
to them in handling men and difficult situations will be 
of inestimable value in their subsequent careers. 





NOTES ON NEW BOOKS. 


L.M.S8. Route Books, Nos. 1 t 5. Regional Press Office, 
London Midland Region, The Railway Executive, 
— London, N.W.1. [Price 2s. 6d. 
each. ] 


As one effect of two world wars, the British main-line 
railways have passed through several alternating 
phases of seeking to encourage passenger traffic and 
doing their best to discourage it. Before nationalisa- 
tion overtook them, they were entering once again 
upon a phase of encouragement—one which, it is to be 
hoped, will prove in due course not to be a phase at all, 
but a permanent condition ; and, in pursuance of that 
policy, the London Midland and Scottish Railway had 
well in hand, at the “ vesting date,” these five Route 
Books, designed for the instruction and entertainment 
of passengers by the Irish Mail from Euston to Holy- 
head; ‘“‘ Along the Viking Border” from Euston to 
Liverpool ; by the Royal Scot from Euston to Carlisle, 
and on from Carlisle to Glasgow; and by the Peak 
expresses from St. Pancras to Manchester. Each con- 
tains a general map of the line, a track chart showing, 
mile by mile, the stations and other features of the 
line, and objects of interest on each side of it; and an 
illustrated guide-book section describing these objects 
of interest in greater detail and in a manner which is 
both eminently readable and attractively informative ; 
indeed, it is a pity that the author’s name is not men- 
tioned, for he deserves that it should be known. Indus- 
trial features by the line side also receive mention ; 
and the compiler has even added notes on the deriva- 
tion of place-names, apparently drawn from Professor 
Eilert Ekwall’s clagsical Oxford Dictionary of English 
Place-Names—a detail which is characteristic of the 
thoroughness of the whole production. The other 
Regions would do well to follow suit with similar book- 
lets, for there can be no better way to show a visitor 
quickly and easily something of the country through 
which he is passing. 





Circuits and Machines in Electrical Engineering. In 
two volumes. By Proressors JoHN O. KRazHEN- 
BUEHL and Max A. Favcett. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 4-25 dols. 
each volume.] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 25s. 6d. 
net each volume.] 


THE second edition of this American book, first pub- 
lished in 1938, is now presented in two volumes, and 
though written for those who wish to have ‘“‘a know- 
ledge of ti.e fundamentals in electrical engineering,” 
it is primarily intended for ‘‘ non-electrical engineering 
students who take electrical engineering as a secondary 
subject.” There are, however, about 350 pages in 
each volume, and in most cases, these cover, and occa- 
sionally exceed, the syllabus requirements of a British 
degree in electrical engineering, especially in the 
emphasis on practical questions. The first volume is 
sub-titled ‘‘ Circuits’ and discusses the basic con- 
ceptions of magnetism, electromotive force, resonance 
phenomena, and the more simple aspects of direct- and 
alternating-current systems. Short chapters, which 
include several photographic illustrations, describe 
transmission equipment like circuit breakers, fuses and 





ightning arresters, and brief descriptions are also given 

of the thermionic valve, gas-filled tube mercury-arc 
rectifier, and of indicating and integrating meters. 
The second volume is sub-titled ‘‘ Machines ” and after 
reviewing magnetic theory and discussing magnetic- 
circuit problems, covers the construction and operation 
of direct-current and alternating-current machines, in- 
cluding rotary converters and transformers ; no refer- 
ence is made to motor-converters. Methods of speed 
and voltage control are also described, and the more 
important properties and applications of electric motors 
are tabulated. The — of dielectric heating, 
electric welding, and illumination are outlined, though 
little is said about photometry. Each volume has an 
index and a large number of clearly detailed diagrams ; 
unanswered questions are set at the end of most 
chapters and typical problems are worked out in the 
text. This also contains technical and practical 
data, such as tables of room index and utilisation 
factors, and of current-carrying capacities which are 
more appropriate to appendices and year books, and 
are less likely to be needed by the student than by the 
specialist. A little mathematical knowledge is assumed, 
but the representation of alternating quantities by 
vectors and the use of the operator j in simple resonance 
and three-phase circuit problems is fully explained. 
In general each subject is introduced and treated in an 
elementary and tutorial style, which is readily followed 
despite a tendency to cram in much practical detail. 
The essential subject matter, especially in the theoretical 
field is covered by existing text-books for degree courses, 
but its simple presentation may appeal to many who 
are studying for a Higher National Certificate or degree 
in electrical engineering. 


Concrete for the Contractor, By Nort D. Green, 
AC.G.1L, A.M.I.Mech.E. Crosby Lockwood and 
Son, Limited, 39, Thurloe-street, South Kensington, 
London, 8.W.7. [Price 12s. 6d. net.] 

Tus readable little book contains much useful informa- 
tion in a form which should recommend it to all whose 
business it may be to make concrete profitably, under 
strict control and to modernspecifications. The appeal 
is especially to the practical man who, without aiming 
to become a skilled laboratory worker, needs to under- 
stand something of the tests by which his product 
will be judged, and who desires information on modern 
techniques, machines and appliances, but has no time 
to waste in reading descriptions of processes he has 
been using for a lifetime. On the whole, the author 
steers with skill a middle course between the theoretical 
and the commonplace, though occasionally he is so 
brief as to be obscure, and some of the figures do not 
show what the reader would expect from the text. 
As the description of field tests is seldom so complete 
that they could be carried out without more detailed 
instruction, reference to sources of fuller explanation 
would be useful; and references to papers published 
by the Building Research Station or in technical 
journals, on the less-known materials (such as light- 
weight aggregates and additives), might well be added 
in a future edition. The book shows that control, 
properly exercised, can not only ensure satisfaction to 
the client, but can prove profitable to the contractor. 
It should be of service not only to the progressive 
contractor to whom it is primarily addressed, but to 
members of the staffs of contractors or engineers who 
have still to acquire a background of experience in the 
use of this most useful but disconcertingly variable 
material. 





Quantities. iginally compiled by Prorzssor Bants- 
TER pn age A ae P. Fietrcuer. Twelfth 
edition, rewritten and enlarged, by A. E. Bayuis. 
B. T. Batsford, Limited, 15, North Audley-street, 
London, W.1. [Price 30s. net.]} 
In the days when the practising architect or civil 
engineer often prepared his own bills of quantities, 
Fletcher was a valued guide and companion. To-day, 
when the professional man has more and more to 
confine himself to his particular branch of knowledge 
and experience, but at the same time must be con- 
versant with the work of other specialists, Fletcher’s 
Quantities is one of his principal books of reference. 
The new edition contains all the good points so well 
known from the previous editions, but there are also 
many new features. These include chapters i 
with Preliminaries, Works on Site and Spot Bills, and 
on Repairs, Reconstruction and Dilapidations. The 
chapter on the Handling of Contracts should be useful 
to the practitioner who, as a result of the war, may be 
a little out of touch with this most important subject ; 
and the student will welcome the up-to-date examples 
of examination papers for entry into the various 
professional bodies, which are to be found in the 
appendix. The néw edition is fully fllustrated with 
ates of structural details, and with typical “ Bills” 
bor the various trades, both in civil engineering and in 
architectural work. 





CATALOGUES. 


Picture Telegraphy.— Ant effectively illustrated brochure, 
recently received, gives an outline of the picture telegraph 
equipment manufactured by Messrs. Muirhead and 
Company, Limited, Elmers End, Beckenham, Kent, and 
explains what is being done, both at home and abroad, 
under continuous traffic conditions. Equipment for 
both fixed and portable installations is available and it 
is claimed that the reproduction of all types of press 
matter is possible. 


Aluminium Alloys.—A series of well-illustrated cata- 
logues has been issued by High Duty Alloys, Limited, 
89, Buckingham-avenue, Slough, Buckinghamshire. One 
relates to extruded standard engineering sections and 
tubes of the firm’s Hiduminium alloy ; a second gives 
examples of forgings in Hiduminium ; while a third con- 
tains particulars and prices of rainwater castings of 
the same alloy. A fourth leaflet catalogue relates to 
pressure die-cast squirrel-cage rotors of aluminium. 


Electric Power Generation, Distribution and Application. 
—Some of the recent achievements of the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, are illustrated in a booklet, of which we have 
received a copy. The firm’s products include turbo- 
alternators, switchgear, cables and power plant for 
industry, collieries and traction, as well as apparatus for 
traffic signalling, tel ication, and p heating. 
Many excellent reproductions of photographs are included 
in the booklet. 


Magnetic Relays.—Two leaflets, issued by Electro 
Methods, Limited, 220, The Vale, London, N.W.11, deal 
with direct-current magnetic relays (Type XE), and with 
alternating and direct-current heavy-duty magnetic 
relays (Type H 15). The former, which are made for all 
voltages up to 120, are designed for use on small radio 
equipment, control lines and other applications, where 
space is a limiting factor. The second are high switching 
capacity devices with a low power consumption and 
are intended for light contactor duty. 


Noise-Measuring Instrument.—An illustrated leafiet 
issued by Mr. A. E. Cawkell, 7, Victory Arcade, The 
Broadway, Southall, Middlesex, briefly describes a port- 
able noise-measuring instrument which is intended mainly 
for production testing, and is designed for 200 to 240 volt 
alternating-current supplies. The appliance to be tested 
is stationed a certain distance from a small microphone, 
and an arbitrarily calibrated meter at the front of the 
instrument indicates whether the resultant noise is above 
or below the required acceptance level. 


Shuttleless Weaving Machines.—A folder received 
from the K. C. Engineering Company, Limited, High- 
fields, Coalville, near Leicester, draws attention to 
the advantages of the Clutsom patent shuttleless weaving 
machines, which are made in four models suitable for 
the production of narrow webs, elastic or non-elastic, 
from j in. to 32 in. in width, for single- or double-shed 
weave. Statistics provided by a firm using these, and 
conventional shuttle machines, indicate that ditect and 
indirect labour costs are reduced by nearly 90 per cent. 


Dial Gauges and Measuring Instrumenis.—Particulars 
of many dial gauges to suit different requirements are 
given in a catalogue published by Messrs. J. E. Baty and 
Company, Limited, 39, Victoria-street, London, S.W.1. 
They are made with graduations down to 0-00005 in. 
and with metric graduations, and the components are 
accurately manufactured to ensure interchangeability of 
spare parts. The catalogue also describes various dial 
gauge accessories, dial depth gauges, dial micrometers 
cylinder-bore gauges, crankshaft gauges, grinding gauges, 
comparators, thickness gauges, a Lindley extensometer, 
and several other measuring instruments. 


Machine Tools and Cranes.—A convenient illustrated 
catalogue, with captions in English, French, Dutch, 
Portuguese and Spanish, has been issued by Messrs. 
Morrison, Marshall and Hill, 44-45, Tower-hill, London, 
E.C.3. The firm are export agents for a variety of 
machines, which are described in the catalogue, and 
include a Midsaw universal woodworking machine, band 
saws, cut-off saws, and filing and jig-sawing machines ; 
Heywood electric cranes of several types ; Williams and 
Womersley transmission equipment; Mitchell lathes ; 
Granor lathes and shaping machines; and Rushworth 
ghearing, punching, bending and straightening machines. 


Removal of Rust and Various Deposits.—Examples of 
metal parts from which rust, corrosion and various 
deposits have been removed by the “‘ Derustit ”’ process 
are described and illustrated in a brochure issued by 
Messrs. Derustit, Limited, 47, Victoria-street, London, 
8.W.1. The parts are placed in a bath containing 
alkali solution through which a low-tension electric 
current is passed. Rust, corrosion products, scale, core 
sand, and other deposits can be removed, leaving a 
clean surface. The sound metal is not attacked in any 
way, and it is stated that, where the extent of the corro- 
sion is not very severe, the dimensions of complex 
machines are hardly affected. 
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RAILWAY BRIDGE OVER 
THE COLORADO RIVER. 


THe new double-track bridge, built for the 
Atchison, Topeka and Santa Fe Railway Company, 
over the Colorado River, near Topock, in the State 
of Arizona, is of particular engineering interest as 
its construction involved the sinking of a pneumatic 
caisson to a depth of 125 ft. below river level. The 
pier, of which the caisson formed the foundation, 
is believed to be the deepest ever built in this way 


in the United States. The depth which was reached | s 


involved the use of an air pressure of 52 lb. per 
square inch. This is 2 lb. above the safety-code 
limit and special permission had to be obtained from 





however, as locomotives increased further in weight, 
additional strengthening measures had to be taken, 
and for a number of years train speeds have had to 
be restricted to 10 miles per hour and double-heading 
forbidden. The bridge has now been presented to 
the California and Arizona State Highway Depart- 
ments and has taken the place of a nearby road 
bridge of light design. 

The total length of the new double-track bridge 
is 1,506-75 ft., as shown in the elevation given in 
Fig. 2. Starting from the west abutment, on the 
left, it is made up of three 100-ft. deck girder 

pans, three 350-ft. Warren-type deck truss spans, 
one 100-ft. deck girder span, and a 50-ft. rolled beam 
span. It is carried on seven. reinforced-concrete 
tapered piers and the two abutments, the piers and 
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was situated in the deepest water, piling 60 ft. long 
was used. m excavation for the north and 
south cylinders of this pier was carried to depths 
of 100 ft. and 115 ft., respectively. The reinforced- 
concrete cylinders were formed inside steel caissons 
which had cutting edges made up of an 18 in. by 
} in. steel plate and a 6 in. by 6 in. by $ in. angle. 
A section of one of the main cylinders is given in 
Fig. 4, on page 554, and some of the stages in con- 
struction are illustrated in Figs. 5 to 8, on page 555. 
Fig. 5 shows the assemblage of reinforcing steel 
above the cutting edge before the outside steel form 
was added ; Fig. 6 shows the cylinders of Pier No. 2 
under construction inside the cofferdam, the cylin- 
der on the right-hand side being ready for placing 
the concrete. Fig..7 shows Pier No. 6 in the fore- 
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the Arizona Industrial Commission for the work to 
be carried out. The new railway bridge takes the 
place of a cantilever bridge which has now been 
converted to serve as a road bridge. The new 
structure, of which the main members are three 
350-ft. deck truss spans, is situated 400 ft. upstream 
from the old bridge ; the new location has elimin- 
ated a sharp curve which existed on the western 
approach to the old structure. The two bridges 
are shown in the photograph reproduced in Fig. 1, 
the new bridge being in the foreground. 

The old cantilever bridge, which was built in 1890, 
was a single-track structure and originally consisted 
of a 990-ft. cantilever through-truss which included 
a 330-ft. suspended span. At the time it was built 
it was the largest railway cantilever bridge in the 
United States. Owing to the increasing weight of 
locomotives, it was found necessary to strengthen 
the bridge in 1901, and nine years later, in 1910, a 
pier was built at the centre of the suspended span 


This can be seen in Fig. 1. Even with this addition, 


abutments being each supported on two reinforced- 
concrete cylinders, spaced from 24 ft. to 38 ft. 
apart, and carried down to solid rock. The tops 
of the foundation cylinders extend 5 ft. above 
normal river level and are connected by 10 ft. deep 
web walls, the bottoms of which lie 5 ft. below river 
level. The cylinders for the different piers are of 
various diameters, the range being 14 ft., 16 ft., 
22 ft. and 24 ft., as shown in Fig. 2. 

For sinking the foundation cylinders, a temporary 
timber trestle, 1,700 ft. long, shown in Fig. 3, on 
page 554, was built across the river. This carried 
railway tracks on which travelling cranes operated. 
The portal crane on the left in Fig. 3 is working on 
No. 3 Pier, the deepest of the four main piers. The 
cylinders of Pier No. 1 were sunk by open excava- 
tion, but for the others pneumatic caissons were used 
in the latter stages of sinking. For the river piers, 
sheet-steel piling was driven to form closed areas 


.|inside which open excavation was carried out. 





For Pier No. 3, which, as will be seen from Fig. 2, 


ground and concrete being placed from a bottom- 
dump bucket handled by a crane. Fig. 8 shows 
the same piers, those on the left having reached the 
stage at which further sinking will be carried 
out under air pressure; the cylinder on the right 
is in an early stage and the cutting edge is being 
built up. 

The lower part of all cylinders had an 8-ft. 
diameter central shaft through which excavated 
material was removed as sinking proceeded. This 
is shown in. Fig. 4. When the depth had been 
reached at which open excavation was no longer 
possible, the cylinder was built up with two 3-ft. 
diameter internal shafts, as shown in the figure, 
the 8-ft. diameter central shaft being blocked off. 
The air-lock structure was then built ; this is shown 
under construction on the left-hand cylinder in 
Fig. 6. The right-hand 3-ft. diameter shaft of 
Fig. 4 served for the entry and egress of the workmen 
and the left-hand shaft for the removal of spoil. 





The: air-lock arrangements can be followed from: 
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Fig. 4. When men are to enter the shaft, the top 
door a is open and door ¢ closed ; the men pass into 
the shaft by means of a ladder on the right-hand 
side. There is a stop-cock at door a, and when the 
men are in the shaft this cock is closed and door a 
is pulled into the closed position by the lock opera- 
tor by means of the ropeshown. The foreman of the 
gang then gradually opens a pressure stop-cock at 
door c and when the pressures above and below 
this door are equalised the door opens and the men 
enter the working chamber. Steel rungs fixed to 
the inside casing form an access ladder leading to 
the top of the working chamber and the latter part 
of the descent is made by the rope ladder with 
steel rungs, d. When men leave, this cycle of opera- 
tions is reversed, the door c is pulled closed by a 
rope when the men are on the landing platform. 
It is held in position by the e below as soon 
as air is released from the shaft above. Door bis a 
standby and is not employed in normal operation. 
When the empty spoil bucket is to enter the 
left-hand shaft, door f is closed and the top door e 
is open so that the bucket can be lowered into the 
lock chamber by its crane. Door e is then closed 
and pressure raised i the chamber until it is equal 
to that in the shaft. Door f is then opened and 
the bucket, which has a capacity of 4 cubic yards, 
is lowered into the charging position. The lower 
door g is not used in normal operation ; its purpose 
is to shut off the 3-ft. diameter shaft from the 
pressure chamber when any necessary repairs are 
being carried out; alternatively it enables the 
space between doors f and g to be used as a lock 
chamber if the upper chamber is out of commission. 
When the bucket has been loaded in the working 
space, the gang foreman pulls the cord h which 
operates a whistle at the surface. The bucket is 
then raised into the lock chamber, door f closed, 
and pressure in the chamber released. The upper 
door e can then be opened and the bucket lifted 
away. The vertical 4-in. diameter pipe shown 
set in the concrete on the left-hand side of Fig. 4 is 
connected to the rubber hose ¢ at the lower end. 
This pipe is used for the discharge of fine material 
and water, the pressure in the working chamber 
forcing them up the pipe and out to discharge. 
Other features of Fig. 4 which may be referred to 
are the 2-in. diameter high-pressure pipe j and the 
electric cable k. The pipe is connected to the high- 
pressure air supply on the river trestle and, at its lower 
end, has valve connections for pneumatic tools ; 
the electric cable furnishes a lighting service in the 
working chamber. Theinstrument / near the top of 
the main shaft is a recording pressure gauge, and the 
instrument assembly m, in the air lock, consists of a 





Fie. 3. Temporary TmmBer TRESTLE. 








pressure gauge and a clock for the use of the foreman 
when raising or lowering the pressure in the chamber. 
As already mentioned, a pressure of 52 lb. per square 
inch was used in the working chamber, the pressure 
aig being supplied through pipe », which was 
connected by a rubber hose to a supply line on the 
trestle bridge. Working shifts for the men employed 
were limited to 30 minutes when the full pressure 
was inuse. The work was carried out without any 
fatal accident. 

In their final positions, the cutting edges of the 
caissons were supported on three or four stools of 
solid rock into which they penetrated at least 6 in. ; 
test holes were driven in the bottom of the excava- 
tion to verify the extent of the rock bases. Excava- 
tion was then carried some 2 ft. below bearing 
level and concrete was poured under the exposed 
parts of the cutting edge to ensure full bearing all 
round. For the deep cylinders at Pier No. 3, filling 
concrete was laid to a depth of about 1 ft. above the 
cutting edge by a gang working under air pressure, 
the concrete being lowered through the spoil shaft 
in 4-cubic yard buckets. This procedure was 
becessary because the 52 lb. air pressure did not 
completely exclude water from these deep shafts 
and it was necessary to continue to draw-off water 
until the concrete seal was well above the cutting 

. The remainder of the concrete was then 
poured through the air locks two cubic yards ata 
time. For the other cylinders, the whole of the 
concrete was poured through the air locks, as the 
bottom of the excavation was perfectly dry. 

The sinking of the caissons was carried out as a 
continuous operation for 24 hours a day, the whole 
of the work being completed in 350 days. A total 
of 50 to 60 men were employed in the gangs working 
in the excavator chamber. The size of the air lock 
permitted a gang of eight men to enter or leave at 
one time. As the summer temperature in the desert 
country in which the bridge is situated at times 
rose to 120 deg. F., arrangements were made to 
cool the air pumped into the working chamber by 
placing the 5-in. air-supply pipe extending along 
the timber trestle in a trough of cold river water. 

The erection of the bridge was carried out from 
the west end. After the three 100-ft. approach 
spans were in place, the west 350-ft. Warren truss 
span was erected on timber falsework. The river 
below this span is shallow, the ground surface being 
exposed in many places, as shown in Fig. 2. The 
members making up the truss were handled by 4 
crane travelling on the previously-erected approach 
spans. Part of this crane can be seen in Fig. 9, on 
this page, which shows a later stage in the erection 
procedure when two of the 350-ft. spans were in 
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Fie. 5. REINFORCEMENT AT Bottom oF CAISSON. 
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place. The second and third main spans were built 
by cantilevering out from a previously-completed 
span, utilising an intermediate steel falsework below 
the middle point of the span. This is shown in 
Fig. 9. The falsework consisted of 40 12-in. x 65-lb. 
steel piles braced together with a fabricated steel 
cage. The calculated load on the steel piles during 
erection was 60 tons. 

The two trusses forming the main members of 
the 350-ft. spans are 46 ft. deep and are set 28 ft. 
apart, centre to centre. Each of the two railway 
tracks is carried on four 33-in. wide-flange beams, 
weighing 220 lb. per foot. There are two expansion 
shoes on Pier No. 3, eliminating horizontal forces on 
this tallest pier. The eastern span is fixed at Pier 
No. 2, and the middle span at Pier No. 4, which 
carries an expansion shoe for the west span, which is 
fixed at Pier No. 5. These arrangements, and the 
positions of the expansion shoes for the shorter 
spans, are indicated in Fig. 2. The ballasted bridge 
deck, 28 ft. wide, is of creosoted timber and the 
rails are carried on 7-in. by 9-in. by 9-ft. hardwood 
sleepers. ‘There is a 2-ft. wide walkway on each side 
of the bridge. The total weight of steel in the 
structure is 6,500 short tons and 17,900 cubic yards 
of concrete were laid in its construction. The 

ing and erection of the bridge were carried 
out under the general superintendence of Mr. G. W. 
Harris, chief engineer of the Atchison, Topeka and 
Santa Fe Railway Company, and its design was 
under the direction of Mr. R. A. Van Ness, the 
company’s bridge engineer. The Kansas City 
Bridge Company were the contractors for the 
substructure, and the American Bridge Com- 
pany for the fabrication and erection of the super- 
structure. 
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LITERATURE. 


The Electricity Act, 1947. By SiR JoHN Darton. 
Butterworth and Company (Publishers), Limited, 
Pe Temple Bar, London, W.C.2. [Price 21s. 
net. 

Tue Electricity Act, 1947, effected a profound 
change in the structure, as distinct from the tech- 
nique, of the electricity supply industry of Great 
Britain. In particular, it imposed unified control 
on the industry through the British Electricity 
Authority and the Area Boards, and brought the 
whole of its assets into public ownership. In doing 
so it swept away several hundred undertakings 
of varying size, scope and efficiency, some of which 
were owned by local authorities and others by pri- 
vate concerns, and replaced them by 14 bodies, 
each of which is responsible for the supply of 
electricity in one of the areas into which the country 
has now been divided. In consequence, a sub- 
stantial change has taken place in the statutory 
provisions relating to the industry. No less than 
five of the former Acts have been wholly repealed, 
as well as some 159 provisions of other Acts; 
and 80 amendments to the provisions of the Electri- 
city (Supply) Acts, 1882 to 1936, the Hydro-Electric 
Development (Scotland) Act, 1943, and the Electric 
Lighting (Clauses) Act, 1899, have been made. 
A great deal of Wills’s well-known Law Relating 
to Electricity Supply has therefore become out 
of date, and Sir John Dalton has performed a useful 
task in so rapidly providing this volume to take its 
place. Until, however, complete codification of the 
law is effected some reference to Wills, the most 
recent edition of which was published in 1932, will 
still be necessary. 

The book begins with a useful and concise survey 
of electrical legislation since 1882, including a 
description cf the various attempts that have been 
made from time to time to bring about improve- 
ments. A commentary on the Act deals with the 
electricity boards, the consultative councils, the 
Minister’s powers, the acquisition of electricity 
undertakings, and the financial provisions and 
tariffs. The Act itself is then set out in full, each 
clause being followed by useful elucidatory notes 
and references to previous legislation, decided cases 
and other clauses in the Act. The Hydro Electric 
Development (Scotland) Act, 1943, is reprinted with 
the amendments introduced by the 1947 Act ; and 
the various Statutory Rules and Orders and Statu- 
tory Instruments made under the Act with the 
taxing and rating enactments that affect the position, 
are also reproduced. 

At this stage, constructive criticism of the volume 
is difficult ; and would probably be unwise. It is 
certain, however, that it will be found on the desks, 
and often in the hands, of those whose duty it is to 
administer the new organisation; and we have 
no doubt that it will be found as useful as any 
of its predecessors. It bears every mark of the 
care that has been taken in its compilation and 
although time may show that some revision is 
necessary, this is more likely to be in matters of 
detail than in fundamentals. Our only regret is 
that “authorised economy standards” have not 
allowed the publishers to produce a more hand- 
some volume. Finally, 2 word may be said about 
the excellence of the index, which is so complete 
that the search for the large amount of information 
contained in the book will be greatly facilitated. 








Solid and Laminated Wood Bending. By W. C. STEVENS, 
M.A., A.M.I.Mech.E., and N. TURNER. H.M. Station- 
ery Office, York House, Kingsway, London, W.C.2. 
[Price 5s, net ; by post, 5s. 4d.) 

From the scarcity of published information on the 

subject, inexpert opinion might be excused for 

thinking that wood bending is a traditional art, 
about which everything worth knowing has been 
practised by its exponents for generations. That 
false impression will be pleasantly dispelled by 
perusal of this admirable book, the work of two 
members of the staff of the Forest Products Research 

Laboratory, who have studied both the scientific 

and practical aspects of wood bending, and have 

amplified the results of laboratory work by solving 


@ wide range of industrial problems for which bent- 
wood offers increased strength with economy in 
material. 

The book divides naturally into two main parts, 
-oncerned respectively with solid relatively thick 
pieces of wood which are softened by steaming or 
other heat treatment before being bent to shape ; 
and the more recent techniques of gluing together 
several thin lamin of wood constrained to the 
desired curvature. Scientific investigation of alter- 
native softening processes in relation to the type 
and quality of the wood, of machinery and aids to 
precision, and of post-bending treatments to control 
the “‘set” of the curvature, has brought about 
many improvements on the traditional technique, 
which are clearly evident from the authors’ descrip- 
tions and illustrations. Laminated bending opera- 
tions are illustrated by photographs and diagrams of 
modern plant used for continuous strip work and 
sundry types of pressure moulding. Metheds and 
materials for gluing bent laminations are critically 
discussed, together with devices for making wood 
bends retain their shape ; and an instructive con- 
cluding chapter treats theoretically the assessment 
of bending qualities from compression and tensile 
strength data. 

While the authors are careful to state that 
successful wood bending depends as much upon 
skill and experience as on theoretical knowledge, 

heir own familiarity with both aspects prompts 
them to embody in the text many suggestions 
conducive to good results, and indications of direc- 
tions in which improvement may profitably be 
sought. Most of the processes described have been 
tested at the Laboratory, where a high standard of 
controlled experimental work has enabled the authors 
to survey the whole field of wood bending with 
authority and detachment. Their book is therefore 
to be recommended, not only to those directly 
concerned with the subject, but also to the many 
technicians who need to keep abreast of important 
developments in applied industrial research. 


Windmills in England: A Study of Their Origin, Develop- 
ment and Future. By REX WaILES. The Architectural 
Press, 13, Queen Anne’s-gate, London, 8.W.1. [Price 
12s. 6d. net.] 

THosE who have heard or read any of the numerous 

papers on windmills which Mr. Rex Wailes has 

delivered to the Newcomen Society and elsewhere— 
several of which have been reprinted in ENGINEERING 

—will welcome this summary in book form of his 

extensive researches into the design and construction 

of these fast-disappearing examples of the mill- 

wright’s art. At one time, he estimates, there 

may have been as many as 10,000 windmills at 

work in England; now there are fewer than 50, 

and many of those are only kept in being by the 

practical interest and support of the Windmill 

Section of the Society for the Protection of Ancient 

Buildings. In the past, the recording of windmills 

has been left principally (and too much) to artists, 

who have not always portrayed their details accu- 
rately or even troubled to identify the picture with 
the original. Fortunately, however, some few 
engineers also have been attracted by them, and 
some of the eminent pioneers of civil and mechanical 
engineering—notably John Smeaton—have been 
directly concerned in the building of them; and 
now, in this book, their technicalities are examined 
and correlated by an experienced mechanical 
engineer who is also, con amore, an antiquary, 

something of a student of agrarian economics, and a 

great deal of a photographic artist—a most happy 

combination. The result is a book that should 
have been written years ago, to stimulate and assist 
the efforts of those who foresaw clearly the fate of 
the remaining mills, but were neither numerous nor 
influential nor wealthy enough to retard it materially. 

All the principal types of windmill are described 
and illustrated, and these illustrations alone are 
sufficient to interest a wide circle of readers who 
know little or nothing of mechanisms ; but the chief 
value of the book lies in the detailed studies of 
construction and of mill gearing, and the record of 
mills which are still in existence. The concluding 
section of the text discusses the future of windmills, 








especially during the past quarter of a century, to 
improve their mechanical efficiency. It is certainly 
not common knowledge that, in some instances, 
the improvement was such that it was found practic- 
able to remove the stand-by oil engines that had been 
installed, and to rely on wind power alone to give 
the required regularity of performance. In parti- 
cular, Mr. Wailes stresses the need for concerted 
measures to maintain a sufficient supply of appren- 
tices to the millwright’s trade, which otherwise 
is in real danger of dying out. In view of the 
present revival, purely on economic grounds, of 
interest in windmills, the warning is timely; for 
there is much hard-bought experience in the art 
of the miller, as well as in the craft of the millwright, 
which will be of value still, even in an ultra-modern 
mill of steel and aluminium alloy. 

To all who are interested in windmills, ancient 
or modern, and irrespective of the reasons for their 
interest, this book may be strongly commended. 
We find in it only one feature to criticise and that, 
presumably, is the responsibility of the publishers ; 
namely, the setting of the section headings in lower- 
case type only, with no initial capitals. It is a 
small matter, but one that is likely to jar the sensi- 
bilities of those who feel that the typographical 
extravagances of display advertising are out of 
place in a serious work. 





Ferrous Materials for the Engineer. By REGINALD Fox, 
A.Met.(Sheff.), A.I.M. Charles Griffin and Company, 
Limited. 42, Drury-lane, London, W.C.2. [Price 12s. 6d. 
net.) 

WHILE some knowledge of metallurgy is essential! 

to most engineers, increasing specialisation in the 

metallurgical field makes it increasingly difficult 
for those whose knowledge of metals is relatively 
superficial to select, from the steady output of new 
research work and results of experience, the particular 
data of which they are likely to stand in need. 

This book seeks to survey briefly what should be 

the common ground of the physicist, the engineer 

and the metallurgist, and to provide a guide to more 
extended studies if they should be found necessary. 

After introductory chapters on the general properties 

and testing of metals, the author proceeds te the 

heat treatment of steels and thence to a more 
detailed comparison of the various ferrous alloys. 

His style is simple and direct, and the illustrations 

are generally well chosen to provide the kind of 

information that the engineer is likely to require. 

Apart from its utility as an introductory manual 

for engineering students, the book should be useful 

as a reference work for engineers of more mature 
age. 





BREAKDOWN AT DUNSTON GENERATING STATION.— 
On Sunday, November 28, one of the 50-MW sets at 
Dunston generating station, Newcastle-on-Tyne, stripped 
its dummy blades when it was being re-started. A second 
56-MW set was already out of commission, owing to the 
end windings of its alternator having been burnt out 
when the direct-connected transformer flashed over. 
As the necessary re-winding of this machine will not be 
completed until the end of the year, it was decided to 
prevent heavy load shedding by disconnecting the 
alternator from the brokendown turbine and couple it to 
the sound turbine. This necessitated moving the 110-ton 
stator along the station floor and subsequently aligning it. 
We understand that this difficult operation was success- 
fully completed on Thursday, December 2, when the 
re-constituted set was placed on load. 





WarsHIP DRAWINGS FOR MODEL MAKERS.—A series 
of simplified outline drawings of a number of ships of 
the Royal Navy have been prepared by the Admiralty 
for the use of model makers. The drawings are to 4 
seale of 1 in. = 50 ft., and those at present available 
relate to five battleships, namely, the Vanguard, King 
George V, Nelson, Royal Sovereign and Queen Eliza- 
beth ; the two battle cruisers Hood and Renown ; eleven 
aircraft carriers, including the Ark Royal (1938) and 
Furious, Hermes, Glorious and Courageous; nineteen 
cruisers ; nine destroyers ; two depot ships ; one mine- 
layer, the Abdiel; and two monitors. The drawings 
show the vessel’s profile and plan, and various sections as 
required for the construction of water-line models. The 
prices to commercial firms selling models to the public 
range from 38. 6d. to 6s., and to private model makers 
from 2s. 6d. to 5s. Applications for drawings and further 
particulars should be addressed to the Secretary of the 
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BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 


(Continued from page 533.) 


Mr. W. G. Jonn, who was the next speaker 
in the discussion at the Conference on Brittle 
Fracture in Mild-Steel Plates, said: It will be 
agreed that quality of steel is not alone responsible 
for the serious failures that have occurred in 
certain welded structures. Those of us who are 
concerned with the study of ship design are 
very much alive to the problems associated with 
good design and building procedure, and to the 
need for the development and maintenance of proper 
standards of workmanship, but these problems are 
additional to the questions with which we are con- 
cerned to-day. We are here concerned with a 
characteristic of steel which has definitely assumed 
much greater importance with the application of 
welding to steel structures in place of riveting. The 
brittle or cleavage fracture is by no means unknown 
in riveted work, but a riveted joint serves to stop 
the propagation of such a crack. 

We, in this country, have not met with any large- 
scale failures similar to those either on Continental 
bridges or on the United States war-programme 
merchant ships; in fact, for many years, British 
warships have had quite considerable parts of their 
structure all-welded, and a number of smaller craft 
have been completely welded. They have all been 
on service, and there have been no cases of cracking 
leading to a sudden widespread fracture. This 
may be due to certain characteristics of British 
steelmaking and rolling-mill practices, which are 
understood to differ, in some respects, from those 
of the industries abroad. If so, these features need 
to be understood and controlled, and we require 
our steel specifications to be prepared so as to 
safeguard our position. I should like to make the 
point that, although so far we have escaped serious 
trouble, unless we understand the reasons why 
some batches of structural steel plates are prone 
to the cleavage type of fracture at relatively high 
temperatures, we cannot be sure that we shall not 
meet trouble in the future. I have in mind not so 
much a complicated system of inspection testing, 
but the inclusion of specification requirements 
congerning the methods of manufacture. If some 
such action is ultimately agreed, it may only be 
necessary to apply such a specification to those 
parts where critical conditions are likely to arise. 

To my mind, the metallurgical and physical 
considerations are mixed in a most perplexing 
manner. Mr. Offord has quoted experiments which 
go to show that the shape of a specimen vitally 
affects the results and that quite small surface 
projections are of great importance in their effect 
on the capacity to absorb energy under explosive 
shock. These results were emphasised by further 
results from plate specimens which consisted of 
plain plate, first with a small hole drilled in the 
middle; next, a plain plate with a small drilled 
hole filled with a bolt; next, a plate with a small 
spigot welded in the middle ; and, finally, another 
plate with a small spigot in the middle produced by 
the machining down of the plate, so that there was 
no welding. In each case, local rupture occurred 
when the total energy absorbed was rather less than 
half that for rupture of a plain plate. 

The suggestion has been made that thick plates 
are more prone to brittle failure than thin ones. 
Can a difference in behaviour between thick and 
thin plates be explained by a consideration of 
Dr. Tipper’s work, which shows that the fracture 
of notched specimens starts with the formation of 
a small crack in the centre of the notch, so that, 
although we may start off with geometrically similar 
specimens, the similarity no longer exists when 
these small cracks begin to form, since all the 
specimens will then have about the same degree 
of notch sharpness ? Would this result in a more 
severe state of triaxial stress in thicker 
compared with thin ones, leading to earlier fracture ? 
I hope that, as an outcome of this conference, the 
British Iron and Steel Research Association will 





* Part IL appeared in the previous volume, and Part I 
in vol. 164 (1947). 





undertake to encourage and co-ordinate research 
work in both the physical and the metallurgical 
fields. 

In reply to a question from the chairman, Mr. 
John confirmed that, in the case of the spigot 
formed by machining, no welding was used, but the 
result was the same. A §-in. plate was machined 
down to } in. thickness, leaving a 1-in. diameter 
spigot, projecting } in., in the middle. 

Mr. W. E. Lewis said: I have carried out, as 
opportunity occurred, similar experiments to those 
of Mrs. Tipper on as many and as varied specimens 
of mild steel as has been possible, representative of 
material made in the different Scottish plants. 
Through lack of facilities, all tests were carried out 
at the temperature prevailing in the test house at 
the time, and, out of the 60 or 70 tests broken, 
only, one brittle fracture was obtained of the type 
shown by Mrs. Tipper. Hoping that this test 
would lead to some conclusion, I did the same as 
Dr. Reeve and cut another sample side by side with 
the original, broke it and, to my disgust, obtained a 
ductile fracture. I may add that both tests were 
broken on the same day and any variation in the 
temperature while testing would be negligible. 
Without decrying Mrs. Tipper’s efforts, I wonder, 
therefore, whether the test really distinguishes 
between brittle and ductile metal. Mr. Barr gave 
an interesting series of Izod determinations on a 
number of British and American plates. I do not 
know whether these included any of the plates 
tested by Mrs. Tipper, but, to me, it would be most 
useful if Mrs. Tipper could carry out notch tests, 
in the way she has reported, on some of the plates 
which Mr. Barr has investigated from the Izod 
impact standpoint. If the particular brittleness of 
steel discussed to-day should become the subject of 
legislation by specification, I think it important 
to attempt to correlate, if possible, Mrs. Tipper’s 
test with some commercial test that is in common 
use. In my opinion, there is a need to correlate, 
if possible, the special tests as performed at Cam- 
bridge with impact tests carried out at room 
temperature. We want a truly commercial test 
that will definitely indicate unsatisfactory materials 
and we should not have to be too delicate in our 
requirements for detaching the test pieces from the 
parent plate. The test should also be unaffected 
by the geometry of the sample; that is, there 
should be no possibility of a }-in. plate proving 
to be ductile while a 1}-in. plate from the same 
charge proved to be brittle. 

The chairman interpolated that with regard to 
the suggestions which Mr. Lewis had made, he did 
not know whether any of the original materials 
were left, but, if there were, and Mrs. Tipper were 
willing to undertake the work, they would willingly 
pass over some of that material to her, to extend 
the range of her investigations. 

Dr. S. A. Main: We have been called to discuss 
the properties of the steel in these plates, but when 
I received my copies of the papers I was astonished 
to find that the steel was already condemned in 
no very uncertain terms. It was said, in effect, 
that the steel concerned in these fractures was 
brittle, and, therefore, what could one éxpect ? 
I should like to look at that question from ancther 
angle. Can mild steel—ordinary good-quality mild 
steel—be called brittle ? Mild steel is not a britilc 
material; if you want it to display brittleness, 
you have to subject it to conditions which will make 
it brittle ; in other words, by preventing it from 
exercising the shear flow which constitutes ductility. 
There are various ways in which that can be done, 
but the critical stage at which these very dangerous 
fractures occur is only reached, and can only be 
reached in the best mild steel, by very severe condi- 
tions of use, whether in the form of a notch or of 
low temperature or by high velocities of breaking. 
In those circumstances, is not the right outlook on 
this question to ensure that mild steel is used with 
the full knowledge of its virtues and its limitations ? 
The main limitation is that it is capable of this 
very brittle fracture, as we have known for many 
years. We have seen it in our laboratories. This 
kind of fracture in ships is not a new thing at all, 
and the explanation of it has, I think, been given 
very reasonably to-day. 

The obvious thing to do is to use mild steel 





with a knowledge of its virtues and of its limita- 
tions in that direction. Can we say that mild steel 
in these ships is being used in a reasonable manner 
with that in view? I have no intimate knowledge 
of that side of the question, but what I see in the 
reports and what I have heard to-day is not at all 
reassuring. Dr. Baker’s paper points out, for 
instance, that there are very considerable crudities 
in design, and that there is a possibility of very 
high locked-up stresses in present practice, though 
@ move is being made away from that. He comes 
to the conclusion that the steel is at fault by a 
process of reasoning which I do not find very 
convincing. It is largely a theoretical one, and 
the theory is admittedly based on not very sure or 
not very available experimental evidence. Further, 
I think that he has rather minimised the engineering 
factor which I have just mentioned. I would take, 
as an example, the case of the girder mentioned in 
his paper, in which a cure was effected by a purely 
stress-relieving treatment. Why, in those circum- 
stances, is the cure ascribed not to the stress- 
relieving, but to some rather nebulous factor of 
brittleness in the steel? Professor Baker also says 
that the notch in Mrs. Tipper’s tests represents the 
kind of imperfection in welded ships. That, I think 
it will be agreed, is rather severe treatment for 
steel—to put in a notch of that kind and submit 
it to low temperatures. If that is so, is not that a 
condemnation of the existing methods of fabricating 
ships? It is stated in Professor Baker’s paper 
that facility for plastic flow in a ductile material is 
a source of great comfort to the engineer. I suggest 
that it is possible to trade on that good nature a 
little too far, and I am afraid that that is being 
done. 

Dr. Allen: In this problem there are two factors, 
the initiation of the crack, and its ca i 
propagation. An important point about the initia- 
tion is that it happens after a period of time (imme- 
diately after welding the structure can frequently 
be subjected to all sorts of overstress without 
failure) and one is led to wonder what c 
could possibly be occurring in that time. In this 
connection, it is pertinent to refer to the occasional 
explosion of mild-steel gas cylinders containing coal 
gas, which features somewhat resembling 
the failure of welded ships, in that the material in 
tensile tests appears ductile, but the fractures are 
sudden, crystalline and, to all appearances, brittle. 
In this case, the failures occur after a period of 
years, and the inner surface of the cylinder is covered 
with fine cracks which are thought to be due to 
the combined action of stress and corrosion by 
traces of impurities in the gas. The failures can be 
reproduced in the laboratory with somewhat harder 
steels in quite a short time if the applied stress is 
high enough, and one is led to ask, therefore, 
whether the possibility that the initiation of the 
failures could be due to the combined action of 
high residual welding stresses and some corrosive 
influence has been sufficiently considered. There 
is a suspicion that the sensitivity to this type of 
failure increases with the hardness of the steel, and 
in some very hard steels types of delayed cracking 
occur which are difficult to associate with any 
corrosive action at all. It may be that, when 
plastic yield is prevented, either by the application 
of triple tension or by hardening the steel, steel 
becomes liable to a type of brittle failure in which 
time is a factor. Whether corrosive action is 
essential in these cases may be regarded as an open 
question, but, however this may be, it is clear that 
the cracking of steel under prolonged static stress, 
with or without corrosion, deserves further attention. 

Regarding propagation of the crack, the di 
in Dr. Orowan’s treatment is that the cleavage 
strength cannot be measured. One has to fall back, 
therefore, on deductions regarding it, made from 
results of tests on notched specimens of various 
kinds. While statistical analysis of test results on 
commercial steels of different composition is of 
interest, the conclusions are rendered uncertain by 
the presence of all sorts of structural differences 
between the steels, and more certain progress would 
be made if, in addition, experiments were made on 
materials consisting of ferrite grains only, the 
composition of the ferrite being varied in a systematic 
manner. 
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Sir Geoffrey Taylor: 
attention to the kind of test which I think was 
originally done at Watertown Arsenal in America, in 
which one end of a specimen is suddenly pulled 
forward at a very high velocity. An interesti 
machine was designed for doing this. It had a big 
heavy wheel which went round, and on its circum- 
ference was a tup which came out and caught one 
end of a little tensile-test specimen, the other end of 
which was attached to a pendulum. This wheel 
went round and the tup flew out and knocked off the 
end of the specimen. From the swing of the 
pendulum, it was possible to calculate how much 
energy was lost when the specimen was broken. 
The results which were obtained showed that the 
loss of energy was almost constant until a certain 

ity of the wheel was reached, and then the 
energy began to fall off very rapidly. The deduction 
made at the time was that, at high rates of strain, 
less energy was lost in fracture than at low rates. 
In terms of to-day’s discussion, it might have been 
said that the material of the specimen becomes 
brittle at high rates of straining. This deduction, 
in fact, would have been completely false. The 
explanation of the experimental results is fairly 
obvious. What was that, on reaching a 
certain speed, the rate at which plastic waves could 
be from the tup back into the specimen 
is less than the rate at which the tup was trying to 
pulloffitsend. Itis possible to make a mathemati- 
cal analysis of the propagation of plastic waves in 
metals. At low speeds of testing, these calculations 
show that the specimen, when should simply 
elongate uniformly and fail by plastic flow, but, 
when the speed a certain limit, the specimen 
should break off short and thus appear to be brittle. 
This is not due to any change in the property of the 
steel at high rates of straining, but simply to the 
fact that the maximum possible velocity of the 
material associated with the propagation of the 
plastic wave is less than the velocity of the tup. 
That is a point to be thought of in connection with 
the matters now under discussion. A fracture which 
looks like a brittle failure may be obtained, which is 
simply due to an explainable physical cause which 
has nothing to do with embrittlement. 

Mr. G. M. Boyd: Professor Baker’s paper setting 
out of the problem brings out the following very 
important points: firstly, that brittleness is a very 
dangerous thing; and secondly, that notch effects 
are inevitable in engineering strt ‘tures. Even 
though they may be avoided in design, it is impossible 
to eliminate them entirely, since they may occur as 
faults of quite small size, down to the “ Griffiths 
cracks” of which we have heard. It is necessary, 
therefore, that the steel should be capable of 
tolerating these notch effects. Thirdly, there is the 
necessity for overhauling our theories of strength ; 
and fourthly, that a capacity for energy absorption 
is essential in most steel structures. This is 
particularly so in ships, which must be capable of 

sustaining damage without total collapse. This 
energy sian eae is the antithesis of brittleness. 
I do not agree with Dr. Main that engineers are 
asking too much of the steel. We have been relying 
on its ductility all along, and so far we have not 
been let down by British steel, though we evidently 
need some safeguard against notch brittleness for 
the future. 

Professor Baker’s statement also seems to point 
out, and other speakers tend to support this, that 
the brittleness which has been troubling us is a 
poe nay problem, and practically independent 

. This agrees with the recently issued 
Secundt Menvilen Shoneet of ti American Board of 
Investigation. Welding has hitherto been con- 
sidered the villain of the piece, and I hope someone 
will be frank enough to say that it is not so black as 
it was painted. Mr. Adam gives an interesting 
summary of the types of fractures encountered, and 
I should be glad to supplement this with 
and further details if desired. There is one type of 
fracture which is very puzzling, and that is the type 
where two long cracks progress almost parallel to 
each other. This is very hard to explain on the 
basis of stresses. It almost looks as if a brittle 
fracture had imertia, or momentum, of its: own. 
After hearing what has been said, I think the trouble 
is not so simple as to be explained merely. by 


I should like to draw'| “ 





segregation,” as Mr. Adam seems to suggest. 
Mr. Barr’s paper* is extremely interesting, though 
I am sorry to see that he gives a number of Izod 
values without stating the temperatures of the tests. 
I do not think that Izod tests have any value at all 
unless the temperature is stated, and then only if a 
series of tests are made at different temperatures, 
as Mr. Barr has done in the last part of his paper. 
I think he has been rather naive when he notes 
evidence of strain-ageing in the vicinity of the 
fracture. It is not strange that the plate should 
have been strained over the yield point in this 
vicinity, since, so far as I have been able to make out, 
brittle fractures have never been obtained in tensile 
tests at ordinary temperatures below the yield point. 
We have seen definite evidence of yielding before 
brittle fractures in Mrs. Tipper’s film. His references 
to the effect of thickness (and this applies also to 
Mr. Offord’s remarks) are interesting, but I think the 
effect may be partly geometrical and partly metal- 
lurgical, and it may be difficult to isolate these 
factors. 

With regard to the statement referring to Table 
VIII} in Mr. Barr’s paper, comparing the percentage 
reductions in energy absorptions between 20 deg. and 
0 deg., there is certainly a marked trend in favour of 
the high manganese, but it will be noted also that 
there is a tendency for low manganese to be asso- 
ciated with high carbon, which may be a factor. 
There are also, of course, many other variables, so 
that the effect may not be due to manganese alone. 
This remark also applies to Fig. 41, which is 
nevertheless interesting, since it shows the sharp 
transition at about 0 deg. C., which is, of course, 
well within the range of service temperatures of ships. 
Fig. 42 is of particular interest, not so much in 
showing the effect of grain size as in showing the 
effect of strain-ageing, which seems to shift the curves 
bodily about 50 deg. to the right. The remark to 
the effect that the transition temperature is an 
indication of the susceptibility to strain-ageing is 
rather curious, and I should be interested to know 
how it is arrived at. Personally, I should have said 
that it was the other way about. Again, brittle 
fractures have also been experienced in riveted 
ships, as several speakers have pointed out. Design 
and workmanship have been critically scrutinised 
before even suspecting the properties of the steels. 

With regard to Professor Mott’s remarks on the 
effects of the state of the surface, I recently saw a 
reference to some experiments by Benedicks and 
Ruben,{ in Germany, which showed that wetting 
with water reduced the bending strength of glass 
by about 23 per cent., while wetting with kerosene 
increased it by 16 per cent. It was also reported 
that similar effects, though with different percent- 
ages, were observed with steel Dr. Orowan points 
out that Kuntze’s work did not take account of the 
fundamental difference between the two types of 
fracture. This is a very important remark, as the 
point does not seem to be very widely appreciated. 
With regard to the meaning of “‘ cohesive strength,” 
I cannot see that the figure Kuntze and the others 
sought could be a characteristic of the material. 
Even a brittle fracture must start somewhere, and, 
as Professor Mott has said, this implies a stress 
concentration at the fracture front, which brings in 
geometrical effects associated with the stress 
gradients and vitiates the concept of averaging the 
load causing fracture over the fractured area. This 
remark may affect Dr. Orowan’s suggestion that the 
brittle strength should be determined at liquid-air 
temperature more or less as a routine test. I 
imagine also that such a test would be difficult on | Damage 
account of the difficulty in ensuring concentric 


I was fascinated by the suggestion in Professor 
Mott’s and Dr. Orowan’s papers that the velocity of 
propagation may affect the character of the fracture, 
since this was a view which seemed to be gaining 
ground in America when I was there at the beginning 
of this year, and which led to a number of attempts 
to ascertain this velocity. At that time, no very |x 





' 
* See ENGINEERING, vol. 165, pages 208 and 222 (1948). 
+ Ibid., page 223. ‘ 
¢ “ The Influence of Liquids upon the Strength of Glass 
and Hardened Steel,” by G. Benedicks and G. Ruben; 
Jernkontorets Annaler, vol. 129, 1945, pages 37 and 106. 
Reported in Hngineers’ Digest, Aug., 1945: 





reliable results had been obtained, but it seemed to 
be over 10,000 feet per second. Some methods used 
in these investigations were described in Document 
FE/4/140. Dr. Orowan ‘has said that notch 
brittleness is one of the most frequently discovered 
properties of metals. It is true that it has frequently 
appeared, and on each occasion it has disappeared 
as mysteriously as it came. Nevertheless, we do 
not seem to have elucidated it fully, and it is 
devoutly to be hoped that this occasion will not be 
allowed to pass without a very determined effort to 
understand its causes ahd prevent its recurrence. 
Lt.-Comdr. MacCutcheon has put us at our ease in 
discussing what we felt was an American trouble, 
and I earnestly hope that our future investigations 
will not be obscured by diffidence in discussing 
publicly a matter which, after all, is a technical 
problem closely concerning engineers the world over. 
It is rather sad that, although this problem has been 
known for a very long time, its implications in 
structural engineering have not been fully appre- 
ciated, and it was necessary for some ships to break 
in half for its importance to be realised. 


(T'o be continued.) 





THE BEHAVIOUR OF H.M. SHIPS 
DURING THE WAR.* 


By N. G. Hott, C.B.E., R.C.N.C., and 
Captain (E) F. E. Ciemrtson, R.N. 


(Continued from page 546.) 


THERE has been an increasing requirement in modern 
warships for space in the bridge structure, both for 
vital operational equipment and for sleeping accom- 
modation for key personnel. These bridge structures 
have, in consequence, assumed quite massive propor- 
tions in cruisers and battleshi sand have caused serious 
windage problems. In the g George V class, the 
tall front and sides gave good screening to the forward 
part of the compass platform, but made conditions in 
the admiral’s bridge below extremel ay and 
unsatisfactory for operations in cold climates. In 
H.M.S. Nelson, conditions on the bridge were fre- 
quently uncomfortable due to fumes from the funnel, 
particularly when steaming head to wind. The top of 
the funnel was appreciably below the top of the bridge 
structure, and it is surprising that action had not been 
taken before the war to cure so obvious and trouble- 
some a defect. Some of the windage problems on 
open bridges in cruisers were greatly accentuated by 
additional equipment fitted just before the bridge 
front. This equipment interfered markedly with the 
vertical air flow which is so important a factor in pro- 
tecting exposed bridge personnel. 

Masts in warships of all types were severely tested 
during the war years. The loading and windage on the 
masts to meet the increasing requirements for wireless 
and radar were quite beyond anticipation when the 
ships were designed, and, in cruisers and destroyers, 
vibration trouble was sometimes serious. Such trouble 
was unnecessarily accentuated in the case of tripod 
masts by inadequate cross staying, this merely con- 
sisting, in most cases, of a triangle of horizontal stays 
half-way between the base and the top of the tripod. 
To meet the increased loading on destroyers’ masts, 
without increase of weight, it was decided to change to 
a braced lattice structure, and this type has proved 
satisfactory. On the whole, however, tripod masts 
fully justified their design. H.M.8. Duke of York’s 
mainmast, in the tt with the Scharnhorst, had a 
good half section of both mainmast and port strut 
shot away, and yet carried its considerable load through 
very bad weather for several days while steaming back 
to harbour. 

Weather decks subject to blast from heavy guns 
fired at low elevations showed considerable vertical 
violent movement in areas pe ra the pam 

to equipment in sick bays, dental surgeries 
vontiiition rn rem and electrical cable leads, from 
weather-deck movement, often caused considerable 
inconvenience. Minor bulkheads should be stopped 
about 2 in. short of such weather-deck areas and, in 
general, equipment should not be secured to such 
bulkheads, but supported from the deck below. Allter- 
natively, any equipment such as ventilation trunking, 
cable ways, etc., which must be supported by hanging 
straps from the weather deck, should + a good 

ring system incorporated in the supports. 

During the first three months of the war, a number 
of failures occurred in the first row of ahead impulse 
blades of the new Tribal-class destroyers, which had 





* Paper read at the Autumn Meetings of the Institu- 
tion of Naval Architects in. London on September 23. 
1948. Abridged. 
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: - ‘ , he resulting rapid sliding of the tooth surfaces 
the effect of putting ships out of action for repairs and t Sar f-teed g . 
when they were urgently needed. Investigation showed _ been vg ec: Sad rapid wear in the flexible couplings 
that the Bk te were due to fatigue of the material, between hi = 2 bay Bp eon more pronounced 
caused, presumably, by the combined effects of vibra- dofaote ataniinat a to the ‘b — in others. Othe 
tion in resonance with impulses from the nozzle vanes, f ri ‘tai rw to throst-blo = have been loosening 
and the repeated shocks inevitable with partial admis- ¢ vee the yy wiagy. ock seat, wear and loosen- 
sion. The trouble was cured by machining out the be bs pie saa moe bush, and difficulty in 
rotor groove and fitting }-in. wide blades of a specially Thee rs — ay eg « apne P P 
strong section and reduced height, in place of the pe pair cep ia dis sapphire a | 
original 3-in. wide blades. Later failures of the same ee a er ae tet Pie 
type occurred in one or two other destroyers and one fi w bladed “tee to th od ages of fitting a 
aircraft carrier. The steam bending stresses in the rag peal pw tre bac! wt Tt hich s: i 
high-pressure Curtis-wheel blades of a number of ships | was increased and the arrangement and curvature of |) ficial aa Pome: 7 y.. 1 bas a doubly 
have been calculated, and the results show that the | the tubes was modified so that the slope of the tubes | ne!) vot Rige sent a sa the critical speed 
maximum stress (which usually occurs when a small | at exit from the water drum was as near vertical as a ante aes where the forces are much reduced, 
group of nozzles is in use alone) is 4 satisfactory eri-| possible. Modern methods of boiler design can give a) OE yor i: — F staguce has an inherently 
terion of the safety of such blades. The Tribals, with | more accurate assessment of circulation characteristics | 7) 0 Done of vileati one with three blades. 
their high proportion of failures, have considerably | than was previously the casé, but this is a point which = copy hag stion has been reduced to about 
higher stress than other ships, where failures evidently | still has to be watched. It is customary now to carry pr a se es aca figures, and the —— 
oceutred only in border-line cases, probably due to some | out circulation trials to determine the safe forcing rate, | 0" cy Mar ock is now barely discernible, 
defect in workmanship. The calculations also revealed the criterion that, with boiler pressures of re robh whic: in Eas 
400 lb» per square inch, the depression ratio should problem which arose in Eastern waters, and to some 
not be greater than 0-5. extent in the British Pacific Fleet, was the very rapid 
Late in 1942, several battleships and cruisers of the | Werdown of lignum-vitae “A” frame bushes in 
Home Fleet repotted tfouble with excessive external | °™#in ships, mainly cruisers, which necessitated 
deposits on superheater tubes and portions of the unduly frequent dockings on a station where docks 
tor tubes. ‘These deposits were of a hard type, were ew and far between, and ships often had to steam 
to the tubes, and proved incapable of removal long distances to reach them. The cause of this 
ordinary » methods. As a fesult, consider-| TOuble, of which the United States Navy also had 
Ae idedekens of pressure were necessary when | 80me experience, is still not entirely clear. One likely 
—one ship reported an inotedse from 8 in. to | C@U%° Was Poor quality lignum vitae, which had also 
ll in. at fall Su tly, similar troubles been stored under unsatisfactory conditions ; but local 
eueurted ‘a dlles ope se yale conditions, such as the scrubbing action of coral in 
pany A? with in & paper pre- suspension in the sea-water, or possibly the action of 
;_| Other marine organisms, may have been contributory. 
In some cases, action damage revealed certain 
tal weaknesses in the layout of the main machinery, in 
that it showed that unduly serious loss of s 
capabilities could result from a single hit, in a particular 
position. oe pene example is the loss of H.M.S. 
Ark ike the aircraft carriers of the Illustrious 
class, H.M.S. Ark Royal was a three-shaft ship with 
the age sari: 4 ye ge ag a and the engine- 
when brought into contact with sea-water. | T00ms similarly, abaft the boiler-rooms. This meant 
If thete was water present in the oil, it separated | b#ving 4 large fan flat extending the full width of the 
readily and could be discharged overboard ; or if it|SbiP *bove the boiler-rooms, and similar spaces to 
did reach the burners they usually became extinguished whint the uptakes. The single torpedo hit from 
immediately, and no bad effects resulted. In 1942, | ch the ship subsequently sank was abreast the 
however, supply considerations forced the use of T we or boiler-room, which immediately flooded. 
cracked fuels from the United States and Caribbean | The flooding quickly spread, by way of the fan flat and 
areas. This type of fuel readily emulsifies when | he uptake spaces, to the centre boiler-room, and then 
brought into contact with sea-water, and it is possible | *© the port boiler-room by the same means. In conse- 
to burn oil containing even up to 10 per cent. of water | ence, all steam supply was lost, and this was the big- 
without much evidence at the burners. At the same | 8°t factor in the eventual loss of the ship. 
time, the ships concerned had occasion either to It was essential to take measures to remedy this 
displace oil by water, or to ballast the fuel tanks, and | ‘deficiency in the ships of the Mlustrious class. It 
in many cases trouble was experienced with | would have been too extensive @ modification to 
tanks; also, it is fairly certain that a considerable have made the uptakes watertight, and the main 






















































































































having a low natural circulation head and shallow tube 
banks. The lack of flexibility of the tube nests was 
also a contributory factor. A cure was found in fitting 
unheated downcomer tubes and altering the curvature 
of the fire-row tubes to provide increased flexibility. 
The effect of fitting perforated plate baffles in the water 
drums of the bile was also tried, with a view to 
improving the circulation in the fire-row tubes by 
increasing the turbulence in the water drums, and thus 
preventing the separation of steam which might be 
generated in the outer rows of tubes. In later designs 


° 


the height of the boilers and depth of the tube banks 


that, under certain conditions, the impulse blades 
some aircraft carriers then nearing completion would 
be in danger, and instructions were issued that the 
smaller nozzle groups in these ships were not to be 
used. alone. The practice now is limit the steam 
bending stress to one-half of the lowest figures 
to have caused failure. 

In the early stages of the war, what seemed to be a 
new type of internal corrosion of boiler tubes made ite 
appearance. It took the form of circles of hard oxide 
crust (hence the name “ stab pitting”) under which 
pitting rapidly developefl, and was found mainly in 
the fire-row tubes, those nearest the furnace suffering 
severély and being attacked on the fite side of the 
tubes towards the lower ends. Other fire-rows wete 
similarly affected to a lesser degree, with 
attacks in the outer rows of tubes. As - 
tinued, a | rape aS le: pb caer Sy phen 
to be laid off for re-tubing ing extent ; in some 
cases, tubes red renewal ft only two years’ 
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1 contamination of the beiler water. Corfosion of this 
' nature is an electro-chemical omenon, and is 
1 initiated at places where access of oxygen to the metal 
\ surface is non-uniform. The products of the conse- 

quent reaction are not soluble except in the presence 
E of sodium chloride, and are immediately precipitated 
f on the surface of the metal, causing a blanketing effect. 
e When, however, sodium chloride is present, the pro- 
1 ducts—ferrous chloride and sodium hydroxide—are 
a soluble; and the ferrous hydroxide formed by the 
" interaction is precipitated some little distance away, 
v settling on the metal as a thin membraneous disc 
e which acts as a = diaphragm, allowing the 
. free nae ions, but preventing the diffusion of 
)- 0 t is known as an “o 








, concentration | amount of wet oil was supplied to ships during the | "mediate measure adopted was to increase the height 
cell” is set up, and anodic attack of the metal begins, | war period. No great evidence of trouble with bonded | Of the dwarf bulkheads, over the line of the boiler room 
d and proceeds with increasing intensity. The longer | deposits has come from destroyers and smaller ships | !ongitudinal bulkheads, both in the fan flat and in the 
ie the process continues, the thicker the incrustation or| which do not displace oil by water, or, normally, uptake spaces. A later modification separated the 
38 “scab” bécomes, and the more efficiently does it act | ballast fuel tanks. Another point of interest which port uptake trunking from the others entirely, to a 
sp as a diaphragm. Underneath the scab, therefore, a|may provide food for argument is that Venezuelan | height well above the hangar deck. A watertight 
s, pit develops which deepens with great rapidity. Once contains vanadium, and at first it was thought | bulkhead was erected between this new and 
le the seab formation has taken place, pitting will develop, | that the vanadium content was the cause of the the double trunking as a further safeguard. air 
1d even if salt contamination is ated. This fact,com-| trouble. This theory, however, has been rejected ip | @0wntakes were also subdivided into separate leads 
n- bined with the rapidity of the attack, provided the | favour of the sea-water contamination theory, although | t© the port, centre, and starboard fans by watertight 
ys serious feature of the trouble. Moreover, it was found | possibly vanadium does play some part in the process. | ‘tunking. Later in the war, H.M.S. Indomitable was 
d. impracticable to remove the corrosion ucts from| Various troubles were experienced during the war with | hit by a torpedo abreast the port boiler-room. Serious 
8, the pitting—the only way of halting t of | furnace brickwork. The chief defects were spalling and | flooding again resulted, but the dwarf bulkheads 
to the cortosion—by means of power-driven Toller-tube erosion of bricks, together with breaking and paste sufficiently restricted it to enable steam to be main- 
ed cleaning brashes. Even when tubes have been removed | and burning of brickbolts. The throat bricks lining | ined in the other boiler-rooms. 
sts and cut up for examination, cleaning by pickling has | combustion tubes suffered most. There were various (To be continued.) 
k's proved t. The answer seems to be in the use| causes. The material, and to some extent the design 
a of chemical treatment fot the feed water, which has | of the bricks and brickbolts, were not romp | good 
“ut now been generally adopted in the Navy. to stand up to the higher temperatures and forci 
gh - A number of sloops, and later minesweepers, experi- | rates which were by then being employed in na REGISTER OF “ METROVICK ” EX-APPRENTICES.—The 
ck enced trouble from severe distortion of fire-row tubes, | boilers. The relatively small amount of peace-time | Metropolitan-Vickers Electrical Company, Limited, 
accompanied by circumferential cracking which neces- | steaming, mostly at low powers, did not really show| Trafford Park, Manchester, 17, is compiling a revised 
ins sitated tube renewals. The failures appeared to be| this up, and it was left to the prolonged steaming} edition of its “‘ Register of Ex-Apprentices and Ex- 
cal due to overheating, and, since they occurred most | and high powers of war-time operation to do so. The} Trainees,” which was last published in 1939. Those who 
ds. consistently in ships having auxiliary machinery of the | burning of inferior fuels had its effect also, and the| have not yet received a form on which to record their 
ies, reciprocating type, and boilers that were tively | contamination of the fuel by sea-water was a significant | present particulars are asked to communicate with the 
om lightly forced in comparison with the larger boilers | factor in causing slagging of the brickwork. Education Department of the firm. 
ble fitted in destroyers and other major warships, it was| The aircraft carriers of the Illustrious class, three- 
ped suspected at first that overheating was attributable to | shaft vessels, have suffered from a longitudinal critical 
in contamination of the feed water with oil derived from re in the centre shaft which occurs slightly below] SEVERN BarRaGE ScHEME.—In reply to a question by 
uch the auxiliary exhaust system. Metallurgical examina- power. The fact that the centre propeller works} Mrs. F. A. Middleton in the House of Commons on 
ter- tion revealed that the cracks were transgranular and | behind the hull structure sence eee cyclic | Thursday, December 2, the Minister of Fuel and Power 
ing, characteristic of fatigue. It was found possible to| variation of thrust, accentuated when the vessel is | (the Rt. Hon. H. T. N. Gaitskell, M.P.) said that progress 
ing produce similar cracking under laboratory conditions | turning because the slipstream of one wing propeller} on the construction of a tidal model, which was a neces- 
ood in tubes subjected to alternate heating and quenching | then impinges on half the area of the centre screw. | sary preliminary to further consideration of the Severn 
by pas water through the tube, after a relatively | At the critical speed, the three impulses per revolution | barrage scheme, had been delayed, owing to more urgent 
ber small number of cycles. These experiments showed |from the three-bladed propeller coincide with the} work and difficulty of finding an appropriate site. 
ulse that the failures were attributable to intermittent or | natural frequency of the system, and the applied force} It was w ly that any final conclusion would be 
had irregular circulation, and theoretical investigation of |is multiplied some eight times by resonance. This | reached for at least another two years. The construction 
the circulation characteristics of the boilers showed that | is sufficient to increase the alternating force when | of tidal models for othemschemes, such as those in the 
itu- the circulation margin was much less than was 


Menai Straits and Pentland Firth, would not be proceeded 
with until the experiments with the Severn barrage 


sw ° 
th all cases, the boilers were of very squat design, ‘model had been completed. 
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MANUFACTURE OF HOFFMANN 
BALL AND ROLLER BEARINGS. 


(Continued from page 537.) 


THe turning of inner races and outer races from 
steel bar has already been described. The inner races 
leave the automatics with the track and outside radii 
formed, but with only one inside radius. The other is 
turned on a second-operation chucking lathe, and the 
parted-off end is faced. The identification marks are 
then stamped on the inner races, and they are degreased 
and passed to a “batching” store preparatory to 
hardening, which is similar to that for outer races. 

The faces of the inner races are ground on a Blanchard 
or a Gardner machine, and the periphery on a centreless 
grinder. Sample inspections of both dimensions—width 
and diameter—are made. The bore is ground on a 
Bryant machine, of the type shown in Fig. 22, on 
this page. Several races are held in a shuttle in an 
air-operated chuck, while the operator is unloading 
and loading another shuttle. Sample checks are made 
for parallelism, circularity, concentricity of the peri- 
phery with the bore, and the squareness of the bore 
with the faces, and complete checks are carried out for 
size and finish of the bores. The tracks of the inner 
races are ground on either Hoffmann or Van Norman 
machines, such as the one shown in Fig. 28, on page 
564. In the latter case the workhead of the machine 
oscillates to generate the curvature of the track, and 
the grinding wheel is advanced to give the correct 
diameter. 

The diameter of the inner-race track is ground to 
suit the outer race. As already described, the outers 
are segregated into different sizes, in increments of 
0-0001 in., after they have been ground. The quantity 
of each size (of a particular nominal size) is noted, 
and the appropriate quantities of inner races of suitable 
sizes are ground to suit. This is the firm’s usual 
practice, which has been found to ensure accurate 
mating of the races, with the minimum waste and with 
economy in production. The diameters of all tracks 
are checked, and the inner races are ated, by 
means of the dial-indicator comparator shown in 
Fig. 24, opposite. The race is slightly rolled on the 
lower anvil, up to the rear stop, the dial indicator 
showing the size to the nearest 0-0001 in. If the 
quantities of different sizes of inner races do not match 
exactly those of the outer races, it is of no great conse- 
quence as the large quantities produced by the firm 
ensure that all races are used either immediately or in 
due course. 

The other tests at this stage in the manufacture of 
the inner races are complete examination for hardness 
(the scraper test, as used for the outer races); a 
complete visual examination for flaws, etc.; sample 
tests for the curvature of the track; concentricity ; 
and “wobble.” The two latter tests are carried 
out in the manner shown in Fig. 23, on this page. 
The race is pushed lightly on to a tapered mandrel, 
which is spun between centres, the two dial indicators 
revealing any errors in concentricity or the position of 
the track in relation to the width of the race. Lapping 
is done with a number of races on an arbor, by means 
of an impregnated leather pad. The inner races are 
then demagnetised and finally inspected—visually (all 
races) for rust, damage, etc., and by gauges for width 
and all “ running errors,” i.e., concentricity of peri- 
phery with bore and track with bore, and true running 
of the faces in relation to the bore. The races are 

led by increments of 0-0001 in. by the method 
illustrated in Fig. 24. The inner and outer races are 
then ready for mating, but before this is described 
the manufactare of balls and rollers from chrome- 
carbon steel should be considered. 

The principal stages in the production of a 1-in. ball 
are shown in Fig. 26, opposite. From left to right 
they are: a piece of bar of the correct volume (a 
“ slug”); @ hot forged ball, in the rough state; a 
rough-ground ball; a finish-ground ball; and a 
finished ball. Over { in. diameter, balls are hot forged, 
but up to that size they are formed in a cold-heading 
machine. For hot forging, it is most important for the 
slug to be of the correct volume; if it is not, it will 
either damage the forging dies due to an excess of metal, 
ox it will not form a complete sphere. Ideally, there 
must be a slight flash. The volume is checked by 
weighing, the slugs being cropped from a bar. or, in 
the larger sizes, being machined all over with the ends 
rounded to ease the work of the dies. The balls are 
heated to 1,000 deg. C. and forged individually in a 
forging press. The cold-heading machines are of 
well-known t; in which a measured length of wire 
or bar is fed through a hole in a die; it is then sheared 
off, carried forward, and formed between dies. The 
hot-forged balls are rough ground to remove the 
flash and scale in a machine with the axis of the grinding 
wheel vertical. The balls are rolled on a circular 
V-way, which is open at the bottom of the V to allow 
them to come into contact with a rotating grinding 
wheel. Cold-headed balls are first annealed to remove 


MANUFACTURE OF BALL 


THE HOFFMANN MANUFACTURING 


the work hardening effect, and are then ‘‘ cleaned up ” 
in a machine with a rotating file plate. 

The final grinding before hardening is carried out in 
Hoffmann machines, one of which is illustrated in 
Fig. 29, on page 564. The balls are rolled around a 
series of concentric grooves of semi-circular cross- 
section, on one face of a cast-iron disc, by a fine-grit 
wheel which grinds them. The axes of both the disc 


The balls shown on the left of the illustration are 
jostled down the inclined channel, through a radial slot 
in the disc and thus into the concentric grooves. 
Here, they are rolled in the grooves round the disc by 
the action of the rotating grinding wheel which presses 
on them. The balls travel in an anti-clockwise direc- 
tion (Fig. 29), until, having passed almost completely 
round the disc, they are caught by a radial rake-like 
member, above the slot, which leads them out on to the 
top of the inclined channel. They are again jostled 
down the channel, and, in this way, complete the cycle 
many times. 

The action is not true rolling: if it were, no grinding 
would take place. The grinding wheel itself develops 
deep grooves opposite those in the disc, and, as the 
balls more or less fit the grooves, grinding takes place. 
One might add to this, the effect of centrifugal force, 
and of slight inaccuracies in the alignment of the disc 
and the wheel. both of which tend to ensure that the 
balls are ground all over, because, as they pass round 
the grooves, their axes of rotation are continuously 
changing. The balls are ground in this way for, 
perhaps, six hours, the length of time depending pri- 
marily on the size of ball. Each ball completes the 
circuit hundreds of times. The pressure on the balls 
is adjusted by feeding the disc towards the grinding 
wheel by means of a screwed head, the exact setting 
depending on the condition of the wheel. Spot 
checks of the size of the balls are made while grinding 
is in process, and to avoid damaging the grinding wheel 
with an odd large ball, the maximum diameter of all 
balls is verified before grinding by passing them through 
holes in a plate. The. thickness of metal left on the 
balls for grinding off after hardening is about 0-006 in. 
to 0-008 in. (i.e., twice those amounts on the diameter). 

ana ar is carried out in rotary muffle furnaces, 
¢as fired, of Hoffmann design and manufacture. The 
‘balls enter from a hopper into one end of a furnace, 
which rotates slowly, causing them to pass along 





‘internal helical paths to the other end, where they drop 





and the wheel are horizontal and in line with each other, 
but the disc is stationary while the wheel rotates. | 
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Fig. 23. CHECKING CONCENTRICITY AND 
“WosBBLE”’ OF INNER Race. 


into a water tank. A temperature of 820 deg. C. is 
reached before quenching. The speed of rotation of the 
furnace can be adjusted to suit the heating time 
required. The balls are then tempered at 125 deg. C., 
having been heated to this temperature in a circulating- 
air ‘ 
To remove the scale, etc., the balls are tumbled in 
abrasive, and then examined visually for obvious faults 
such as flats, cracks, soft spots (indicated by a local 
darkening ), etc. After that they are ground with a 
=a wheel, preparatory to lapping, which is carried 
out between two cast-iron or Mechanite wheels, gener- 
ally in a manner similar to that in the machine 
shown in Fig. 29. A paraffin-base oil is used for the lap- 
ing, which removes only about 0-00005 in. The time of 


‘lapping and the weight of a batch of balls per machine 


are between about 6 hours and 90 hours and 50 Ib. and 
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COMPARATOR FOR INNER-RacE TRACK DIAMETER. 
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700 Ib., respectively. Up to this stage the diameter of 
the balls is checked by micrometer, but now ring 
gaugesare used. The operator of the machines periodic- 
ally checks the sizes, and a travelling inspector also 
carries out checks. 

The final sizing operation consists of tumbling in 
a solution of rouge in paraffin. Some of the tumbling 
drums—round and octagonal—are illustrated in Fig. 30, 
on page 564. Each drum can be tilted forward on 
trunnions to discharge the balls. The rouge also refines 
the surface of the metal. The balls are then tumbled in 
& caustic-soda solution which imparts a final polish. 
After that, they are tumbled in sawdustto dry and clean 
them, subsequently being separated from the sawdust 
by a vibrating sieve. The sizes of the balls are accurate 
to within + 0-000bin. of the nominal dimension (some- 
times less). Although that completes the ball manu- 
facturing processes, the balls are prepared for inspection 
by tumbling them with pieces of chamois leather in a 
wood-lined bartel. This removes all impurities, especi- 
ally moisture, from the surface. Workers who handle 
the balls after this stage wear chamois-leather gloves. 

It is, perhaps, surprising to learn that the final com- 
plete inspection of the for flats, cracks, grinding 
marks, soft-spots, etc., is an unaided visual inspection 
by girls. One of them is shown at: work in Fig. 31,-on 


to receive the upper and lower balls. 








FRAGMENTS OF TESTED STEEL BALL. 


page 564. A batch of balls is placed in a shallow metal 
box or tray, which is lined with a strip of paper and is 
mounted on rollers. The balls are well illuminated by 
a diffused light, and are examined collectively and 
individually by the girl, who is able to view every part 
of the surfaces by pulling the paper to cause the balls 
to roll, and by turning the tray. The very high finish 
and the cleanliness of the surfaces, and the perfectly 
regular pattern of parallel rows of balls of the same size, 
enable the examiner to detect the slightest irregularity. 
The untrained eye would require a microscope to see 
some of the smaller flaws for which balls are rejected. 
Rejects are rare, but not so rare that the efficiency of 
inspection is jeopardised. 

An interesting test to verify the strength of a steel 
ball under a compressive load applied at two diametric- 
ally opposite points is illustrated in Fig. 25, on this 
page. Three balls of the same size are p between 
two anvils in a hydraulic press, with the one to be 
tested in the middle; the anvils have slight hollows 
A cylindrical 
steel guard is placed round the balls. The load is 
then applied gradually and increased up to breaking 
point. The centre ball bursts suddenly with a loud 
report. The breaking load depends on the size of 
the ball, and’a table of values is in use for testing all 
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STEEL-BaLL COMPRESSION TEST. 


sizes. A 1-in. ball, for example, must withstand a load 
of 80,000 lb. There is a characteristic form of fracture 
for a homogeneous ball, which is well illustrated in 
Fig. 27. The small pieces in the foreground, of roughly 
conical shape, come from the top and bottom of the 
ball, the base of each being the flattened area of contact 
with the upper or lower ball. These conical pieces are 
forced towards each other, causing the remainder of the 
ball to burst into several more or less similar pieces, 
with perhaps a few odd fragments. 

Rollers for roller bearings are produced from chrome- 
carbon steel bar or wire, which is first centreless ground 
and then chamfered, or radiused, and off. 
Rollers will not withstand the instantaneous effect of 
being quenched in water, as they are less in 
shape than balls; they are therefore hardened in oil. 
They are heated to between 820 and 830 deg. C. in 
rotary furnaces of the type already described in con- 
nection with the hardening of the balls, and are subse- 
quently tempered at 125 deg. C., to which they are 
heated in a circulating-air furnace. The scale is 
removed by tumbling in abrasive. The ends of the 
rollers are then twice ground (rough and semi-finish), 
and the periphery is rough ground, these operations 
being done in centreless-grinding machines. The 
periphery is again ground and the rollers are tumbled 
in a fine polishing powder. The ends and peripheries are 
then finish ground. The diameter of a roller is niea- 
sured by a dial indicator arranged with an anvil and a 
back-stop similar to that used for measuring the track 
diameter of inner races. A final burnish is obtained by 
tumbling the rollers in chromic oxide; they are then 
dried in sawdust, cleaned with chamois leather and 
visually inspected. 

All balls and rollers and the tracks of races are 
heat treated to give a diamond pyramid hardness 
number of 800 to 850 (with a 30-kg. load). 


(To be continued.) 





BRITISH COUNCIL SCHOLARSHIPS IN ENGINEERING.— 
Out of a total of 359 British Council Scholarships awarded 
for the academic year 1948-49, sixteen have been granted 
to scholars studying engineering subjects. British Council 
Scholarships are awarded to overseas graduates or to 
others of like status to enable them to undertake a year’s 
specialist study at a British university, college, hospital 
or other educational institution. ‘The twelve countries 
from which the scholarship holders come are Argentina, 
Cuba, Czechoslovakia, Finland, Hong Kong, Hungary, 
Iraq, Iran, the Sudan, Transjordan and Turkey. The 
subjects of study include aeronautics, telephony, highway 
engineering, machine design, electrical engineering, civil 
engineering, surveying and mining. : 
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CONTRACTS. 


Messrs. TENAPLAS LimITED, Upper Basildon, Berk- 
shiré, have obtained a contract from the Government of 
Mysore, South India, to manufacture 18 extrusion 
machines or Polythene, PVC., and similar thermoplastic 
materials. The new plant is to be installed in the 
Government factory at Bangalore. aoe 

Messrs. VICKERS-ARMSTRONGS LIMITED have re- 
ceived an order from the British Tanker Company, 
Limited, London, for a 28,000 tons deadweight single- 
screw tank steamer to be constructed at their shipyard 
and works at Barrow-in-Furness. The propelling 
machinery will consist of double-reduction geared tur- 
bines designed to give the vessel a speed of 16 knots. 
She will have a length of 610 ft. and will be constructed 
with ten sets of triple cargo tanks. 

Messrs. LEYLAND Motors Lowirsp, Leyland, Lanca- 
shire, announce that the original order for 59 long-distance 
luxury coaches, placed with them for Argentine operators, 
has been increased to 66 vehicles. Fifty of the bodies 
will be made by Messrs. H. V. BuRLINGHAM, LIMITED, 
Blackpool, and 16 by DuPLE MoTor Bopzes, LIMITED. 
The chassis are 35 ft. long and have a wheel base of 


21 ft.6in. A further two coaches for Bombay air port | ; 


have been ordered from Leyland by Air-India Inter- 
national. Coachwork for the new Leyland Tigers will 
be of g full-fronted design and double doors at the rear 
will give access to a large separate luggage compartment. 

A.E.C. Luarep, Southall, Middlesex, have received 
orders for 46 of their Regent Mark III double-deck 
vehicles and 34 Rega] Mark III single-deck vehicles from 
the South Wales Transport Company, Limited ; 26 of the 
double-deck and 15 of the single-deck vehicles from the 
Rhondda Transport Company, Limited ; 14 of the double- 
deck and 17 of the single-déck vehicles from the Devon 


firm bave also received many orders for their Monarch, 
Matador, and Mammoth Major vehicles from administra- 
tions and companies in many parts of the country. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ DJEBEL Drra.”—Single-screw vessel, carrying 
56 cabin-class, 76 third-class, and 274 deck passengers, 
together with sheep and general cargoes, built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Newcastle-upon-Tyne, for the Compagnie de 
Navigation Mixte, Marseilles. Main dimensions: 345 ft. 
(between perpendiculars) by 51 ft. by 27 ft. 10 in. to 
main deck; deadweight capacity, 4,018 tons on a mean 
draught of 23 ft. 10} in. Parsons steam turbines with 
double-reduction double-helical gearing and two Babcock 
and Wilcox single-pass type boilers. Speed on trial 
exceeded 164 knots. Trial trip, November 17. 


S.S. “Crry oF BIRMINGHAM.”—Single-screw cargo 
vessel, carrying 12 passengers, built and engined by 
Messrs. John Brown and Company, Limited, Clydebank, 
for the Ellerman Lines, Limited, London, E.C.3. Third 
vessel of the series. Main dimensions: 450 ft. by 
61 ft. 6 in. by 41 ft. 8 in.; deadweight capacity, 10,960 
tons. Steam turbines with double-helical single-reduction 
type gearing, developing about 7,200 s.h.p., constructed 
in collaboration with Messrs. Parsons Marine Steam 
Turbine Company, Limited, Wallsend-on-Tyne. Service 
speed, about 15 knots. Launch, November 18. 


M.S. “Sr. THomas.”—Single-screw cargo liner, 
carrying 12 passengers, built by Messrs. Joseph L. 
Thompson and Sons, Limited, Sunderland, for the 
South American Saint Line, Limited, Cardiff. Main 
dimensions: 472 ft. 5 in. by 59 ft. 4 in. by 39 ft. 8 in.; 
deadweight capacity, 9.640 tons on a draught of 26 ft. 
9tin. Five-cylinder opposed-piston Doxford oil engine, 
of 5,300 b.h.p., supplied by Messrs. William Doxford and 
Sons, Limited, Sunderland, to give a speed of 15 knots. 
Trial trip, November 25. 


M.S. “ HorcH Rover.”—Single-screw oil tanker built 


by Sir James Laing and Sons, Limited, Sunderland, for 


A/S Leif Héegh and Company, Oslo, Norway. Main 
dimensions: 475 ft. (between perpendiculars) by 
67 ft. 44 in. by 37 ft. 4in.; deadweight capacity, about 
15,000 tons on asummer draught of 29 ft. Four-cylinder 
engine supplied by Messrs. William Doxford and Sons, 
Limited, Sunderland, to give a trial speed of 124 knots. 
Launch, November 30. 


MLS. “* Carona.”—Single-screw cargo vessel, carrying 
12 passengers, built by Messrs. William Gray and 
Company, Limited, West Hartlepool, for the Swiss 
Shipping Company, Limited, Basle, Switzerland. First 
of two. Main dimensions: 300 ft. (between perpendicu- 
lars) by 46 ft. 10 in. by 27 ft. 6 in. to shelter deck; 
deadweight capacity, about 3,000 tons on a draught of 
18 ft..9in. Five-cylinder Sulzer marine Diesel engine 
of 2,140 b.h.p., supplied by Messrs. Sulzer Brothers, 


BRITISH STANDARD 

SPECIFICATIONS. 

Tux followi ublications of engineering interest 
have been i by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Vi London, 8.W.1, at 
the price quoted at the end of 


Graphical Symbols Telecommunications.—A 

on ey eres Dede ttek 2 ee 

are set out symbols for telecommunications 

pe Dy al Hwee ive ieee 
revision was dated Januar Y 

The new edition has been i 


L 


Consumers’ Electricity Control Units.—Some time ago 
the British Standards Institution set up a committee to 
co-ordinate efforts which were being made to evolve a 
uniform, compact and flexible means for the efficient 
control and distribution of electrical 


on a 

distribution of electrical energy 

neutral, alternating-current single-phase system having 
a declared voltage not exceeding 250 at a frequency 
of 50 cycles per second and a maximum load of 60 am- 
peres. [Price 3s., postage included.] 





BOOKS RECEIVED. 


The Story of the Bridge. By F. W. Rosriys. Cornish 
Brothers, Limited, 39, New-street, Birmingham, 2. 
[Price 30s. net.] 
Fowler’s Architects’, Builders’, and Contractors’ Pocket 
Book, 1948. Originally compiled by WuuuM H. 
Fow.er. Fifth edition. Revised and edited by 
J.LEaSK Manson. The Scientific Publishing Company, 
316, Manchester-road, West Timperley, Manchester. 
[Price 10s. 6d. net.] 
United States National Bureau of Standards. Miscel- 
laneous Publication No. M189. Report of the Thirty- 
Third National Conference on Weights and Measures, 
Washington, D.C., September 22 to 25, 1947. Super- 
intendent of Documents, U.S. Government Printing 
Offices, Washington 25, D.C., U.S.A. [Price 40 cents.] 
Mechanical Drawing. A Text with Problem Layouts. By 
THomas E. FRENCH and CaRL L. SVENSEN. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 2-80 dols.] ; 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 17s.] 
British Internal Combustion Engine Research Association. 
The B.I.C.E.R.A. Flow Meter for Measuring the Fuel 
Consumption of Internal Combustion Engines. By 
W. P. MANSFIELD. Offices of the Association, 111-112, 
Buckinghbam-avenue, Slough, Buckinghamshire. 
United States Bureau of Mines. Bulletin No. 471. 
Analy of Complex Mixtures of Gases. Application 
to Control and Extinguish Fires and to Prevent Explo- 
sions in Mines, Tunnels, and Hazardous Industrial 
Processes. By S. H. ASH and E. W. FELEGy. Super- 
intendent of Documents, U.S._ Government Printing 
Office, Washington 25, D.C., U.S.A. [Price 75 cents.] 
The Society of Engineers. Professional Practice in Engin- 
eering: For Engineers Engaged on Consulting Work. 
Offices of the Society, 17, Victoria-street, London, 
8.W.1. [Price 2s. to members; 3s. 6d. to non- 
members.] 
Techniques in Experimental Electronics. By PROFESSOR 
C. H. Bacuman. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3-50 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 21s. net.] 
The Crystalline State. Editor: Sm LAWRENCE BraaG. 
Volume II. The Optical ‘Principles of the Diffraction 
of X-Rays. By Proressor R. W. James. G. Bell 
and Sons, Limited, York House, Portugal-street, Lon- 











Limited, Winterthur, Switzerland, to give a service speed 
of 12} knots. Launch, November 30. 





PERSONAL. 


Mr. W. FILLiInecHam Brown, B.Sc. (Eng.) (Lond.), 
M.I.C.E., surveyor to the Colne Valley Sewerage Board, 
20, Castle-street, Hertford, Hertfordshire, has been 
appointed chief engineer and general manager to the 
Board as from April 1, 1949. 


Mr. B. J. Tams, M.Se,, M.1.Mech.E., has been ap- 
pointed general manager of Messrs. J, Brockhouse and 
Company, Limited, Elms Works, Wolverhampton. 
-GENERAL W. 8. Tore, O.B., C.B.E., 
MI, E,, Director of Mecbanical Engineering, War 
Office, bas succeeded Major-GuyensL Sik Bustace 
TiIcKELL, K.B.E., C.B., M.C., as an honorary Member of 
Council of the Institute of Metals, 4, Grosvenor-gardens, 
London, 8.W.1, representing the War Office, 

Mr. W. O. Fenwick, M.I.H,.E., has been appointed 
technical editor of the Hlectrical Review, in succession 
to Mr. O. O, BRETELLE. Mr. Fenwick received bis engi- 
neering training with Medsrs. Fielding and Platt, Limited, 
Gloucester, and tbe Bristel Corporation Electricity 
Department. He joined the editorial staff of the Electrica! 
Review in 1918, after serying with the Ministry of Muni- 
tions, and has been chief assistant (technical) editor 
for many years. 

Mr. H. W. Rocke, who has been managing director of 
the Vacuum Oi] Company Limited, Caxton House, 
Westminster, London, 8.W,1, for the past two years, 
will continue to hold that office, Mr. J. C. GRIDLEY, 
at present an executive director of Messts. Powell Duffryu 
Limited, will join the board of the Vacuum Oil Company 
on January 1, 1949, and thereupon will be appointed 
chairman. 

Mr. GrorGE ARCHER, O.M.G., and Ma. L. K, BrInD- 
LEY, M.B.E., have been appointed directors of the Mond 
Nickel Company, Limited, Grosvenor House, Park-lane, 
Lendon, W.1. 

The Railway Executive, Scottish Region, announce 
that Mr. GzorGE Tomson has been appointed outdoor 
machinery and electrical assistant in the mechanical and 
electrical engineer’s department and Mr. WILLIAM 
THOMSON, locomotive assistant. Mr. E. A. MILNE has 
been placed in charge of the newly-formed carriage and 
wagon department, constituted on December 1. His 
headquarters are at Cowlairs Works, Glasgow, N. MR. 
F. J. PEprer has been made outdoor superintendent, 
carriage and wagon engineer’s department. At the 
St. Rollox Works, Mr. J. BULL has been ap: ointed works 
manager of the locomotive ships and Mr, H. WILcock 
works manager of the carriage and wagon shops. At the 
Cowlairs Works, Mr. J. 8. Scorr has been made works 
manager of the locomotive shops and Mr. E. R. Parsons 
works manager of the carriage and wagon shops. 

Mr. M. S. MacKENzIE, who was metallurgist in the 
Small Arms Division of the Department of National 
Defence, Canada, during the war years and has been 
latterly on the staff of the Inspection Board of Canada, 
has been appointed to the staff of the Canadian Stan- 
dards Association, National Research Building, Ottawa, 
as technical assistant in charge of mechanical and metal- 
lurgical standardisation. 


Mr. M. R. Happocg, O.B.E., at present chief inspector, 
Ports and Shipping Inspectorate, Control Commission, 
Germany, has been appointed an assistant secretary of 
the Docks avd Inland Waterways Executive, 22, Dorset- 
square, London, N.W.1. 

Mr. D. E. J. Tatsot, B.Sc. (Wales), has been ap- 
pointed a research metallurgist in the Metallurgical 
Branch, Armaments Research Establishment, Royal 
Arsenal, Woolwich, London, 8.E.18. 

Messrs. REED BROTHERS (ENGINEERING) LIMITED, 
announce that they have appointed Messrs. TOPPING 
AND HENDERSON, LimITED, Market Hall Chambers, 
Church-street, Eccles, near Manchester, to represent 
them in respect of their business of hydraulic, rabber and 
plastics machinery in the Manchester and North-Western 
areas. 

Messrs. A. A. JONES AND SHIPMAN, LIMITED, Nar- 
borough-road South, Leicester, ce that their 
London office hag beep removed to Murray House, 
5, Vandon-street, Buckingham Gate, London, 8.W.1. 
(Telephone : WHiItehall 0508.) 

Tue A. P. V. Company Limrrep, Wandsworth Park, 
London, 8.W.18, have appointed Messrs. GREEN 
BROTHERS, 62, Upper Brook-street, Manchester, to be 
their agents in Lancashire and Cheshire for A.P.V. 
aluminium and gunmetal castings and Paramount 
stainless steel castings. MESSRS. PARAMOUNT ALLOYS, 
LimMITED, Slough, are a subsidiary of the A.P.V. Company, 
engaged on the production of stainless steel castings. 








Roya. Socrery.—At the 286th anniversary meeting 
of the Royal Society, held on November 30, the following 
officers were elected for the ensuing year: as President, 
Sir Robert Robinson ; as treasurer, Sir Thomas Merton ; 





don, W.C.2. [Price 80s. net.] 
Theory of Structures, By Dr. ARTHUR MORLEY. Fifth 
edition. Longmans, Green and Company, Limited, 


6 and 7, Clifford-street, London, W.1. [Price 21s. net.] 


as secretaries, Sir Edward Salisbury and Professor D. 
Brunt; and as foreign secretary, Professor EB. D. Adrian. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.-The heavy wear and tear on - plant 
due to the ‘record-breaking outputs at the steelworks 
is beginning to affect production, bape Seven Saw 
slight, Firmaces need repairs more frequently, but 
temporary remedies pending routine to be 
carried out during the New Year bolidays are enabling 
production to continue at a high level. A recent slight 
improvement in blast-furnace outputs is being main- 
tained, raw materials being in fairly satisfactory supply. 
Small billets and sheet bars are still scarce, but most 
other descriptions of semi-finished steel are in better 
supply. Sheete and shipbuilding materials are in strong 
demand. Difficulties over steel for shipbuilding have 
been emphasised in speeches at recent launching cere- 
monies, the shortages being blamed for impeding the 
work of bull construction and the installation of engines, 
thus adversely affecting deliveries. Recent complaints 
by builders that they had not received a proportionate 
share of the excess of 25 per cent. of steel claimed to 
bave gone to the industry were passed on last week to 
Sir Stafford Cripps by the chairman of the Scottish 
Board for Industry, who reported earlier that statistics 
provided by the shipbuilders showed that deliveries in 
1947 exceeded allocations by about 3 per cent. 

Scottish Coal.—Divisional programmes are beginning 
to appear over-burdened in many cases, owing to the 
relatively low deep-mine outputs. Current production 
is more than 15,000 tons a week below that in the corre- 
sponding period last year, the principal decline occurring 
in the two Central Areas embracing Lanarkshire. Fife, 
the Lothians, and Ayrshire are displaying a more pro- 
gressive trend, but the improvement has not yet come 
up to the fullest expectations. The current demand has 
sharpened following the mild autumn, and supplies are 
being strained to meet the requirements. In most cases 
deliveries fall short of basic allocations, notably in the 
house-coal trade, and some anxiety is felt at the extent at 
which depot reserves have been drawn upon during the 
past two weeks. The situation is being tackled vigorously, 
but unless colliery outputs increase quickly or the 
division is relieved from other commitments, the denuda- 
tion of stocks may be difficult to arrest. Industrial and 
steam coals are also below requirements. Export com- 
mitments are being met, but margins are small, no 
surplus being available for countries without allocations. 
Eire, Denmark, Sweden and Finland are the principal 
destinations for Scottish coal at present, but shipments 
to France are being restored to normal. Coke-oven 
activity is being maintained at a maximum, and altbough 
recent supplementary deliveries of about 600 tons a day 
from England were delayed by fog, adequate supplies 
were arranged to maintain blast-furnace operations. 


NOTES FROM THE SOUTH-WEST. 
CarRpiIrFr, Wednesday. 

The Welsh Coal Trade.—The recent proposal, contained 
in the report of the Joint Committee on Production, to 
set up “ pithead courts ” with powers to fine absentees 
has been rejected by South Wales miners. The decision 
was taken at a conference attended by Mr. Gaitskell, 
Minister of Fuel and Power, and Lord Hyndley, chair- 
man of the National Coal Board, who asked for increased 
production. The miners were acting on the advice of 
their area executive council. The lodges have now been 
asked to submit alternative proposals for submission to 
the Joint Committee. Other sections of the report 
dealing with the need for increased output per manshbift 
and an extension of Saturday working were accepted. 
Collieries have been faced with an extra difficulty during 
the past week by the spell of foggy weather. This 
delayed the arrival of shipping at the ports and the 
Loaded wagons were held 
up at the docks, with the result that collieries experienced 
a shortage of empties. In some instances this wa» suffi- 
ciently acute to interfere with the smooth working of 
the mines, although, generally, productions were little 
affected. Business has been as difficult as ever to 
negotiate on the Welsh steam-coal market. There has 
been a sustained demand, especially for the better 
qualities, which operators have been unable to meet 
fully. Op foreign account, a good trade has been main- 
tained with Portugal and South America, and it is 
expected that arrangements will soon be completed for 
next year’s deliveries. Some easing of the exchange diffi- 
culties in the Spanish market led to a slight improvement 
in business, but trading with Italy was quiet and French 
deliveries were still restricted. 

Swansea Steel-Sheet Indusiry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was no appreciable change in the 
firm condition of the tin-plate market. The demand was 
strong, and, with a high level in production being main- 
tained, the business transacted for delivery during the 
current quarter was comparatively good. The export 
market was quiet because makers had only small quan- 
tities to spare, after satisfying the home demand. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—-The fecent foggy spell greatly ham- 
pered industry, which could get neither prompt delivery 
ot raw materials nor make full yse of rail and road trans- 
port. Steps, commenced on Friday and operated 
throughout the week-end, were taken to clear delayed 
traffic which had filled the marshalling yards and many 
sidings. Every available locomative, extra train crews 
and many shunters were pressed into service and the 
dispatch of mineral trains was at the rate of one every 
half-hour. Industry is also being retarded by gas cuts 
which are operative every third week and negessitate 
short-time working. Efforts are being made to finish 
Dice iedliog wim. ont mies ae tiie eee 
holidays. Rolling mills and ferges are fairly well 
plied with slabs and billets, and users of steel sheets po 
bars are hoping that the supply position will improve 
when the system of allocations is eased. Engineering | Monda: 
firms are very heavily bcoked, and there are some years’ 
work on the books in connection with iron and steel 
works plant and machinery. Further reparations 
machine tools are improving the situation in the re- 
equipment of steelworks. 


South Yorkshire Coal Trade.—Supplies of coal are 
coming forward more freely now that the fog has cleared 
and normal railway working is being re-established. The 
demand for washed and graded steams is stronger, and 
there is pressure for larger supplies of locomotive hards, 
the delivery of which was hampered during the foggy 
spell. The flow of coal to the ports for shipment abroad 
and for coastwise trading has been resumed. Bunkers 
are in fairrequest. Furnace and gas coke are in increased 
demand, and patent fuel is very active. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

. General Situation.—The heavy demand for larger sup- 
plies of iron and steel] continues unabated. Obstacles to 
an enlargement of the tonnage output are formidable, 
but the gradual increase in coal deliveries encourages the 
hope that some enlargement in the production of certain 
commodities that are in practically strong request may 
be possible in the near future. The yield of the Cleveland 
fronstone mines, while still considerably below what is 
desired, continues to increase and foreign ore imports 
remain at a satisfactory level. Substantial parcels of 
iron and steel scrap are reaching the consuming plants, 
but the demand is still considerably greater than sellers 
can meet. Pig iron is still wanted in much larger quanti- 
ties than are available, but supplies it be i 
by the re-kindling of idle blast-furnaces until coke is 
more plentiful. Lurge quantities of finished products 
are being cleared and great efforts are being made to 
deal witb contracts before the stoppages for the Christmas 
holidays. 


Foundry and Basic Iron.—The acute scarcity of ordin- 
ary foundry pig iron is causing much complaint. The 
shortage, together with inadequate supplies of light 
scrap, is interfering with the manufacture of castings and 
other commodities. There seems no likelibood of a 
resumption of the make of Teesside brands of foundry 
pig and the intermittent prc duction of a special foundry- 
quality iron does little to meet users’ requirements. 
Nearly all the foundry pig going into use between Tees 
and Tyne is now coming from distant producing areas 
and satisfactory deliveries cannot always be relied upon. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite is in greater demand than producers can 
meet fully, but parcels reaching regular users are reperted 
to be on a sufficiently large scale to meet essential needs. 
The distributable tonnages of low- and medium-phos- 
phorus qualities of iron are readily taken up. Refinéd- 
iron manufacturers have a good deal of work in hand. 
but are in a position to accept orders for reasonably early 
delivery. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron are busy on running contracts and 
expect to be very actively engaged for some time. 
Steel-producing plants are operating at as high a pressure 
as conditions warrant, but the heavy outputs are far from 
adequate to meet the buyers’ heavy requirements. The 
position with regard to steel semies is a little easier. 
Better supplies from the Continent are coming forward, 
but imports are much below pre-war figures. Billets 
and sheet bars are in very strong request. Finished-steel 
firms have numerous orders in hand and have still to deal 
with very heavy delivery claims. 











INSTITUTE: OF RoaD TRANSPORT ENGINEERS.—The 
next meeting of the Loudon session of the Institute of 
Road Transport Engineers will be held on Thursday, 


.December’16, at the Royal Society of Arte, John Adam- 


street, London, W.C.2, commencing at 6.30 p.m. A 
paper entitled “‘ The Gas Turbine for Road Transport,” 





will be read by Mr. J. Hodge. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall teach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


OF STRUCTURAL ENGINEERS.—Scottish 


of Practice for the Structural Use of Normal Reinforced 
Concrete in Buildings,” by Dr. Oscar Faber. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre; Monday, December 13, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. “ Lightning Pro- 
tection of High-Voltage Transmission and Distribution 
me fh Ac H. M. Lacey. London Students’ Section : 

» December 13, 7 p.m., Vietoria-embankment. 

W.02. "Sale ot — to Congumers,” by Mr. 
F. Grant. Radio Section: Tuesday, December 14, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
** Frequency Modulation versus Amplitude Modulation,”’ 
opened by Mr. H. L. Kirke. Scottish Centre: Wednesday, 
December 15, 7 p.m., Heriot-Watt College, Edinburgh. 

of Electricity to Horticulture,” by Mr. 
C,. A. Cameron Brown and Mr. E. W Golding. 

INSTITUTION OF PRODUCTION ENGINEERS.—Halifax 
Section: Monday, December 13, 7 p.m., White Swan 
Hotel, Halifax. ‘‘ Production and Inspection of Gears,” 
by Mr. J. Milwain. Birmingham Section: Wednesday, 
December 15, 7 p.m., James Watt Institute, Birmingham. 
* Costing as an Aid to Management,” by Mr. H. H. Nor- 
cross. Liverpool Section: Wednesday, December 15, 
7.15 p.m., Radiant House, Bold-street, Liverpool. 
“ Sintered Carbides,” by Mr. H. Eckersley. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, December 13, 7.30 p.m., 198, West-street, 
Sheffield. ‘‘ Machinery for Motor-Driven War Vessels,” 
by Mr. E. Scott, Institution: Wriday, December 17, 
6.30 p.m., 39, Victoria-street, 8.W.1. “* Fuel Efficiency in 
Heating and Domestic Boilers,” by Mr. B. H. Shoard. 
“ Efficient Operations of Industrial Boiler Plante,” by 
Mr. John Gayfer. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Shefield 
Branch: Monday, December 13, 7.30 p.m., Royal Vic- 
toria Hotel, Sheffield. ‘‘ Production and Properties of 
Nodular Cast Irons,” by Mr. H. Morrogh and Mr. J. W. 
Grant. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 14, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Design 
of Reinforced-Concrete Piles, with Special Reference to 
Reinforcement,” by Mr. B. F. Saurin. Yorkshire Associa- 
tion: Friday, December 17, 7 p.m., University, Leeds. 
“Construction of a Pre-stressed Reinforced-Ooncrete 
Bridge,’ by Mr. A, J. A. Roseveare. 

INSTITUTE OF MARINE ENGINEERS and INSTITUTION OF 
NavaL ARCHITECTS.—Tuesday, December 14, 5.30 p.m., 
85, Minories, E.C.3. ‘‘ Latest Developments in Rever- 
sible Propellers,” by Professor L. C. Burrill. 

INSTITUTION OF OHEMICAL ENGINEERS.—Tuesday, 
December 14, 5.30 p.m., Geological Society, Piccadilly, 
W.1. “ Deposits on External Heating Surfaces of 
Water-Tube Boilers,” by Dr. H. E. Crossley. 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, Devsember 14, 6 p.m., South 
Wales Institute of Engineers, Cardiff. “‘ Cinematography 
in Engineering,’ by Mr. H. A. V. Bulleid. Also at the 
Institution: Friday, December 17, 6 p.m., Storey’s-gate, 
St. James’s Park, 8.W.1. Midland Branch: Thursday,, 
December 16, 6 p.m., James Watt Institute, Birmingham. 
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* | Wednesday, December 15, 7.30 p.m., University, Leeds. 


** Rubber as a Stress-Carrying Material,” by Mr. S. W. 
Marsb. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND,—Tuesday, December 14, 6.30 p.m., 39, Elm- 
bank-creseent, Glasgow. ‘‘ Water Turbine Machinery,” 
by Mr. A. A, Fulton. 

Roya Society or ArRTs._-Wednesday, December 15, 
2.30 p.m., John Adam-street, W.C.2. “ Industrial 
Design and .the Engineering Industries,” by Mr. M. 
Harland Thomas. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, December 15, 5,30 p.m., Institution of Mechanieal 
Engineers, Storey’s-gate, 8.W.1. “Forty Years of 
Automatic Train Control,” by Mr. A. W. J. Dymond. 


DiesEL Encivng Users AssoolaTIon.—Thursday, 
December 16, 2.30 p.m., Caxton Hall, Victoria-street, 
8.W.1. ‘* Heavy-Oil Engine Working costs, 1946-47.” 

RoyaL AERONAUTICAL Socrery.—Thursday, Decem- 
ber 16, 6 p.m., Institution of: Civil Engineers, Great 
George-street, S.W.1. ‘“‘ Thoughts on Use of Powered 
Flying Controls in Aircraft,” by Mr. D. J. Lyons. 
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INDUSTRIAL WASTE 
WATERS. 


Most industrial premises discharge waste waters 
which are produced at some stage of their activities ; 
possibly a sawmill is an exception. The waste 
liquids vary greatly in character; they may be 
toxic or may become polluting as a result of oxida- 
tion after discharge to a stream; they may, on 
the other hand, be merely objectionable in the 
sense that they foul rivers and render them un- 
sightly, waste waters from coal w&sheries coming 
within this class. The objections ‘to polluting 
streams and rivers are many. The most obvious 
to the general public is that they may become an 
offence to the eye and nose; but although this 
matter of amenity is of importance, and by no 
means to be ignored, more serious results may 
follow. Fish and other aquatic organisms may be 
poisoned ; in country districts streams may be 
rendered unsuitable for watering cattle and, most 
important of all, surface waters which are the main 
source of domestic supply may either be made so 
foul that they cannot be used or may require 
expensive and elaborate treatment to render them 
suitable for domestic, and even for industrial, 
consumption, Pollution by trade waste waters 
may éven extend to underground supplies. One 
method of disposal is to discharge the waste liquor 
to a soakaway, but if the ground is fissured, the 
polluted water may find its way into underground 
sources of domestic supply. 

It may be assumed that, in due course, the boards 
which are to be set up under the recent River Boards 
Act will devote much attention to the question 
of the relation between trade wastes and water 
supply. Their functions will cover land drainage, 
fisheries and river pollution and all these matters 
are closely related to, and may be affected by, the 
activities of industrial establishments. In the 
past, authority in connection with these matters 
has been exercised mainly by bodies having juris- 
diction only over the parts of rivers or streams 
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lying within limited administrative areas, which 
have been determined by politieal and other con- 
siderations having no relation to the geographical 
confines and extent of a river system. The areas 
of the new boards are t> be delimited by the Ministry 
of Agriculture and Fisheries in conjunction with the 
Ministry of Health and presumably will cover 
complete river basins. 

The setting up of the boards is a logical and 
reasonable procedure, but it is to be hoped that the 
new bodies will not conceive that one of their duties 
is to harass industry. Although it might be thought 
that the proper place to deal with a trade waste is 
at the factory in which it is produced, there may, 
at times, be difficulty in effecting this. Many 
factories are small, and in some cases considerations 
bearing on the cost of installation and operation of 
purification plant may be of some weight. Fortu- 
nately, for many types of industrial waste water, 
the most effective and cheapest method of treatment 
is to mix it with sewage at the local authority’s 
sewage works, This procedure is being extensively 
adopted and many local authorities have by-laws 
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sewers, or have made special arrangements with 
individual traders. It is necessary that the works 
discharge should not contain materials, such as 
acids or corrosive salts, likely to damage the sewers 
and works plant, and should not be of such a nature 
that it interferes with the normal operation of the 
sewage treatment system. 

In general terms it may be said that what may 
broadly be described as industries lying within the 
engineering field are those which are most likely to 
produce waste liquor which, in its crude state, is 
unsuitable for delivery to town sewers. The food- 
preparing industries and a considerable part of the 
textile industry produce waste waters of roughly 
the same character as domestic sewage, although 
frequently considerably stronger, but some branches 
of the engineering industry produce gas liquor, 
and waste waters containing copper or zinc salts, 
chromates, eyanides, or spent pickle liquor. Al- 
though waters carrying organic wastes may be 
suitable for treatment in a general sewage works, 
for some types of industry, in which the factories 
are often situated in country districts, there may 
be no works of sufficient capacity to receive them. 
Dairies and milk-product factories form examples 
of this class. In many cases the waste waters are, 
or were, discharged to streams, and although the 
matter they carry is not directly toxic, decomposi- 
tion after discharge leads to serious pollution. This 
particular matter of the discharge from milk pro- 
ducts factories was investigated by the Water Pollu- 
tion Research Laboratory some years ago and a 
pre-discharge treatment was worked out which 
produces a satisfactory effluent. 

This reference to the Water Pollution Research 
Laboratory will serve as an introduction to a brief 
account of a recent work* which covers the greater 
part of the whole field of industrial waste waters, 
the author, Dr. B. A. Southgate, being Director of 
the Laboratory. It is stated on the jacket that “no 
book dealing comprehensively with the treatment of 
industrial waste waters has been published in this 
country since 1913.” We think this remark cannot 
be extended to cover America, but it is probably 
correct to say that neither there, nor anywhere else, 
is there a work of the scope of this volume. The 
whole subject has been given much attention in the 
United States and of the references, numbering some 
450, which Dr. Southgate gives a considerable 
proportion is to American sources. Since its foun- 
dation in 1927, the Water Pollution Research 
Laboratory has contributed its share, probably more 
than its share, towards the solution of the many 
and complicated problems which trade wastes pre- 
sent to the chemist, bacteriologist and engineer. 

In the forty years since the foundation of the 
Water Pollution Research Board there has been a 
growing interest in the questions of river pollution 
and its prevention. The per capita demand for 
domestic water has increased, and is still increasing, 
and industrial consumption has risen and continues 
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to rise. It is the business of water engineers to deal 
with these conditions; but as ovate: seth ay 
from surface sources they must necessarily take 

lively interest in the of stream and ae 
pollution. It is possible to treat doubtful waters 
and render them suitable for general supply, but 
both economically and administratively it would be 
advantageous if sources of supply could be rendered 
so pure that little or no treatment would be neces- 
sary. The City of Glasgow is in the fortunate 
position of being able to draw water from Loch 
Katrine and deliver it without filtration. Most 
towns are not able to collect waters of such purity, 
but that is no reason for rendering other sources 
worse than they are ; it is, im fact, & good reason 
for trying to improve them. 

Dr. Southgate points out that “by far the 
greater part of the polluting matter discharged to 
surface waters in Great Britain . . . consists of 
organic matter, and such inorganic substances as 
ammonia, which are oxidised as a result of bacterial 
action.” Material of this kind undergoes oxidation 
at the expense of the dissolved oxygen in the water, 
which is indispensable to fish and other aquatic 
organisms. One way of dealing with the matter is 
the adoption of some type of works treatment which 
reduces the high biochemical oxygen demand of the 
—_ liquid and produces an effluent which may 

be discharged with safety. One of the recent pieces 
of work carried out-by the Water Pollution Research 
Laboratory in this field of organic trade wastes 
concerns the discharge from beet-sugar factories. 
This particular problem has ial difficulties 
arising from the fact that the discharge is seasonal. 
Dr. Southgate does not indicate that the system of 
treatment worked out has yet been adopted on a 
large scale. It is described in the volume we are 
referring to, which also deals in detail with fish-meal 

» breweries, vegetable-canning works, 
slaughter-houses and numerous other industrial 
establishments producing waste liquors, which, in 
@ crude state, are unsuitable for discharge to 
streams or the public sewers. In all cases much 
tabular information bearing on the results obtained 
in practice is given. 

In some types of industry not only may the quality 
of the waste water produced be improved, but 
valuable material may be saved by modifying 
works procedure. This applies to various food- 
producing, or food-processing, trades, but perhaps 
more particularly to metallurgical industries. By 
use of a system worked out by the Laboratory 
during the war, sludge recovered from copper-bearing 
waste waters was sold at 32]. a ton of copper 
content. The metallurgical industries in general 
may be said to produce waste waters which demand 
some type of pre-treatment before discharge. 
Lead, arsenic, chromium, fluorides, or copper, are 
examples of materials which may be present. Iron 
is @ common constituent of industrial waste water 
and may cause difficulties in the operation of a 
waterworks plant, and some soluble compounds 
of iron give rise to an unpleasant taste in domestic 
water even when present in very low concentrations. 
Tron-pickling wastes when di ed to surface 
waters render them acidic and the ferrous salts 
are oxidised to ferric compounds at the expense of 
the dissolved o leading to the destruction of 
fish and vegetation. Dr. Southgate states that the 
only practicable method of treatment so far devised 
is neutralisation with alkali. The method is old 
but the cost is high, and much work has been done 
in attempts to develop cheaper processes. A full 
account of this work is given in the book. 

It is not possible here even to mention all the 
trade waste waters and methods of dealing with 
them which are dealt with in this important treatise, 
which is likely to become @ main source of reference. 
The bock, however, is not and cannot be finally | ‘ 
definitive. Its subject is being worked on in many 
countries and progress may be expected in many 
direetions which in due course will call for revision 
or additional matter. As an example, in the 
section dealing with the removal of chromates 
from waste waters produced during chromium 

r plating and anodising, various methods of treatment 
are described, the last, involving ee ee 
column of acid-absorbing artificial resin, being in 


THE PERFORMANCE OF 
SHELL-TYPE BOILERS. 

AFrer a number of years spent under increasingly 
crowded and inadequate conditions in Fulham, the 
British Coal Utilisation Research Association is now 
established in new premises at Randall-road, 
Leatherhead ; premises which, if still some way 
from realising the ultimate intentions of its Council 
and executive officers—for the concentration of the 
several departments is not yet fully accomplished— 
afford already the accommodation for a considerable 
expansion of its function of investigating and im- 
proving the methods and practice of consuming coal 
in boilers, furnaces and industrial processes generally. 
Under the Director-General, Dr. D. T. A. Townend, 
the work of the Association is organised in the three 
main divisions of research, engineering, and domestic 
appliances, with separate departments dealing with | of 
furnace development, shell boilers, gas producers, 
fuel-bed reactions, etc.; and it is a fortunate cir- 
cumstance that the Association was able to signalise 
the transfer to Leatherhead by publishing a com- 
prehensive report on the work already done by one 
of the most important sections of the organisation, 
namely, that concerned with the operation of shell- 
type boilers.* 

The Committee which directed this work was set 
up in 1943 in co-operation with the Fuel Efficiency 
Committee of the Ministry of Fuel and Power, the 
Mining Association, the Shell Boiler Makers’ Asso- 
ciation, and the Stoker and Furnace Makers’ Asso- 
ciation, and the investigations described were made 
during the period 1944-47. While all of the colla- 
borating bodies—especially, perhaps, the Fuel 
Efficiency Committee of the Ministry—have accom- 
plished a great deal in the promotion of economy in 
consumption, it cannot be questioned that the 
opportunities for further savings are numerous and 
extensive, and the total fuel saving possible by the 
use of better appliances and improved methods runs 
into millions of tons of coal per annum; in fact, 
the declared objective of this single department of 
the B.C.U.R.A. activities is a coal saving of 
10,000,000 tons a year. As industrial boilers (includ- 
ing those of railway locomotives and ships) and 
industrial space-heating together consume about 
60,000,000 tons per annum, electricity generating 
stations about half that amount, and industrial 
furnaces fired with solid fuel take a further 
16,000,000 tons, it will be seen that a reduction 
aggregating 10,000,000 tons represents less than 
10 per cent. of the whole and is by no means im- 
possible of attainment ; it is estimated, indeed, that 
the avoidable losses due to air leakage through thin 
fuel beds, between stokers and the boilers to which 
they are fitted, and through open or badly-fitting 
furnace doors gre alone sufficient to account for 
this quantity. 

In the report, these estimates are supported by 
figures which, while well enough known to those who 
are accustomed to keep a regular check upon the 
performance of boilers, are not always so fully com- 
prehended by boiler-house personnel and, therefore, 
will justify quotation. Excess air entering a furnace 
increases the weight of the gases discharged to the 
chimney and also increases the exit gas temperature. 
The average CO, at the boiler exit in industrial 
plants is thought to be no more, and probably less, 
than 9 per cent., corresponding to about 110 per 
cent. of excess air; but, with modern firing equip- 
ment, proper supervision and—rather a difficult 
condition to satisfy at the present time—with suit- 
able fuel, 14 per cent. of CO, is practicable. The 
experimental work already carried out, and des- 
eribed in the report, shows that this increase in the 
CO, content of the flue gases represents a saving in 
coal consumption of 8 per cent. in a boiler of the 

‘Economic ” type, 17 per cent. in a Lancashire 
boiler with an economiser, and no less than 28 per 
cent. in a Lancashire boiler without an economiser. 
It may be mentioned that much of the experimental 
work referred to was carried out on boiler plants | to 
placed at the disposal of the Association by the 

* Report of the Shell-type Boiler and Firing Equip- 


ment Committee on “ The Influence of Certain Factors 
on the Performance of Shell-type Boilers,” by 








the experimental stage, but being of great promise. 


London County Council, the Royal Arsenal at 
Woolwich, and Messrs, Standard and 
Cables, Limited, so that the conditions may be 
taken as representative of a good class of industrial 
equipment. 

Other sources of loss dealt with in the report, 
though not quite so spectacular, are sufficiently 
significant in the aggregate to be of considerable 
importance; for example, an examination of the 
effect of high rating on efficiency showed that the 
drop in heat-absorption efficiency for each 1,000 Ib. 
per hour increase in evaporation was 1-3 per cent. 
in an “‘ Economie ” boiler, 1-8 per cent. in a Lanca- 
shire boiler with an economiser, and 2-0 per cent. 
in a Lancashire boiler without economiser, so that 
an increase from 10,000 Ib, to 12,500 Ib. per hour 
would increase the consumption of fuel between 
4 per cent. and 8} per cent., according to the type 
boiler plant. A study of such figures, in a 
particular installation, might well lead to a com- 
plete reversal of previous practice in meeting 
overloads, by indicating the desirability of bringing 
an additional boiler into service instead of forcing 
those already in steam; and possibly, in some 
instances, reducing the grate area of the boilers 
which are carrying the base load. Surface heat loss 
from well-insulated shell-type boilers has been 
found by careful measurement to range from 2 to 
3 per cent.; but in average plants “ this figure is 
likely to be greater ”—which seems to be a rhetorical 
understatement. 

That mechanical stokers are more economical 
than hand firing has always been a “‘ talking point ” 
with the advocates of mechanical firing, and it was 
only to be expected that the report should make a 
feature of this com: ; it was found that the 
saving of coal in favour of mechanical stokers, as 
compared with hand-fired grates with balanced 
draught, was some 15 per cent., attributed entirely 
to the effect of excess air admitted through the 
furnace doors of hand-fired boilers. Plant engineers 
who have suffered difficulties as a result of arbi- 
trary interference with their customary sources of 
fuel supplies, or from the increased proportion of 
ash that is inevitable when an extended provision 
of mechanical coal-cutting equipment in collieries 
is not matched by an expansion of the coal-cleaning 
capacity, will find that the report gives a quanti- 
tative expression to what they know already, 
probably in more general terms ; tests on two coals 
of similar character, exce that one contained only 
44 per cent. of ash and the other had 27 per cent., 
showed that the use of the high-ash coal reduced 
the evaporative capacity of the boiler by between 
40 per cent. and 50 per cent., while increasing the 
fuel consumption per pound of steam by more than 
80 per cent. 

Finally, it may be remarked that attempts to 
improve boiler efficiency are hardly likely to pro- 
duce satisfactory results unless reliance can be 
placed on the instruments used; in fact, it is 
probably within the truth to surmise that, in at 
least two-thirds of the cases in which it is sought 
to decry the value of laboratory tests with boiler 
plant on the ground that they cannot be duplicated 
in practice, a great part of the discrepancy is the 
result of inaccurate measuring instruments or 
failure to use them correctly. The report lays 
particular stress on this feature, pointing out in 
particular that considerable errors may be made, 
for example, in taking flue-gas temperatures by 
means of commercial types of pyrometer inserted 
in the gas‘stream. It was found that many such 
instruments gave readings which were 10 per cent. to 
15 per cent. below the true values, over a tempera- 
ture range up to 2,000 deg. F., because of radiation 
effects, and that errors of this magnitude might 
affect estimates of boiler efficiency by 2 per cent. 
to 3 per cent. Such details as these are typical of 
the practical value of the report to the ordinary 
industrial user of boiler plant. The regulation of 
— power-station boilers has been raised almost 

the level of scientific experiment by proper 
Pena i and what may be broadly termed 
operational discipline, but there is still an immense 
field for improvement in the much more numerous 
— industrial plants. This, latest report from 
the Association should greatly facilitate and en- 
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NOTES. 


CO-OPERATION IN THE Motor VEHICLE 
Inpustry. 


Tux Society of Motor Manufacturers and Traders 
have prepared a scheme to strengthen the existing 
liaison between British car and commercial vehicle 
manufacturers and the firms which supply their 
raw material and equipment. This will consist in 
making their factory premises and plant, as well 
as their technical and administrative material— 
such as blue prints, operation sheets, details of jigs 
and tools and floor-to-floor machining times— 
available to other manufacturers and suppliers. In 
addition, factory planning staffs will be available 
to assist those who supply the materials and com- 
ponents. As a corollary to this scheme, it has been 
agreed that the Austin, Ford, Nuffield, Rootes, 
Standard and Vauxhall organisations shall take im- 
mediate steps to accelerate the use of common acces- 
sories and components on their models. Manufac- 
turers of "buses and coaches have already taken 
steps to standardise the overall] dimensions of their 
chassis so as to facilitate body work; and it only 
remains for operators to come to an agreement 
over certain important details. Speaking at a 
Press conference, which was held at the Ministry 
of Supply on Friday, December 3, Mr. F. I. Connolly, 
president of the Society of Motor Manufacturers and 
Traders, said that the object of the first scheme was 
to increase productivity. The car standardisation 
plan was at present confined to the “ Big Six” 
manufacturers to ensure swift action and because 
they were responsible for nine-tenths of the car 
output. The importance of standardising com- 
ponents-in the way suggested lay in the fact that 
of the parts used in the modern car between 60 per 
cent. and 70 per cent. were “ bought out.” Basic 
design would not, however, be affected, and the 
ultimate object was the reduction of manufacturing 
costs. The Minister of Supply (the Rt. Hon. G. R. 
Strauss) hoped that the plan would serve to raise 
the standard of all firms throughout the engineeri 
industry to that of the most efficient. It was also 
announced that as a result of a campaign initiated 
in September, many sections of*the engineering 
industry were now practising schemes of mutual 
= —s the exchange of technical information 

staff. 


Taz InstrTuTION OF MECHANICAL ENGINEERS. 


At an extra general meeting of the Institution of 
Mechanical Engineers on Friday, December 3, 1948, 
with Dr. 8. F. Dorey, F.R.S., vice-president, in the 
chair, Mr. S. W. Lister, M.A., B.Sc. (Eng.); pre- 
sented a paper on “Control of Production.” He 
said that industry was now organised on the basis 
that machines were more specialised to do limited 
operations and less reliance was placed on the 
individual ; the problem was one of stores control 
followed by control of manufacturing operations. 
The old type of progress department with ‘‘ chasers ” 
to clear up difficulties led to the planning depart- 
ment, which “prevented” instead of ‘ cured.” 
Mr. Lister gave a brief sketch of the line, staff and 
functional methods of control with particular 
reference to the work of F. W. Taylor on functional 
control, and the difficulty of maintaining discipline 
with that system. With regard to stores or material 
control, there were two principal systems: that in 
which stocks were replenished when an agreed 
minimum \7as reached, and the more elaborate but 
better system in which materials for each order 
were apportioned long before they were issued. 
The work of the planning department was described 
in some detail, starting with consideration of the 
working drawings, and then dealing with “‘ routing ” 
through various machines, time scheduling (em- 
bracing time and motion study), the preparation of 
operation sheets, “dispatching” the operations 
according to the prepared plan ; and, finally, record- 
ing how the plan worked out in practice. Various 
bonus systems were considered, and the inadvis- 
ability of altering the price of a job after it had been 
fixed was stressed. The author then summarised the 
various stages in production-control procedure and 
Teferred to requirements such as drawings, stores 
records, data on machining, etc.‘ In practice, he 


said, the details of production control were worked 
out to suit individual cases ; and any system must 
be flexible. Planning was easiest.in a plant well 
stocked with orders, and most difficult when the 
order book was thin. The discussion was opened 
by Mr. J. M. Newton, B.Sc., who stressed the diffi- 
culty of planning the production of large machines 
made singly or in small numbers. He agreed with 
the statement that nothing ever went according to 
plan, even if it were a good plan. Whenever the 
plan went wrong, the system of management must 
allow a correction to be made quickly. Maj.-Gen. 
W. 8. Tope, C.B., C.B.E., described the R.E.M.E. 
system of planning repair work, mostly of a jobbing 
nature. He remarked that the piece-work system 
tended to promote bad labour relations where runs 
ef work were so short that almost more rate- 
fixing than useful work was being done. In work- 
shops employing civilians, the commanding officer 
assessed each man’s worth, taking various factors 
into account, and awarded him an ability bonus. 
Colonel L. F. Urwick referred to the national 
certificate in management, and urged the Insti- 
tution to arrange for its own management-training 
requirements to accord with the national plan. He 
was convinced that all concerned with management 
should work to a common doctrine. He welcomed 
the author’s paper and hoped that it was .the 
beginning of increasing attention to management in 
the Institution’s Proceedings. The discussion was 
continued by several other speakers. 


THE DEVELOPMENT. OF TELEVISION. 


Some of the disabilities under which the British 
television industry is suffering, as well as certain 
suggestions for their removal, were mentioned by 
Mr, W. L. Wyatt during the debate on the motion 
for the adjournment in the House of Commons on 
Friday, December 3. We were, he said, far be- 
hind the Americans, for whereas they had some 
39 television stations in operation, we had only 
one, Moreover, we had only some 85,000 viewers, 
against some 700,000 in America ; and our output 
of sets was only 70,000 or 80,000 per annum, 
against their 750,000. (In the course of the debate, 
Mr. E. Fletcher stated that the American output 
was 100,000 a month.) He therefore wanted the 
Government to say what they were doing in pro- 
moting research and to assist the export of British 
receivers and transmitters. We had chosen to 
standardise the 405-line system, which had a lower 
definition than the 525-line system employed in 
America, while, what was more serious, the Ameri- 
cans had adopted “negative” while we used 
‘‘ positive” modulation. It was rumoured that 
our industry was to be forced to produce an Ameri- 
can type set for export. If that were so it would 
be impossible to base our export market on an 
“‘overspill ” from the home market. Whether this 
was the case or not he wished to suggest that the 
Government should see whether it was possible for 
the industry to make transmitters available to other 
countries, either at cut rates or on a subsidised 
basis, which would enable them to be given away. 
If this were done, those countries would then tend 
to look to Britain for receivers. Another important 
matter was the difficulty the industry was experi- 
encing in obtaining cathode-ray tubes. The present 
output was about 140,000 per annum. This meant 
that allowing for replacements not more than 
120,000 were available for new sets. In replying to 
the debate, the Joint Parliamentary Secretary to 
the Ministry of Supply (Mr. John Freeman) said 
that the quality of our sets was equal to those of the 
Americans, though they were, of course, substan- 
tially ahead of us in production. To overcome the 
shortage of cathode-ray tubes, which was due to 
the shortage of blowing and pressing machinery, 
some 60,000 to 70,000 bulbs and some 40,000 to 
50,000 finished tubes would be imported between 
now and the autumn of 1949. Our own production 
was also being stepped up. As a result, there would 
be sufficient tubes for the production of up to 
300,000 receivers per annum, although whether that 
number could be made would depend on the avail- 
ability of the necessary timber. The industry was 
fully alive to the importance of the export market, 
but a policy of subsidies did not appeal to him. 





Although we were using 405-line definition in this 


country at the moment, we were also able to 
produce 5265-line sets. There was also no danger 
of our capitulating to American opinion on the 
subject of modulation,- as it was believed we were 
using the better method of the two. 


Tue Con?Rot oF ELEctric Motors on Macuine 
TOooLs. 

The Control of Machine Tools (Electrical Equip- 
ment) (No, 4) (Revocation) Order, 1948 (S.I. 1948 
No. 2568), revoking the Control of Machine Tools 
(Electrical Equipment) (No. 1) Order, 1941, has 
been made by the Minister of Supply, and became 
effective on Thursday, November 25. The original 
Order laid down, inter alia, that electricity supply 
authorities should not refuse to supply users 
requiring to start a three-phase motor of capacity 
not exceeding 5 h.p. by the direct on-line method ; 
or requiring to use a three-phase squirrel-cage motor 
of a capacity not exceeding 30 h.p. Statutory 
Rules and Orders (1941) No. 1864, and (1946) No. 
307, made the same stipulations, the purpose in all 
eases being to extend the use of direct-starting for 
three-phase motors and thus to save material and 
labour. To enable this revocation to be made 
without detriment to industry, an agreed code of 
alternating current starting practice was published 
by the British Electrical and Allied Manufacturers’ 
Association early in the present year (see page 183 
of the previous volume of Encrvgrrrna). This 
lays down that starting current, rather than horse- 
power, type of motor or method of starting, shall 
be taken as the basis for limitation; and that 
alternating-current motors for voltages not ex- 
ceeding 650 shall be divided into five classes with 
permissible starting currents of above 200 amperes, 
100 amperes, 50 amperes, and less than 50 amperes 
per line, depending on the conditions at the point 
of supply. It also recommends that a motor may 
be started by any suitable method, provided the 
assigned permissibile starting current is not ex- 
ceeded ; and that when a high voltage supply is 
given directly to the user, the permissible starting 
current shall be determined by the supply authority’s 
protective apparatus. The revocation of the war- 
time orders can, therefore, it is considered, be made 
without detriment to industry. 





LETTERS TO THE EDITOR. 
THE METRIC SYSTEM. 


To THE Eprror oF ENGINEERING. 


Sim,—A few of the statements made by Dr. Harts- 
horn in his letter published in your issue of Novem- 
ber 26, page 520, cannot-be allowed to stand un- 
challenged. He makes no mention of the defect 
in the decimal notation, which it was the main 
object of my previous letter to draw attention to. 
I cited one defect, but there are in fact two: 
firstly, the absence of the factors 3, 4, and 6 in the 
decimal base 10, and, secondly, the fact that the 
digits used, 1 to 9, all operate in one and the same 
direction. There are none of the opposite sign, 
with the result that to find the algebraic sum of 
quantities of different signs, as in levelling and book- 
keeping, three separate operations are necessary 
instead of one. 

Now it is the fact that this unfortunate system 
has become universal that Dr. Hartshorn calls “ our 
brightest spot’; but is it an achievement to be 
proud of ? Is it not rather a relic of the dark 
ages? May we not look forward to a day, in the 
distant future perhaps, when we shall enjoy a 
universal number language free from these defects ? 
Again he states that the metric system is employed 
universally in science. Is not this a rather sweep- 
ing statement ? The scientist does not divide the 
day into ten hours, the circle into ten or a hundred 
degrees nor the year into ten months. He also 
needs the factors, 3, 4 and 6, and for this reason there 
is little likelihood of the metric system ever becoming 
universal, 

Lastly, Dr. Hartshorn states that for the purpose 
of measurement the duodecimal has no advantage 
over the decimal system. Straightforward measure- 
ment can certainly be made in either system with 
little difficulty ; levelling staffs are graduated in 
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decimals of a foot to conform with the accepted 
system. Yet although such staffs are well known in 
the building world, no attempt is ever made to 
extend their use to operations other than levelling ; 
the carpenter and bricklayer are quite content with 
two-foot or three-foot rules graduated duodecimally. 
The reason is clear: the operations they are 
engaged in call for frequent use of the simple factors. 
Bricks and concrete blocks, for instance, occupy 
spaces of which the dimensions are in proportions 
such as 2:3:6,or2:4:8. As in measurement so 
also in counting: articles such as eggs, bottles of 
wine or tennis balls can be counted with equal 
facility in tens or dozens, but are generally arranged 
in dozens for packing because the latter can be 
packed more compactly and cheaply than tens. 
Yours faithfully, 
J. Hatcro JOHNSTON. 
Orphir House, 
Orphir, Orkney. 
December 4, 1948. 





To THe Eprror oF ENGINEERING. 


Sir,—In view of Dr. H. G. Rowell’s lette: on 
page 544, ante, and the various papers on the subject 
read at the recent meeting of the British Association, 
perhaps some of your readers might be interested in 
some verses written by the great Professor W. J. M. 
Rankine during the B.A. meeting of 1864—and 
probably sung, to his own accompaniment, to the 
famous “‘ Red Lions.” The verses were contained in 
a little illustrated book of Rankine’s, Songs and 
Fables, and are reproduced below. 

yours faithfully, 
Epaear C. Smrrs, 
Eng. Capt., R.N. 
Keepers Corner, 
Horley, Surrey. 
December 6, 1948. 


A Sone Asout Stanparps OF MEASURE. 


When I was bound apprentice, and learned to use my 
hands, 

Folk never talked of measures that came from 
foreign lands : 

Now I’m a British Workman, too old to go to school, 

So whether the chisel or file I hold, I'll stick to my 
three-foot rule. 


Some talk of millimetres, and some of kilogrammes, 

And some of decilitres, to measure beer and drams ; 

But I’m a British Workman, too old to go to school, 

So by pounds I'll eat, and by quarts I'll drink, and 
I'll work by my three-foot rule. 


A party of astronomers went measuring of the earth, 

And forty million metres they took to be its girth ; 

Five hundred million inches, though, go through 
from pole to pole, 

So let’s stick to inches, feet and yards, and the good 
old three-foot rule. 


The great Egyptian pyramid’s a thousand yards 
about ; 

And when the masons finished it, they raised a 
joyful shout. 

The chap that planned that building, ’'m bound he 
was no fool ; 

And now ’tis proved beyond a doubt he used a three- 
foot rule. 


Here’s a health to every learned man that goes by 
common sense, 

And would not plague the workman on any vain 
pretence ; 

But as for those philanthropists who'd send us back 
to school, 

Oh, bless their eyes, if ever they tries to put down 
the three-foot rule ! 





STEEL PRODUCTION IN CaNADA.—The output of steel 
ingots in Canada during the period January to August, 
1948, totalled 2,029,457 net tons (of 2,000 Ib.), against 
1,894,054 net tons in the corresponding period of 1947. 





RUBBER TYRE FOR MILITARY TRANSPORT AEROPLANE. 
—wWhat is described as the largest aeroplane tyre ever 
made in the British Commonwealth has been built at the 
Fort Dunlop Works of the Dunlop Rubber Company, 
Limited, for a military transport aeroplane made by 
General Aircraft. Limited, With its irner tube the tyre 
weighs more than a quarter of a ton and is almost 7ft. 
in diameter. It contains 224 miles of Nylon cord, up- 
wards of 3 cwt. of natural rubber, 76 Ib. of carbon black, 
and 23 Ib. of high-tensile steel beading wire. 


OBITUARY. 


DR. BIRGER LJUNGSTROM. 

In proportion to its population, Sweden has pro- 
duced a notably high percentage of engineers of. 
more than average accomplishments, but there is 
probably none in modern times who has shown a 
greater ingenuity or more individuality in design 
than Dr. Birger Ljungstrém, whose death, we regret 
to record, occurred on November 17, at Stockholm, 
at the age of 76. Though best known, in this 
country at least, as the inventor of the Ljungstrém 
radial-flow turbine, he was interested in many 
other branches of engineering and had displayed an 
equal originality of mind in his contributions to 
several of them. 

Birger Ljungstrém was born in 1872 at Uddevalla, 
which is about 60 miles nerth of Gothenburg, but 
received the greater part of his education in Stock- 
holm, where he was a student at the Technical 
High School—a somewhat impecunious student, 
for he was obliged to work for his living in the 
intervals of studying. He showed a marked inven- 
tiveness even before he left evllege, and, soon after 





Tue Late Dr. BircerR LJUNGSTROM. 


graduating, brought out the Svea bicycle, an 
ingenious machine with a change-speed gear and 
freewheel, and driven through vertically-recipro- 
cated treadles instead of rotating pedals; it was 
awarded a gold medal at the Stockholm Exhibition 
in 1897. At the same exhibition, the De Laval 
steam turbine was a prominent feature and this 
may have stimulated Ljungstrém’s ideas, though he 
had been working tentatively on a scheme for a 
contra-rotating radial-flow turbine for some three 
years previously, as well as on a form of high-speed 
reciprocating engine. At about this time, we under- 
stand, he visited England and was employed in this 
country for several years, though we have no note 
of the nature and place of his activities while here. 
He returned to the subject of the steam turbine 
in 1904, and, four years later, brought it to the 
stage of practical operation. It was received at 
first somewhat hesitantly, for, although it demon- 
strably worked and Stodola had expressed approval 
of its principle, many engineers and potential users 
contrasted the design unfavourably with the obvious 
simplicity of more orthodox types. Strange as it 
appears now, even its compactness was regarded 
askance, as a possible source of difficulty in main- 
tenance. The inventor persevered, however, and 
the which he founded in 1908, the A.B. Ljung- 
canes habeaken and of which he was managing 
director for 15 years, gradually built up a con- 
siderable business in power-station sete and in other 





directions, such as locomotives (condensing and 








non-condensing), turbo-electric propulsion units for 
ships, and his air preheater, made in Britain by 
James Howden and Company. For the latter pur- 
pose, the Ljungstrém turbine was taken up in this 
country by the late Lord Invernairn, then Sir Wil- 
liam Beardmore, who joined with Ljungstrém and 
the Brush Electrical Engineering Company, Limited, 
the licensees in this country for the Ljungstrém 
turbine, in forming the British Ljungstrém Marine 
Turbine Company, Limited, who supplied the pro- 
pelling machinery for the steamer Wulsty Castle. 
This vessel and her machinery were described in our 
105th volume (1918). 

Ljungstrém also founded the Svenska Turbin- 
fabriks A.B. Ljungstrém in 1913, and this establish- 
ment, with his original firm, carried out a variety 
of contracts to his designs, as well as experimental 
aero-engines, road motors, and machinery for pulp 
mills. Almost up to the time of his death, he was 
actively interested in aircraft propulsion, for which 
he was engaged in designing a contra-rotating 
turbo-jet engine. He was the recipient of many 
distinctions ; his doctorate was conferred, honoris 
causa, by the Technische Hochschule at Dresden in 
1929, and, in his own country, seven years before, 
he had been elected to the Engineering Academy 
of Science, who also awarded him their Gold 
Medal in 1945. Perhaps his most notable award, 
however, was the Adelskéld Gold Medal of the 
Swedish Academy of Science, for he received it in 
1913—only five years after his turbine was intro- 
duced commercially—and the only previous reci- 
pient was Edison. 


DR. H. J. VAN DER BIJL, F.R.S. 


Frew men have achieved eminence in science, 
industry and public administration comparable 
with that of Dr. Hendrik Johannes van der Bij}, 
who died at Johannesburg on December 2 at the 
relatively early age of 61. He was a native of 
Pretoria, where he was born on November 23, 1887, 
and received his general education locally, after- 
wards ing to the Victoria University at 
Stellenbosch, where he graduated as B.Sc. with 
honours. Thence he went to Germany, to the 
universities of Halle and Leipzig; and, after 
obtaining his Ph.D. degree at Leipzig, was appointed 
an assistant professor of physics at Dresden in 1912. 
A year later, he went to the United States as 
research physicist to the American Telephone and 
Telegraph Company and the Western Electric 
Company, retaining this position until 1920 and 
doing much original work on the development of 
long-distance telephony. 

In 1920, at the request of General Smuts, he 
returned to South Africa as scientific and technical 
adviser to the Department of Mines and Industries, 
and, three years later, when still only 35, was made 
chairman of the newly-appointed Electricity Supply 
Commission. In 1928, on his recommendation, the 
South African Iron and Steel Industrial Corporation 
was formed, when he became chairman of this 
body also and supervised the organisation of the 
national steel industry, and the construction of the 
plant. In 1934, the first South African blast- 
furnace was blown in. Three years later, the 
African Metals Corporation was set up, and van der 
Bijl became chairman of this as well. On the out- 
break of war, he was appointed Director General 
of War Supplies, holding this position for three years, 
during which he expanded greatly the production 
of a great variety of munitions, largely through the 
Vanderbijl Engineering Corporation, makers of 
mining and steelworks plant. 

Dr. van der Bijl, who was also, honoris causa, a 
D.Sc. of Stellenbosch and an LL.D. of Capetown, 
became Chancellor of the University of Pretoria in 
1934. He was a Fellow of the Royal Society, of the 
Royal Society of South Africa, and of the Institution 
of Radio ineers; a foreign associate of the 
United States National Academy of Science and a 
member of the American Institute of Electrical 
Engineers; and an honorary member of the 
Koninklijk Instituut van Ingenieurs, Holland. He 
was also the author of a number of scientific and 
technical works, mainly on pure and applied physics, 
‘and on the wireless transmission of photographs, 
on which he was one of the earliest workers. 
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THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 545.) 


WE conclude below our report of the annual 
Autumn Meeting of the Iron and Steel Institute, 
held at the offices of the Institute in London, on 
Wednesday and Thursday, November 10 and 11. 


MolstuRE IN Propvucer Gas. 


““A Note on the Determination of Moisture in 
Producer Gas,” by Dr. J. Pearson and Mr. R. Toye, 
of the British Iron and Steel Research Association, 
was the first contribution considered on Thursday 
afternoon. Dr. Pearson, who presented the paper, 
stated that the control of the moisture content of 
producer gas might be essential for the correct 
working of gas producers. A method developed 
by the authors employed the Fischer reagent. This 
mixture of methyl alcohol, pyridine, iodine and 
sulphur dioxide, reacted with practically nothing 
but water so that other constituents of the producer 
gas would cause no difficulty. When an average 
value of moisture content over a period of 10 or 
15 minutes was required, an absorption method using 
Fischer’s solution was the most suitable. When, 
however, spot values were required, the dew-point 
method and a pressure-temperature method were 
probably the most suitable. The former instrument 
was the easier to make and the quicker in use. 

The first speaker, Dr. G. W. C. Allan, said that 
the paper described a direct attempt to evaluate the 
unconverted steam, which, as the authors pointed 
out, was a major diluent in the gas. A measure of 
the efficiency of the conversion of the steam in the 
producer fuel bed was also obtained. The only 
other speaker, Dr. J. E. de Graaf, said that the 
chemical method developed by the authors would 
be valuable in research work, but would be less 
suitable for routine determinations. In a brief 
reply, Dr. Pearson said that they had borne in 
mind that the method had to be used in an average 
works laboratory by the man who carried out the 
routine analysis. He did not agree that a trained 
analyst was required for this work. 


Faticve Tests ON CRANKSHAFT STEELS. 


The second paper considered on Thursday after- 
noon dealt with ‘‘ Fatigue Tests on Crankshaft 
Steels ” and was by Mr. P. H. Frith, of the Bristol 
Aeroplane Company, Limited, Bristol. The paper 
was in two parts, the first concerning “The Effect 
of Nitriding on the Fatigue Properties of a Chro- 
mium-Molybdenum Steel.” When presenting this, 
the author stated that the tests conducted on solid 
test pieces had shown that after nitriding for 10, 
22 or 72 hours at 485 deg. C., the fatigue fractures 
commenced in the vicinity of the junction between 
the case and the core, but with the nitrided hollow 
specimens, furnished with an oil hole, the fractures 
commenced on the surface of the nitrided case. 
From the test results obtained it was calculated 
that, by nitriding crankshafts and airscrew shafts 
for 10 instead of for 72 hours at 485 deg. C., a 
reduction in the fatigue limit of approximately 
0-7 per cent. would be obtained for the sections of 
the components which were approximately 3-0 in. 
in diameter without any form of stress concentra- 
tion, while the fatigue limit of the oil-hole sections 
of the components would be slightly increased. 
Hence, from a fatigue point of view, it appeared 
that the 10-hour nitriding treatment at 485 deg. C. 
was more suitable for crankshafts and airscrew 
shafts than the 72-hour nitriding treatment at 
485 deg. C. The depth of the nitrided case, as 
determined by a fracture test after the 10-hour 
nitriding treatment, was 0-004 in., and this appeared 
to be quite adequate for crankshafts and airscrew 
shafts, from a wear-resisting point of view. It 
seemed highly probable that by nitriding crank- 
shafts and airscrew shafts for 10 hours at 485 deg. C., 
instead of for 72 hours at 485 deg. C., the grinding 
Operation, after nitriding, might be replaced by a 
honing or lapping operation. This would eliminate 
the possibility of grinding cracks being formed, and 
would therefore simplify the manufacturing process. 

Part II of the paper dealt with ‘“‘' Tests on Nickel- 
Chromium - Molybdenum and Chromium - Molyb- 





denum-Vanadium Steels.”” When presenting this, 
the author said that the tests had shown that by 
machining the solid, hollow, or hollow-with-oil-hole 
fatigue test pieces from a heat-treated 3}-in. 
diameter bar of Cr-Mo-V steel of 90 tons per square 
inch maximum tensile strength, instead of from a 
heat-treated l-in. diameter bar of Ni-Cr-Mo steel 
of 60 tons per square inch maximum tensile strength, 
the fatigue limits were increased approximately 
31 per cent. for reversed bending, reversed torsional, 
or various combinations of reversed bending and 
torsional stresses. It appeared that, for solid test 
pieces, with the standard longitudinal polish, tested 
under reversed bending stresses, the fatigue limit 
obtained in the longitudinal direction was only 
slightly increased by increasing the maximum 
tensile strength from 90 tons to 113 tons per square 
inch. The fatigue limits of the hollow specimens 
machined from both Ni-Cr-Mo and Cr-Mo-V steels 
were approximately 1 per cent. lower than the 
fatigue limits obtained for solid specimens from the 
same steel, while a 0-020-in. diameter oil hole 
reduced the fatigue limit of both steels by approxi- 
mately 50 per cent. 

The discussion was opened by Dr. H. Sutton, 
who stated that one interesting and outstanding 
point was the very great benefit derived from quite 
a short-time nitriding operation producing a very 
thin case of the order of 0-004 in. thick. The 
author’s results also encouraged engineers to take 
note of oil holes, notches, and so on, and to feel 
that although their effects were harmful, those 
effects were greatly alleviated by nitriding. The 
next speaker, Mr. L. W. Johnson, said that in other 
branches of work on fatigue it had been shown that 
the scale effect was very important. Mr. D. A. 
Oliver, who spoke next, stated that he was pre- 
pared to accept the honing of specimens, instead 
of a grinding operation, after the nitriding treat- 
ment, as a good solution for relatively small com- 
ponents. When dealing with an ordinary Diesel 
engine multi-throw crankshaft, however, care had 
to be taken in supporting it in the nitriding furnace, 
but, afterwards, the depth of the case was found 
useful in rectifying smal] distortions which occurred 
during the nitriding operation. The last speaker, 
Mr. J. Woolman, said that he found it difficult to 
account for the changes reported by the author, 
particularly in connection with the tests under 
pure torsion fatigue. In these, commencing from 
specimens having had no nitriding treatment, a 
substantial increase in fatigue resistance was ob- 
tained after 10 hours’ treatment, and then a drop, 
and finally another rise. He could not see any 
theoretical justification for that peculiar change of 
trend as an effect of increasing times of nitriding. 

Mr. P. H. Frith, in reply, said that Mr. Johnson 
had mentioned large-scale tests. These were not 
carried out at Bristol, because, on completion of 
the laboratory investigations on specimens 0-6 in. 
in diameter, it was considered ‘that the best large- 
scale tests it was possible to have were engine 
tests. No failure due to the shorter nitriding period 
had occurred in the engine-running type of tests 
under overload conditions. In answer to Mr. 
Oliver, they had found that the shorter nitriding 
period reduced distortion considerably and he 
would expect this to be the case for any type of 
crankshaft. This matter, however, could only be 
settled by experience. In reply to Mr. Woolman, 
he and his colleagues were of opinion that the shorter 
nitriding treatment reduced the total compressive 
stress in the case and therefore the total tensile 
stress in the core. They knew that there was less 
distortion in a crankshaft after a short nitriding 
period and, therefore, it was assumed that less 
compressive and tensile stress was put into it. 


Magnetic Stupy oF StTarntess-STEEL WIREs. 


The next paper taken was on the subject of 
“4 Magnetic Study of Stainless-Steel Wires,” and 
was by Mr. P. T. Hobson, E. S. Chatt, and ‘W. P. 
Osmond, who are engaged on research at Messrs. 
Boosey and Hawkes, Limited, Sonorous Works, 
Edgware, Middlesex. Mr. Osmond, in presenting 
the paper, stated that in the course of the present 
investigation a considerable amount of information 
had been obtained on the magnetic behaviour of 
iron-nickel-chromium wires under different condi- 





tions of cold work and heat-treatment, which, it was 
felt, should be of value in the general study of these 
alloys. The apparatus employed had rendered 
possible the examination, on a cathode-ray oscillo- 
scope, of the magnetic properties of single wires 
with field strengths along the axis of the wire up 
to 1,000 oersteds. The apparatus was extremely 
sensitive, and remanence values could be read to 
an accuracy of some 10 per cent., and coercivities 
to within 5 per cent. By showing up irregularities 
of magnetisation due to variations in micro- 
structure it opened up fields for further investiga- 
tion. A tentative equilibrium diagram of the 12 per 
cent. chromium, 12 per cent. nickel alloy had been 
determined, for carbons ranging up to 0-20 per 
cent. This diagram was based on the results of 
experiments and on existing diagrams for the 
18 per cent. chromium, 8 per cent. nickel, alloy. 

Mr. D. A. Oliver, who opened the discussion 
stated that the chemical compositions of these 
steels were quoted in much too carefree a manner. 
It mattered a great deal whether the nickel per- 
centage was 12-1 or 12-3, and the chromium 11-9 
or 12-4. He would like the authors, therefore, to 
quote at least the next place of decimals in the 
nickel and chromium contents and the carbon 
figures exactly, if they were known. The only 
other speaker, Mr. G. C. Richer, said that he thought 
that the ultimate verdict was going to be that the 
conclusions arrived at by the authors, so far as 
that method of attack was concerned, were perfectly 
justifiable and probably very soundly conceived. 
In a brief answer, Mr. P. T. Hobson said that in 
most cases the analyses of the steels used were 
available. From the production poiat of view, it 
was finally stipulated that the chromium and nickel 
contents should be within + 1 per cent. of a standard 
figure and that the carbon should be maintained 
between 0-08 and 0-12 per cent. 


HaARDENABILITY AND ISOTHERMAL TRANSFORMA- 
TION Data. 


** Inter-Relation of Hardenability and Isothermal 
Transformation Data,” by Mr. W. I. Pumphrey and 
Dr. F. W. Jones, was the last paper considered by 
the meeting. It represented work conducted at the 
Brown-Firth Research Laboratories, Sheffield, the 
authors stating that, in view of the widespread 
use of the isothermal transformation method for 
studying the breakdown of austenite, the relation 
of such data to the hardenability of steel, which 
from the practical point of view was of major 
importance, had been investigated. It had been 
suggested by previous research workers in this 
field that, during continuous cooling, the fractional 
nucleation times, namely, the time spent at a 
given temperature divided by the induction period 
at that temperature, were additive in any one 
transformation range, and that transformation 
began when the sum of such fractional nucleation 
times attained a value of unity. By an extension 
of this concept, continuous-cooling data had been 
calculated from the isothermal transformation 
diagram, and, in particular, the method had been 
employed to calculate the hardness along a Jominy 
bar. For the three steels considered, a hyper- 
eutectoid chromium-molybdenum steel and two 
hypoeutectoid nickel steels, the hardenability 
curves calculated in this way had been found to be 
in reasonable agreement with those determined 
experimentally. 

The discussion was opened by Dr. L. B. Pfeil, 
who stated that he looked forward to the possibility 
of being able to take an “ S ” curve and, with its aid, 
develop something much more nearly approaching a 
quantitative picture: of what went on when the 
steel was being quenched. The last speaker, Mr. 
E. H. Bucknall, stated that the authors’ conclusion 
that there was a close correlation between isothermal 
and continuous cooling phenomena supported those 
of earlier workers, such as Griffiths, Pfeil, and Allen, 
who had drawn attention to the connection between 
the isothermal transformation velocity of steels in 
the intermediate range and their structure when 
oil-quenched in a given section. 

The authors having intimated that they would 
reply in writing, the President thanked the authors 
of all the papers for their contributions and ter- 
minated the proceedings. 
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SUGGESTED APPLICATION 
OF THE HEAT PUMP TO 
SWIMMING BATHS. 


By F. G. Warts, M.Sc. (Eng.).* 


In a paper entitled “‘ Fuel and Power Economy 
with Special Reference to Heat Pumps,” read 
before the British Association at Brighton,} data 
were presented for the heating of a simple baths 
and assembly hall. Data now put forward for 
the more complex case of the King Alfred, Hove, 
Sussex, form a sequel to the paper mentioned, 
and are of special interest in view of the situation 
of this building adjacent to the sea. To assist the 
investigations, plans of the building were supplied 
by Mr. T. R. Humble, A.M.I.C.E., the Borough 
Engineer of Hove, and some of the operating data 
were provided by the Baths Manager, Mr. L. Kemp. 
The building is of modern construction with cavity- 
type brick walls, the flat roofs of the main building 
being covered with 1-in. thickness of cork and 
asphalte. It has a total volume of 1,900,000 cub. ft., 
and contains two sea-water swimming pools, a 
restaurant, slipper baths and dressing rooms, to- 
gether with an underground car park and bowling 
rink. Heating is provided by four coke-fired 
boilers, each having a capacity of 2,000,000 B.Th.U. 
per hour. These boilers supply the primary hot 
water to a number of calorifiers, which, in turn, 
supply the water for the panel heating of the main 
building, the water for the slipper baths, the water 
for the swimming pools, and all other services 
requiring hot water, with the exception of the 
underground car park and bowling rink, which are 
heated directly from the main boilers. 

Hot water at 110 deg. F. is supplied to the panel- 
heating units, and is required for the slipper baths, 
while the swimming pools are maintained at 75 deg. 
F. These temperatures are very suitable for heat- 
pump operation: in addition, the building is 
adjacent to the sea, which is an excellent source of 
low-temperature heat. In these circumstances, as 
was shown in the paper above referred to, perform- 
ance energy ratios$ of 3-5 and 6 to 1, respectively, 
may be assumed with confidence. Heating for the 
car park and bowling rink, however, is obtained 
from water at 170 deg. F., and this temperature is 
considerably above the economic limit for heat 
pumps, so that the heating units in this part of the 
building would require replacement. 

In assessing the necessary capacity of a heating 
plant, it is common to assume that an internal 
temperature of 60 deg. F. must be maintained, with 
one air change per hour, ‘when the outside atmo- 
sphere is at a temperature of 30 deg. F. This 
temperature, while adequate for the car park 
and bowling rink, is obviously too low for a baths 
building. The temperature actually maintained in 
the baths building is 68 deg. F., and the plant capa- 
city calculated for the whole building is based on 
the maintenance of this temperature in the baths 
building, with 60 deg. F. in the underground car park 
and bowling rink. Under these conditions it is 
estimated that a plant capable of delivering 3,000,000 
B.Th.U. per hour is necessary to heat the building. 

During the winter period the baths building is 
open for 9} hours a day, while the car park is open 
for a rather longer period. Assuming that the 
temperature is allowed to fall to 50 deg. F. during 
the closed period, and that the mean temperature 
of the ‘outside atmosphere through the winter 
months is 42-6 deg. F.,§ the average winter load 
on the building heating plant is 157,000,000 B.Th.U. 
a week. The present fuel consumption during the 
winter months is at the rate of 15} tons of coke a 
week, of which 10 tons are used for heating the 
building. If this coke has a calorific value of 
12,000 B.Th.U. per lb., then the heating efficiency 
of the plant is just above 58 per cent. This value 
is high, but it is not impossible if the plant is 
carefully controlled and maintained. 





* King’s College, London. 
+ Davies and Watts. See pages 285 and 309, ante. 
Heat delivered at upper temperature 
omrraeamare Mechanical work supplied. 
§ From data compiled by Ideal Boilers and Radiators, 
Limited. 








As mentioned earlier, the building contains two 
swimming pools, known as the majer and minor 
pools, Normally, during the winter months, the 
major pool is drained and floored over, the hall then 
being available for dances and. meetings. The 
minor pool, however, of 60,000 gallons capacity, is 
in use’ throughout the year. Tests have shown 
that, with the pool heating system out of action, the 
pool temperature drops about 2} deg. F. in 24 hours 
during the winter, from which the rate of heat loss 
from the pool may be determined. In addition, 
it is known that approximately 10,000 gallons of 
water are used weekly for washing down the filters, 
and that an additional 50,000 gallons of water are 
needed weekly for make-up. Taking an average 
intake temperature for the sea water of 49 deg. F.* 
through the winter months, this imposes a load of 
26,000,000 B.Th.U. a week on the pool heating 


building, the minor pool, and the slipper-bath water, 
has a total capacity of 6,000,000 B.Th.U. per hour, 
without any stand-by plant. In this respect it is 
interesting to note that during the winter months 
three boilers, having a total capacity of 6,000,000 
B.Th.U. per hour, prove adequate for all demands. 

There can be no doubt that the temperature drop 
of the minor pool, when left unheated, does not 
wholly represent a loss of heat, owing to the heat 
that the pool gives to the building. The quantity 
of heat given up in this way, however, is very 
difficult to assess when full consideration is given 
to the path of the water during filtration and 
sterilisation. If this quantity is ignored, the 
error caused is relatively small and, in any event, 
is to the benefit of the apparent efficiency of the 
coke-fired boilers, and would be to the disadvantage 
of a heat-pump installation. 
































plant. It is estimated that an average of about| For comparison, the following three cases have 
TABLE I.—FUEL CONSUMPTION RATES PER WEEK, AND OVERALL EFFICIENCIES (WINTER). 
| i 
Winter Fuel Heat delivered 
Installation. | Duty. Capacity of Plant. | Consumption. “Heat in Fuel 
' | Tons per Week. Consumed. 
| Coke. 
(a) | Heating building -. ++] 8x 108 B.Th.U. per hour 10 0-58 
| Heating minor pool .. ..| 2x10 p P “a 2 0-48 
| Heating slipper-bath water ..| 1x10® ie a i 3-5 0-60 
Total ee i a 15-5 0-58 
average 
| Coal. 
(b) Heating building we $37 h.p. .. 6-2 0-87 
| Heating minor pool .. 131 ,, 0-6 1-50 
Heating slipper-bath water 112 ,, } 2-2 0-87 
} Total 580 ,, | 9-0 0-92 
| average 
Oil. 
(c) Heating building : 236 h.p. 2-52 1-54 
Heating minor pool .. --| 106,, oa 0-29 2-32 
Heating slipper-bath water ..| 79 ,, -+| 0-91 1-54 
me «ws a! ae ae ..| 3-72 1-58 
| average 
| 








TABLE II.—FvEL CONSUMPTION RATES PER WEEK AND OVERALL EFFICIENCIES (SUMMER). 


























| | Summer Fuel Heat Delivered 
Installation. | Duty. Capacity of Plant. Consumption. “Fleat in Fuel 

| Tons per Week. Consumed. 

| 

Coke. 

(a) Heating pools .. ae 3x10° B.Th.U. per hour - 3-67 0-60 
| Heating slipper-bath water 110° ea - “A 4-23 0-60 

Total 4x10 ss, je 7-9 | 0-60 
average 

(b) | Heating pools .. és ot BFGS. .: 1-35 1-50 
} Heating slipper-bath water ..| 112 ,, .. 2-68 0-87 
Total re x 4-03 1-08 
} average 
Oil. 

(ec) Heating pools .. aa ae Ul 0-63 2-32 
Heating slipper-bath water .. 7 1-08 1-54 
apm gs wi 1-72 1-83 
| average 











two tons of coke are used weekly in heating the 
minor pool. On this basis, the heating efficiency 
is just above 47 per cent., which may be regarded 
as satisfactory. This efficiency is lower than that 
calculated for the heating of the building, but this 
is to be expected, since the pool heating is inter- 
mittent. A heater unit having a capacity of 
2,000,000 B.Th.U. per hour should be adequate 
for this duty, with a comfortable safety margin. 

The heating of the building and the minor pool 
thus account for about 12 tons of coke per week, 
leaving 34 tons of coke to supply the hot water for 
the slipper baths and other services in the building. 
Assuming the generous value of 60 per cent. for 
the efficiency of combustion of this fuel, the heat 
available per week is 56,500,000 B.Th.U. This 
heat is required during 9} hours a day, so that the 
hourly rate is just under 1,000,000 B.Th.U. A 
plant capacity of 1,000,000 B.Th.U. per hour should 
be sufficient for this service, if adequate heat 
storage is provided. 

Thus the plant required in winter for heating the 


* “ Salinity and Temperature of the English Channel,” 
by J. R. Lumby. Atlas of Charts. Fisheries Investi- 
gations Series II, Vol. XIV, No. 3, 1935. Published by 
H.M. Stationery Office. 





been worked out. (a) As at present operated, using 
boilers burning coke of calorific value 12,000 B.Th.U. 
per lb. (6) Using heat pumps, electrically driven, 
with power supplied from a central station, burning 
coal of calorific value 13,000 B.Th.U. per lb. An 
overall generating efficiency of 25 per cent. is 
assumed, and the heat pumps, according to the 
arguments used in the earlier paper, are estimated 
to have a performance energy ratio of 3-5 or 6 to 1, 
according to the temperature range. (c) Using 
heat pumps, driven by oil engines, of brake thermal 
efficiency 31 per cent., burning oil of calorific value 
18,000 B.Th.U. per lb., with recovery of 46 per cent. 
of the heat available in the fuel from the waste 
heat of the engines. The performance energy 
ratios of the heat pumps are the same as in case (b). 

During the summer, when the building is not 
heated, but the major pool is brought into use as 
well as the minor pool, the fuel consumption rate 
is 7-9 tons of coke per week. If a combustion 
efficiency of 60 per cent. is assumed for this, the heat 
available from the fuel is 127,000,000 B.Th.U. per 
week. The combined capacity of the two pools is 
246,000 gallons, and the total intake of fresh sea 
water per week is 130,000 gallons. The temperature 
of the two pools falls approximately 2 deg. F. in 
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24 hours during the summer, if the pool heating 
system is out of action; the mean temperature of 
the incoming sea water, according to the authority 
quoted earlier, is 56 deg. F. Under these conditions, 
the total pool load per week is 59,000,000 B.Th.U., 
so that 68,000,000 B.Th.U. per week are available 
for heating the slipper-bath water. 

Fuel consumption rates, per week, during the win- 
ter and summer, have been calculated for the three 
installations mentioned above, and are givenin Tables 
I and II, respectively, on the opposite page. From 
the data given it is possible to calculate the annual 
consumption of fuel, and the overall efficiency of heat 
utilisation, it having been assumed that winter con- 
ditions prevail for 24 weeks. The results are given 
in Table III. Examination of the figures shows that 


TABLE III.—Fuel Consumptions per Annum, and Overall 














Efficiencies. 
Annual Fuel Heat delivered 
a Consumption, Tons. | Heat in fuel consumed. 
(a) 593 coke 0-59 
(b) 329 coal 0-97 
137-5 oil 1-68 


(e) | 





whether the heat pumps are driven electrically, 
case (b), or are driven by oil engines, case (c), consid- 
erable economies are obtained in fuel consumption 
in comparison with direct heating by coke-fired 
boilers, case (a2). The most attractive arrangement 
is obviously that of case (c), in which the efficiency 
of combustion is 2-85 times that of (a), while the 
fuel consumption is correspondingly reduced. In 
addition, with the heat pumps, driven by oil engines, 
case (c), a fair proportion of the heat is obtained 
from the waste heat of the engines. Such heat 
could be used to supply water at temperatures 
above the economic heat pump range, if needed for 
any special purpose; this cannot be done if the 
heat pumps are driven by electric motors. These 
annual consumptions do not show such favourable 
results as those for the smaller building discussed 
in the earlier paper, which correspond to a present 
annual consumption of 90 tons of coke as in ease (a), 
compared with 39 tons of coal at the central station, 
as in case (6), and 17 tons of fuel oil, as in case (c). 
This difference follows from the different loading 
in the two cases, since the minor pool at the King 
Alfred is in use throughout the year. Nevertheless, 
these figures, in view of the present fuel shortage, 
merit careful consideration, especially when the 
cleanliness and ease of handling of oil fuel is 
considered. 





INSTITUTION OF MECHANICAL ENGINEERS.—The Thomas 
Lowe Gray Lecture, on ‘“‘ Marine Engineering in the 
Royal Navy,’’ will be delivered by Engineer Vice-Admiral 
Sir John Kingcome, K.C.B., before the Institution of 
Mechanical Engineers at 6 p.m. on January 24, 1949. 





* ARIC” COMPENSATED 
TEMPERATURE INDICATOR. 


ComPENSATION for changes in the ambient tem 
ture is necessary in all thermometers which emp 
bulb and scale. In the ordinary glass patterns this 
compensation is easily effected by marking off the 
scale or tube, while the instrument is immersed up to 
the height of the fluid in a test bath. In air tempera- 
ture thermometers, too, the marking off can be carried 
out when the whole.instrument is at the same tem- 
perature. When, however, the bulb of the thermo- 
meter is connected to the indicating head by a semi- 
flexible copper, cupro-nickel or steel tube of some 
length, as in remote reading instruments, compensation 
is more difficult and inaccuracies may easily occur, 
unless precautions are taken. Instruments of this type 
consist essentially of three parts: a bulb or sealed 
vessel of liquid, which is subjected to the temperature 
to be measured ; a connecting tube and a mechanism 
for measuring the change of volume of the liquid in the 
bulb, which occurs as the result of a change in tempera- 
ture. Such arrangements, which are extensively em- 
ployed, suffer from the major disability that changes 
in the ambient temperature cause the liquid to expand 
or contract not only in the bulb, but ia the con- 
necting tube and indicating head. Moreover, as this 
expansion or contraction varies with the atmospheric 
conditions, it cannot be taken iato account in cali- 
brating the dial. 

The new indicating liquid-expansion thermometer, 
which is being manufactured by the Accurate Recording 
Instrument pany, Aric Works, Garth-road, Lower 
Morden, Surrey, is intended to overcome this difficulty, 
This instrument has been specially designed for con- 
trolling the temperature of large electrical transformers, 
and has been approved by the British Electricity 
Authority for that purpose. As will be seen from the 
diagram reproduced in Fig. 1, the bulb @ is similar 
to that of an ordinary remote-reading thermometer, 
and is connected to the head in the usual way by a 
tube 6. A second tube c running parallel and close to 
the first is, however, provided, the two tubes being 
connected in the head to the flexible metallic bellows 
d and e, respectively. Both bellows are of the same 
size and volumetric capacity, and the tubes are also 
of the same bore and length. Neglecting the bulb, 
the twin systems are, therefore, alike; and each 
contains the same amount of liquid. It should be 
pointed out that the dial illustrated in Fig. 1 is the 
standard pattern, which is provided with a central zero 
and is calibrated from — 80 to + 80deg.C. In the case 
of the instrument used on transformers, the range is 
from 0 deg. to 120 deg. C. without a central zero. 

When a change in temperature causes the fluid with 


which the system. is filled to expand or contract, both | regula’ 


bellows also expand or contract by the same amount 
and thus accommodate the alterations in volume. 
As will be seen from. Fig. 1 and from Fig. 2, which 
illustrates the interior of the instrument with the dial 
removed, both bellows are mounted vertically side by 
side and the lower ends of each are connected to one 
of a pair of toothed quadrants f, which engage with 
each other. As will also be seen, these quadrants are 
atranged so that they move upwards or downwards 





together. When an increase in the ambient tempera- 





ture causes the fluid in the system to expand both 
bellows also expand by the same amount and, as the 
compensating bellows ¢ is anchored at the top, the 
result is that the quadrant to which it is connected is 
depressed. As, however, the two quadrants are in 
engagement, the actuating bellows d is also depressed 
by the same amount, so that any movement of its upper 
end that has occurred, owing to the expansion of the 
fluid, is cancelled. Similarly, when the ambient 
temperature falls, both bellows contract and the 
quadrants move in the opposite direction, there again 
being no movement at the actuating end of the 
bellows d. 

As will further be seen from Fig. 1, the upper end 
of the actuating bellows d is connected through a rack 
and pinion g to the indicating pointer | h, so that the 
latter is also unaffected by any change in the ambient 
air temperature. When, however, the bulb is subjected 
to a rise in temperature the volume of the fluid in it 
increases and this increase causes the bellows d to 
move upwards, since it is prevented from moving 
downwards by the quadrant f. This upward move- 
ment is, in turn, communicated through the rack and 
pinion g to the pointer h, and enables the temperature 
to be indicated on a 6-in. dial, which is calibrated in 
degrees over a 270-deg. arc. Owing to the fact that 
the pressure is the same on each line, the instrument is 
therefore compensated for any difference in height 
between the bulb and the head. 

Another interesting point is that as the fluid in the 
system is practically incompressible, the bellows expand 
regularly, the force exerted being constant until tem- 
perature equilibrium has been reached between the 
bulb and the surrounding medium. Moreover, sufficient 
power is available to operate one or more 250-volt 
10-ampere mercury switches without objectionable 
detent error. These switches are installed in the 
upper part of the case, as shown at ¢ in Fig. 1 and in 


ra- | Fig. 2, and are operated from the actuating bellows d 
a | through the linkage k. On this particular thermometer 


they are employed to close alarm and cooler circuits 
if the temperature of the transformer exceeds a certain 
value and are readily adjusted so that they will be 
operated at any temperature between 50 deg. and 
110 deg. C. In practice, the switch controlling the 
cooling-plant motors is usually set at 70 deg. C. and 
that controlling the alarm and trip devices at 80 deg. C. 
The standard instrument has a range from 10 deg. to 
120 deg. C. and is provided with a maximum pointer. 
It is enclosed in a rectangular cast-aluminium case, 
which is made watertight so that it can be used out-of- 
doors. 

It is claimed for this thermometer that the tem- 
perature indications depend upon the natural expansion 
of a staple fluid rather than on springs or other mech- 
anical devices. The liquid with which the system is 
filled is non-corrosive and is free from air and vapour. 
The only pressure within the system is caused by 
the small load on the pointer mechanism and, as the 
instrument depends on a physical constant, its calibra- 
tion cannot change. As the mechanism and bellows, 
are “‘locked”’ by the external atmospheric pressure 
the pointer will not move when the instrument is 
subjected to vibration or shock. 





VOLTAGE REFERENCE TUBE FOR 
ELECTRONIC CIRCUITS. 


A TuBE recently introduced by Mullard Electronic 
Products, Limited, Oentury House, Shaftesbury- 
avenue, London, W.C.2, has been designed to meet the 
need for a compact and stable source of voltage reference, 
which can be used directly in electronic circuits. In 
appearance, this tube resembles a normal neon gas 
discharge tube and is built on a loctal-type base, which 
enables it to be located firmly in its socket. It is 
80 mm. long with an overall diameter of 32 mm., its 
seated height being 65 mm. The ignition voltage 
of the tube is 125 volts and the normal operating voltage 
85 volts. After an initial ageing period, the short- 
term stability is better than 0-1 per cent. over a 
maximum of 100 hours and better than 0-2 per cent. 
over a period of 1,000 hours. This stability is achieved 
by a new manufacturing process which also ensures a 
high consistency in characteristics, so that one tube 
may be replaced by another without difficulty. The 
a er tn coefficient is less than — 3 millivolts 
per deg. C., so that compensation is unnecessary in the 
majority of applications. The tube operates as a 
tor over a current range of 1 to 8 milliamperes, 
but to give the best performance as a source of voltage 
reference, it is recommended that a current of 4-5 
milliamperes should be used. In addition to its 
use as a source of reference voltage, the tube can also 
be employed as a reference against which to a ame 
or fix the level of almost any mee quantit; ape 
be converted into an electromotive force. iam oo 

a regulating stabiliser is particularly recommended 
when abnormally high stabi ity is required or special 
freedom from flicker is necessary. 
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LABOUR NOTES. 


CuanceEs in the rates of wages reported to the 
Ministry of Labour and National Service as coming into 
force in the United Kingdom during October resulted in 
a total increase of some 496,000I. in the weekly full-time 
wages of about 2,150,000 employees. Approximately 
110,000 workpeople, mainly those engaged in the boot 
and shoe, and carpet-making industries, had their 
wages decreased by small sums, amounting to a total 
of 15,0001.. weekly,. due to agreements under which 
their wages fluctuate in accordance with movements 
in the index of retail prices; the average weekly 
decrease being slightly under 2s. 9d. a head. The 
principal increases during the month affected employees 
in the engineering and allied industries, in which the 
national bonus paid to men received an addition of 5s. 
weekly with proportionate increases for apprentices, 
women and juveniles. Also, in this industry, the basic 
weekly rates of skilled craftsmen, in districts in which 
these were less than 66s., and of unskilled craftsmen, 
in districts in which they were less than 5ls., were 
raised to these amounts. 





Of the total weekly increase of 496,000/., approxi- 
mately 463,0001. resulted from direct negotiations 
between employers and workpeople ; about 9,000/. was 
the result of arbitration awards; some 21,000/. was 
due to Orders made under the Wages Councils Act and 
the Catering Wages Act; and the remaining 3,000/. 
arose from arrangements made by Joint Industrial 
Councils and similar bodies. During the ten months 
ending October 31, some 7,084,000 workpeople in all 
received increases estimated by the Ministry of Labour 
to total 1,724,000. net weekly, representing an average 
of approximately 5s. each. Increases which have 
benefited about. 6,000,000 persons have been granted 
since February, when the Government announced its 
wage-restraining policy in the White Paper on “ In- 
comes, Costs and Prices.” 





During the first ten months of the year, some 
2,338,500 persons engaged in the metal, engineering 
and shipbuilding group of industries have received 
increases totalling 581,400/. net weekly and about 
1,059,500 employees in the building and civil-engineer- 
ing group have benefited to the extent of 90,7001. net 
weekly. Other industrial groups which have obtained 
substantial net increases during the period are: mining 
and quarrying, in which 64,500 workpeople received 
26,800/.; gas, water and electricity supply, in which 
240,500 persons gained 64,3001.; transport, in which 
782,000 employees received 191,500/.; and the dis- 
tributive trades, in which 235,000 workpeople shared 
55,0001. In the paper and printing group, 220,000 
persons received increases totalling 88,3007. net weekly, 
an average of 8s. each. 





A statement issued by the National Federated Elec- 
trical Association on December 4 announced that the 
National Arbitration Tribunal had made an award of 
an extra Id. an hour to some 25,000 journeymen elec- 
tricians engaged in the electrical contracting industry. 
The wages of mates and apprentices in the industry, 
which are based on percentages of the journeymen’s 
rates, will be increased proportionately. The new rates 
will be 3s. 2d. an hour in London, 2s. 114d. an hour in 
the Merseyside area, and 2s. 10$d. an hour elsewhere. 
In all, over 40,000 electrical employees are expected to 
benefit from the tribunal’s award. 





Mr. George Isaacs, the Minister of Labour and 
National Service, announced on Monday that he had 
decided to extend the validity of the Control of Engage- 
ment Order, 1947, for a further period of twelve months, 
until January 1, 1950. The Order would otherwise 
have ceased to have effect as from January 1, next. 
It may be recalled that the National Joint Advisory 
Council, which is representative of both employers and 
trade unions, agreed unanimously at its meeting in 
London, on October 27, that this Order should be 
renewed until the end of next year. The it Order 
has been in operation since October 6, 1947, and super- 
seded other Orders of a similar character which had 
been introduced between 1945 and 1947. 





The object of the Order is to stimulate the flow of 
newcomers into the essential industries, and it provides 
that the eee for employment of men between 
18 and 50, inclusive, and of women between 18 and 40, 
inclusive, and advertising by employers to engage such 
persons, shall be made through offices of the Ministry 
or through approved employment agencies. A number 
of employments, including coal-mining, dockwork, 
agriculture and service in the Merchant Navy are 
excepted on the ground that they are essential indus- 
tries. Persons employed in the women’s Services, on 


part-time or unremunerated work, or engaged in a 
managerial, professional, administrative or executive 
capacity, are exempted. A number of other persons 
are also excepted, the most important categories being 
persons in casual employment, and women having their 
own children, under 15 years of age, living with them. 





For the first time in four months, the overall figure 
of the Ministry of Labour index of rates of wages rose 
by one point during October to the new high level of 
107, compared with 100 on June 30, 1947, when the 
index was commenced. For men only, the index 
figure rose during the month from 106 to 107; and, 
for women only, from 108 to 109. For juveniles only, 
the index remained stationary, at 109, for the third 
month in succession. 





A decrease of 4,228 in the number of civilian em- 
ployees of Government departments occurred during 
the three months ending on October 1, according to a 
quarterly return issued by the Treasury on December 1. 
The total staffs employed numbered 715,282 on July 1 
and fell to 711,054 on October 1. The staff of the Post 
Office increased from 247,214 to 248,245 during the 
three months, an addition of 1,031. The civilian 
employees of the Admiralty, War Office and Air 
Ministry, on October 1, numbered 30,761, 35,491, and 
25,094, respectively. At that date, there were also 
20,538 non-industrial civil servants, belonging to the 
Ministry of Supply, engaged on defence work, and a 
further 634 persons were employed on similar work in 
other Ministries, making a total of 112,518 civilian 
employees in the defence group of Government depart- 
ments, a loss of 35 since July 1, when the total was 
112,553. 





The total staffs employed in all the remaining 
Government departments combined, including the 
trade, industry and transport group of Ministries, the 
Home and Foreign Offices, the social-service Ministries, 
and the legal and revenue departments, declined from 
355,515 on July 1 to 350,291 on October 1, a fall of 
5,224. The staffs employed by the Ministries of Civil 
Aviation, Fuel and Power, Supply, and Transport, 
showed singularly little change in numbers during the 
three months and totalled 5,754, 7,035, 13,692, and 
8,103, respectively, on October 1. The staff of the 
Department of Scientific and Industrial Research 
increased by 20 during the period to a total of 2,358 
on October 1; while that of the Board of Trade 
declined by 472 to 13,663. The nuniber of employees 
of the Ministry of Labour fell from 36,166 on July 1, 
to 33,473 on October 1, a decrease of 2,693; but those 
of the Ministry of National Insurance increased from 
33,885 to 39,611, an addition of 5.726. 





The accounts of the National Coal Board for the third 
quarter of the current year, issued on Monday, disclose 
a net loss of 372,943. after payment to the Treasury 
of 3,850,000/. in of interest and interim income 
due as compensation to the former owners. The gross 
colliery and ancillary profits, including income from 
investments and royalties from licensed mines, is given 
as 3,677,0571., from which 200,000/. was deducted as 
provision for the payment to former colliery employees 
for loss of office. After aay the net loss for the 
third quarter from the net profits for the first and 
second quarters, there remains a net surplus for the 
first nine months of this year, amounting to 1,131,0391. 
The Board explain, in their covering announcements, 
that output, costs and receipts have all been affected 
by the holiday periods which occur in the third quarter 
of the year and that they have had to pay arrears of 
wages to coke-oven employees, whose increases had 
been made retrospective. 





Coal Board divisions which made production profits 
during the quarter were: East Midlands, 3,508,7401. ; 
North-Eastern, 1,394,1591.; West Midlands, 927,5991. ; 
| Scottish, 563,989/.; and Western, 12,802/. The divi- 
sions which incurred losses on production were: 
Northern, 1,777.2091.; South-Western, 1,102,119/. ; 
and South-Eastern, 110,904/. The total output of 
saleable coal for all divisions for the quarter was 
45,834,404 tons, compared with 49,375,870 tons for 
the ing quarter, a fall of 3,541,466 tons. Total 
costs per ton produced rose 4 7-9d. to 21. 6s. 2-2d., 
and the proceeds by 6-2d. to 2/. 7s. 8-1d. The average 
weekly earnings of all wage-earners (including juveniles) 
fell from 8l. 154. Id. to 81. 48. 9d. for underground 
miners, and from 61. lls. ld. to 61. 9s. 3d. for surface 
employees. Since January 1, 1947, when the Board 

over, the pithead price of coal has been increased 
by 6s. 6d. a ton on coal for home consumption, and 
by 29s. a ton on export coal. The number of wage- 
earners on colliery books has increased during the same 








period from 692,200 to 724,000, a difference of 31,800. 


THE ADHESION OF TIN-BASE 
BEARING ALLOYS.* 


By P. G. Forrester, M.Sc., A.I.M., and 
L. T. GREENFIELD, M.Sc., A.I.M. 


THe adhesion of a bearing alloy to the backing 
material is an important factor in determining its 
behaviour in service. The strength of the bond depends 
on its physical continuity, which is determined largely 
by the tinning and: lining procedures employed ;_pre- 
vious work has shown the importance of these factors 
and indicated the principles of good lining and tinning 
technique.t The properties of the bond are also 
dependent on its metallurgical character, which is 
determined by the composition and properties of the 
backing material and the bearing alloy, and by the 
nature and extent of interaction between them. In a 
previous paper,} the authors have shown that the 
composition of the white metal has a considerable 
effect on its adhesion to mild steel. In particular, 
alloys of high copper content tend to form at the bond 
a layer of Cu,Sng which has a marked embrittling 
effect. 

The experiments described in the present paper had 
as their principal object the investigation of the 
influence of the basic material on the strength and 
metallurgical character of the bond. The basis ma- 
terials studied were steels, cast irons, copper, bronzes, 
aluminium, and an aluminium alloy. 

In this, as in the previous work, specimens for 
adhesion testing have been prepared by methods 
similar to those used in lining bearings in practice. The 
only significant departure has been to use, for static- 
lining tests, flat plates in place of half-shells; this has 
been shown to have little effect on the strength or 
nature of the bond. In static-lining experiments, the 
method used was essentially the same as that pre- 
viously described. The backing materials were 
obtained in the form of flat plates, 3 in. by 2 in. by } in., 
which were pre-tinned by a suitable method, which 
differed, of course, from one type of material to another. 
The tinned plates were reheated to 280 deg. C. by 
re-dipping in the tin pot and clamped in a vertical 
lining jig, pre-heated to 320 deg. C. The white metal 
was poured at a temperature 50 deg. C. above its 
liquidus (unless otherwise stated), and the whole was 
then quenched from the bottom by water. The lining 
thickness was 0-25 in. 

For centrifugal-lining experiments (which were 
confined to mild steel), cylinders of internal diameter 
2 in., thickness } in., and length 2 in., were pre-tinned, 
immediately clamped in a suitable jig (pre-heated), and 
spun at various speeds. Sufficient white metal was 
poured in to give the correct lining thickness, and 
spinning was continued until the lining was completely 
solid. The white metals used in the majority of the 
experiments were of nominal composition: anti- 
mony 7, copper 3} per cent., or antimony 7, copper 
7 per cent. (referred to later as 7Sb/34Cu and 7Sb/7Cu, 
respectively). Analyses showed close agreement with 
the nominal composition. For the investigation of the 
effect of steel composition a third alloy (antimony 
7-68, copper 3-45 per cent.) was used. 

The principal method of adhesion-testing used was 
that described by Chalmers, in which an annular area 
of bond is isolated by drilling through the white metal 
with a trepanning drill and drilling a co-axial hole in 
the backing with a flat-ended drill. The plug of white 
metal is then forced off the backing im a compression 
rig. In this test there is a stress concentration at the 
inner edge of the annulus. On account of this stress 
concentration, a brittle bond may give a low value 
in the Chalmers test, even though its resistance to 
uniform static load is normal. To distinguish between 
a bond which is brittle and one which is weak (for ex- 
ample, on account of discontinuities), it is necessary to 
supplement the Chalmers test by a test in which a 
reasonably uniform load is applied. In some cases, 
therefore, a shear test was used. The method, 
which has been described previously, consists of taking 
a section of a lined plate about 2 in. long and } in. 
wide, isolating a short length of the bond by saw 
cuts through white metal and backing, and pulling this 
in a tensile-testing machine. 

A slight tendency to brittleness is not always shown 
up by the Chalmers test. we @ number of 

imens were subjected to a chisel test, similar to 
that widely used in practice. The backing material 
was held in a vice and a chisel apglied to the bond and 
hammered. The force required to separate the white 
metal ffom the backing, and the appearance of the 


* Communication from the Tin Research Institute» 
entitled ‘‘ Further Experiments on the Adhesion of 
Tin-Base Bearing Alloys,” presented to the Institute of 
Metals, London. Abridged. 

t See Jl. Inst. Metals, vol. 68, pages 217, 230 (1942) > 
and ENGINEERING, vol. 164, page 189 (1947). 








¢ Jl. Inst. Metals, vol. 73.(2), page 91 (1946). 
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Fie. 4. Bronze, Staticatty LINED at 
380 pec. C. x 500. 


fracture, give a rough indication of the toughness of 
the bond. At least eight Chalmers tests were carried 
out for each set of conditions, and results were nor- 
mally very consistent. 

F. N. Rhines, in America, has shown that diffusion 
at an interface between two pure, metals at constant 
temperature and pressure results in the formation of 
intermediate layers corresponding, in kind and order 
of occurrence, to the single-phase regions in the phase 
ps at that temperature. The bond between tin 
and iron should, therefore, consist of @ (iron-base 
solid solution)-FeSn-FeSn,-tin. In practice, however, 
pe | FeSn, is visible at the bond of hot-dipped tinplate 
and, in the authors’ experience, the same holds for tin 
alloys bonded to steel. FeSn, is brittle and constitutes 
a potential source of weakness, but under normal 
tinning and lining conditions the FeSn, layer is thin 
and does not cause a brittle bond. Prolonged tinning 
at high temperature does embrittle the bond. (See 
Table I.) 

The adhesion obtained by static lining was investi- 
gated for six different steels, with carbon contents 
ranging from 0-17 per cent. to 0-38 per cent., nickel 
up to 0-28 cent., and chromium up to 0-27 per cent. 
This part of the research was carried out in co-operation 
with the Admiralty Engineering Laboratory, who 
supplied the steels and the white metal (antimony 
7-68 per cent., copper 3-45 per cent.). Plates cut 
from these steels were degreased, pickled in cold 50-per 
cent. hydrochloric acid for three minutes, fluxed, tinned 





at 280 deg. C., and lined in the standard manner. The 


Fic. 5. Bronze, Staticatty LINED AT 
330 pra. C. x 500. 


results of adhesion tests made by the Chalmers method 
are shown in Table II. There is no significant difference 
between these adhesion values, and it appears safe to 
conclude that nickel and chromium, in amounts likely 
to be present as residual elements, have no significant 
effect on adhesion. This conclusion is in conformity 
with the results obtained in 1942 by Prytherch, who 
found similar adhesion figures for mild steel, medium- 


TABLE I, 





| Average Bond 
Time of Tinning. — Stre 


ngt , 
Tons per sq. in. 





280 
380 
280 
380 
380 
450 


15 sec, 
15 sec. 
5 min. 
5 min. 
60 min. 
60 min. 








carbon steel, silver steel, and nickel steel, though in 
the latter case a modified pickling technique was 
required for maximum adhesion. 

Centrifugal casting of tin-base bearing alloys causes 
segregation of the intermetallic compounds Cu,Sn, and 
SbSn. The Cu,Sn,;, which is denser than the liquid 
matrix, ates towards the bond, while the SbSn, 
which is lightly less dense, segregates towards the 
inner 5 . This effect is illustrated in Fig. 1, on 
this page, which shows a microphotograph of 12Sb/3}Cu 








STEEL, CENTRIFUGALLY LINED 
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cast centrifugally into a pre-tinned steel shell at a 
speed of rotation equivalent to 1,000 ft. per minute. 
If, as is customary in practice, the inner layers are 
machined off, the metal left is considerably richer in 
copper and slightly poorer in antimony than the 
original alloy. The depth of the copper-rich layer 
depends on the initial copper content; this may be 
seen by comparing Fig. 1 and Fig. 2, which show, 
respectively, 12Sb/3}Cu and 7Sb/7Cu cast under 
similar conditions. 


TABLE II. 





Bond 
Strength, 
Tons per 

sq. in. 
(Average 
24 Tests). 


Steel Composition, 
per cent. 





Ss. | P. | = Cr. | Mo. 





Nil | 0-02 | 0-01 
0-26 | 0-26 | 0-01 
Nil |0-01/ Nil 
0-27) 0-26) Nil 
Nil | 0-02 | 0-01 
0-28 ies aie 








There are, therefore, two ways of obtaining a lining 
of composition, say, antimony 7 per cent., copper 7 per 
cent. One is to cast by ordinary static methods an 
alloy of this initial composition. The second is to cast 
centrifugally an alloy of initial composition about 
antimony 8 per cent., copper 3$ per cent. It has been 
shown that the first method tends to give a brittle 
bond, resulting from the precipitation of Cu,Sn;. The 
present experiments were carried out to determine 
whether the second method (centrifugal lining) also 
gave a brittle bond. Two alloys 7Sb/3$Cu and 7Sb/7Cu 
were cast centrifugally on to the pre-tinned mild-steel 
cylinders at various speeds of rotation. Adhesion tests 
by the Chalmers method and also chisel tests were 
made on the lined shells. In addition, analyses were 
carried out on turni obtained (a) from a 0-02 in. 
layer at the inside, and (6) from a 0-02 in. layer at the 
bond. The results are shown in Table III, page 574. 

For comparison purposes the bond strength of the 
same two alloys statically lined are included in the 





574 








table. It will be seen that by centrifugal casting a 


a of copper content 7 per cent. to 11 per cent. can 
be obtained with a bond strength of 4-6 tons to 4-8 


tons per square inch. This compares very favourably | adh 


with that of a lining of copper content 7 per cent. 
obtained by static casting. Chisel tests showed tough 
bonds with all the centrifugal linings, though the bond of 
78b/7Cu statically lined was very brittle. Fig. 3 on 
page 573, shows a microphotograph of the bond obtained 
with 7Sb/34Cu, lined at 1,250 4. per minute. There 
is a high concentration of Cu,Sn, near the bond, but 
no evidence of the formation of a layer at the bond, 
as occurs in static lining. It is possible that the stirring 
action obtained in centrifugal casting causes Cu,Sn, 
crystals to form at random instead of on the nuclei 
present at the bond. Centrifugal casting thus affords 
a means of obtaining a lining of high copper content 
with a satisfactory bond strength. This is of consider- 
able practical significance, for in general the fatigue 
strength of tin-base alloys increases with increase of 
copper content. 


























TABLE III. 
Analysis, 
A Per cent. 
verage 
Rotation, |. Bond owe 
Alloy. * iStrength 
—— Tons per| Near Bond.| Free Face. 
- *8q. in 
Cu. Sb. | Cu. Sb. 
7Sb/3}Cu 735 4-8 6-7 | 6-5} 1-8] 7-2 
a 1,000 4-7 6-9] 6-1 1-8 7:3 
ae 1,250 4-6 8-3 6-2 1-8 7:5 
* 875 4-6 | 10-9] 5-8] 1:4] 7:5 
es Static lining 5-4 — _— _ _ 
(standard 
conditions) 
78b/7Cu 1,000 4-9 = ~e — _ 
pm Static lining 2-6 —_— _ _ —_ 
(standard 
conditions) 























With cast iron the use of ordinary pickling methods 
leads to very unsatisfactory tinning and very poor 
adhesion, owing to the formation of graphite sludge 
on the surface. Better adhesion can be obtained by 
electrodepositing a layer of pure iron on the cast-iron 
surface preparatory to tinning. A much more satis- 
factory preparation for cast iron is to immerse in 
fused salts before tinning. Cresswell* has described 
in detail two suitable fused-salt processes, one using 
zine chloride-sodium chloride eutectic, the other using 
the sodium nitrate-potassium nitrate eutectic. Cress- 
well has also given the results of some adhesion tests 
on cast iron tinned by this method and lined with 
white metal. The authors, in collaboration with Mr. 
Cresswell, carried out further tests to examine the 
influence of cast-iron composition and other factors 
on the bond strength. 

Both chloride and nitrate processes were investi- 
gated. The chloride process consists of mechanical 
cleaning, pre-heating to 300 deg. C., immersing in the 
chloride bath at 300 deg. to 350 deg. C., and normal 
hot tinning. This process exposes a clean iron surface, 
except where a graphite flake extends to the surface 
and causes a discontinuity. The nitrate process is 
more complicated, but does actually remove the gra- 
phite by oxidation. The steps are as follows: (1) 
mechanically clean and degrease; (2) pickle in 10 per 
cent. sulphuric acid at 85 deg. C.; (3) immerse in 
nitrate bath at 350 deg. to 400 deg. C.; (4) pickle in 
10 per cent. hydrofluoric acid to remove oxide film ; 
(5) flux and immerse in tin. 

Plates tinned by one or other of these processes 
were lined in the standard manner with 7Sb/3}$Cu. 
For comparison purposes other specimens were tinned, 
after electroplating with pure iron, and lined in the 
same manner. Results of adhesion tests are given in 
Table 1V. The Chalmers-test figures obtained after 
the nitrate-bath treatment, are of the order of half 
those obtained on steel, while the chloride bath gives 
lower figures. The shear test on grey cast iron also 
gave a value about half that obtained on steel. As 
noted earlier, this test is not sensitive to the type of 
weakness (brittleness) caused by intermetallic com- 
pounds, so it is probable that the weakness lies in 
actual discontinuities. Such discontinuities may be 
inevitable with a material so heterogeneous as cast 
iron. On chisel testing, the bond was always fractured 
by a moderate blow. This apparent brittleness, pre- 
viously reported by P. T. Holligan, is probably due to 
the notch effect of discontinuities. In considering the 
results, it should be borne in mind that lining after 
normal pickling methods results in practically no 
adhesion. The salt-bath treatments, especially the 
nitrate bath, give a bond which is weaker than is 
obtained with steel, but which is, in most cases, ade- 





* See Jl. I. and S. Inst., vol. 152, page 157 (1945) ; 
and ENGINEERING, vol. 161, pages 526 and 550 (1946). 
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iron. The composition of the cast iron, within the 
Tange examined, appears to have little influence on 
esion. 

For the tests to determine the adhesion to bronze 
of various compositions, plates for lining and adhesion 
testing were prepared from ingots. In addition, parts 
of two ingots were cold rolled to about 30 per cent. of 
their original thickness, with several intermediate 
anneals (necessitated by the low power of the rolls 
used). They were not annealed after the last rolling, 
so plates prepared from these rolled ingots were in the 
cold-worked state. All the plates were degreased, 
pickled in cold 25 per cent. nitric acid for 1 minute, 
fluxed, tinned at 280 deg. C. (except where otherwise 
stated), and lined under standard conditions with 
7Sb/3$Cu. Results of adhesion tests are shown in 
Table V. 

These results show that satisfactory adhesion, as 
measured by the Chalmers test, is obtainable on all 
these alloys. Cold working causes a slight reduction 
in the bond strength of the 14 per cent. tin alloy. 
Chisel tests, however, showed that the bond obtained 
was in every case somewhat brittle, a moderate blow 
completely detaching the lining from the plate. This 
brittleness is almost certainly due to the layer of 
Cu,Sn, formed by reaction between the tin and the 
bronze. This layer, shown in Fig. 4, on page 573, 
is very much thicker than the corresponding layer of 
FeSn, obtained with steel under similar tinning and 
lining conditions. In Fig. 4, the bronze was tinned at 


quate for the thick linings usually employed with cast 
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chisel cutting through the white-metal. Fig. 5, on 
page 573, is a microphotograph of this bond. Here 
again, the bronze has been heat-tinted and the white 
metal etched. It thus appears that with small shells 
of bronze an excellent bond can be obtained by keeping 
times and temperatures of tinning and lining to the 
minimum ; it is recognised that difficulties are likely to 
arise with large shells, which cannot conveniently 
be tinned as rapidly as smaller ones and must neces- 
sarily be cooled more slowly. 

If the surface of an aluminium specimen is completely 
freed from its oxide skin, it is wetted quite readily 
by molten tin. Tin and aluminium, however, have 
very little mutual solid solubility and form no com- 
pounds, so that the bond between tin and aluminium 
consists of an interface between substantially pure 
metals which have a very dissimilar crystal structure. 
The strength of the bond obtainable between aluminium 
and tin alloys is therefore open to question on theoretical 
grounds. Accordingly, experiments were made to 
determine the bond strength obtainable in practice. 

Wet pickling methods are unsuitable as a preparation 
for aluminium before tinning, for even if the oxide film 
is removed it re-forms before the surface can be brought 
into contact with molten tin. In the present work 
three methods of tinning were tried, and are described 
below. The first method involved scratch-brushing 
while immersed in molten tin. The specimen was held 
under the surface of molten tin maintained at 280 deg. 
C. and scrubbed vigorously with a wire brush. No 
flux was used on the tin pot, and the aluminium was 

































































TABLE Iv. 
| Average Bond Strength, 
Composition, Tons per sq. in. 
Per cent. 
Type of 
Adhesion Test. Nitrate Chloride Electro- 
Bath Bath deposition 
Treat- Treat- with 
Total C. 8. ¥. | Mn. ment. ment. Iron. 
3-0 1-45 0-12 0-9 Chalmers test 2-5 1-8 1-3 
3-10 1-90 0-16 0-7 xa as 2-8 1-9 1-3 
3-30 2-20 0-2 0-8 a 2-4 1-3 1-3 
3-25 3-00 1-0 0-55 3 3-5 1-2 0-9 
Grey iron, unknown composition ra aa 3-5 2-9 
’ ’ ” Shear test 1-8 1-7 — 
TABLE V. TABLE VI. 
si | 
| Tempera- i 
Diamond | Average ture, Time. Appearance of Ciiew-Teat 
j Bond Bond. Result. 
Composition Condition Pyramid Strength Deg. C 
(Copper Remainder). " — Tons per ae 
0. ¥ 
> 250 15 sec. Practically no Tough bond. 
be 250 5 mi Tract of'CugS 
. 2 5 n. n ” 
10 per cent. tin -| Ascast .. 110 5-0 450 15 sec. | Thin layer of °| Rather brittle 
“all " ..| Cold a 150 5-1 CugStg 
per cené. tin -] Ascast --| 140 5°3 450 5 min. | Thick layer of | Very brittle 
a a ms ..| Cold rolled 180 4-5 ‘i Cu,Sn bond. 
14 per cent. tin, 1 per cent. »: i 
. phosphorus eo: --| Asecast... 170 5-2 
0 " 2 ‘ ‘ P ' 
See a Oe 5-2  |not prepared in any way. After 2 or 3 minutes 
see, scrubbing, a continuous coating of tin was obtained. 














280 deg. C. and statically lined with 7Sb/34Cu at 
380 deg. C. In the microphotograph the bronze has 
been heat-tinted and the white metal etched. The 
adhesion will be further impaired, of course, if additional 
Cu,Sn, is deposited on the bond from the white metal, 
as may occur with alloys of high copper content. 

Experiments were made to determine whether the 
bond brittleness could be reduced by modification of 
the tinning and lining conditions. In the first place, 
cleaned and fluxed copper plates were fixed in the 
lining jig and the whole placed in a tin bath at a 
controlled temperature. This bath served merely to 
heat the jig and plate, access of tin to the inside being 
prevented. Tin-copper eutectic alloy (0-75 per cent. 
copper) heated to the same temperature was then 
poured into the jig. After a controlled time the jig 
was quenched in water and the lined plate sectioned for 
metallographic examination and chisel tests, Results 
are given in Table VI. 

These results showed that the thickness of the Cu,Sn, 
layer could be greatly reduced if the temperature and 
time of the reaction were reduced to a minimum. A 
similar experiment was carried out with 10 per cent. 
tin-bronze, lined with tin-copper eutectic at 250 deg. C. 
for 15 seconds. Rather more Cu,Sn, was obtained 
than with pure copper, but the chisel-test result was 
still good. On the basis of these experiments a 10 per 
cent. tin-bronze plate was tinned and lined with 
7Sb/34Cu alloy in the normal way, except that times 
and temperatures were reduced to the minimum 
reasonably possible. Tinning was at 250 deg. C. for 
15 seconds; the metal was poured from 330 deg. C. 
(just above its liquidus temperature) and immediately 
quenched. The bond obtained was found on chisel 
testing to be as tough as that normally found with steel. 





It was, in fact, impossible to fracture the bond, the 


The second method involved the use of fluxes. In 
preliminary work, the most promising results were 
obtained with chloride fiuxes, and further experiments 
were confined to two fluxes of this type. The first 
of these was a ternary eutectic, namely, zinc chloride 75, 
sodium chloride 11, potassium chloride 14 per cent. 
The procedure adopted was to immerse the aluminium 
specimen in the salt bath for about 4 minutes and then 
to transfer it to the tin pot. Various salt-bath and 
tin-pot temperatures were tried. It was found that 
satisfactory tinning was only obtained when the tin 
pot was maintained above 350 deg. C. At low tempera- 
tures a solid crust formed on the aluminium surface, 
probably because of contamination of the flux layer 
with aluminium, resulting in an increase in melting 
point. The flux bath temperature was found to be 
less important, 280-300 deg. C. giving satisfactory 
results. 

The relatively high tinning temperature of 350 deg. C. 
would limit the practical application of this salt-bath 
process on account of its effect on the properties of many 
aluminium alloys. Experiments were, therefore, carried 
out with a flux of lower melting point, namely, zinc 
chloride 68, sodium chloride 10, potassium chloride 12}, 
ammonium chloride 9} per cent. Using this flux, it 
was found that tinning could be obtained with both 
flux bath and tin pot at 280 deg. C. Tinning at this 
temperature was rather slow, but could be accelerated 
by occasional application of powdered ammonium 
chloride to the surface of the specimen. The third 
method involved replacement tinning followed by hot 
dipping. By dipping aluminium in hot caustic soda, 
then in cold nitric acid, and finally in sodium-stannate 
solution, a grey deposit of tin can be obtained on the 
surface. Experiments were carried out in which this 
process was used as a preparation for hot dipping, but 
in no case was satisfactory tinning ob 4 
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Using the first two tinning methods, imens of 
aluminium were lined with 7Sb/3}Cu and 7Sb/7Cu. 
A few plates of a commercial aluminium alloy were 
also lined after tinning by the flux-bath method. 
Results of adhesion tests are given in Table VII. It 











TABLE VII. 
| Average Bond 
Tinning Bearing 
Base Material Stre i 
Method. Alloy. | ‘Tons. per sq. in. 
| 
Aluminium (com- | Wire-brush | 7Sb/3$Cu | 4-6 (Chalmers 
mercial purity) scrubbing test). 
” ” ” 2 2-3 (Shear test). 
~ pe 78b/7Cu | 4-8 (Chalmers 
test). 
” ” ” » 2-1 (Shear test). 
a ie Salt-bath | 78b/3$Cu | 4-1 (Chalmers 
(quaternary) test 
Aluminium alloy ‘ 78b/3gCu | 4-2, - 
' 








will be noted that the adhesion of 7Sb/34Cu is rather 
lower than is obtained on steel; on the other hand, 
7Sb/7Cu gives better adhesion (as measured by the 
Chalmers test) than is obtained on steel. Fig. 6, on 
page 573, shows a microphotograph of the bond 
obtained with this alloy, which differs in several respects 
from that between the same alloy and steel. It will 
be seen that there is no tendency for Cu,Sn, to form 
on the bond; evidently the aluminium does not, like 
steel, provide nuclei for the crystallisation of this 
compound. Adjacent to the bond, there is a band in 
which the structure of the white metal is abnormal, the 
Cu,Sn, being much more finely distributed than is 
usually the case. Aluminium is known to modify 
the structure of white metal, and this abnormal struc- 
ture is doubtless due to this effect. The aluminium 
must have diffused into the white metal while the latter 
was still molten, for diffusion in the solid state could 
not have influenced the crystallisation of the Cu,Sn,. 
Beyond the abnormal zone there is a rugged layer of 
relatively coarse Cu,sSn,. The cause of this Cu,Sn, layer 
is uncertain, but it is possible that the aluminium in the 
layer near the bond suppressed the formation of 
Cu,Sn,, causing the liquid to become supersaturated in 
respect to copper. This excess copper would then 
tend to precipitate in an aluminium-free zone, causing 
the abnormal form of segregation. 

All the bonds obtained on aluminium were found to 
be fairly tough when subjected to the chisel test, so 
it appears that the Cu,Sn, layer which forms away 
from the bond has no adverse effect. These experi- 
ments show that a satisfactory bond can be obtained 
between tin-base white metal and aluminium and offer 
no support to the hypothesis that solid-solution or 
compound formation is essential for good adhesion. 

The conclusions reached from the work described 
above are that adhesion to mild steel tinned by suit- 
able methods is unaffected by small amounts of residual 
nickel and chromium, or by carbon content up to 
0-4 percent. Embrittlement of the bond by deposition 
of Cu,Sn, from the white metal can be largely overcome 
by centrifugal casting. Adhesion to cast iron after 
salt-bath treatment is moderately good. Tin bronzes 
with or without phosphorus and zinc, give a bond 
strength, as measured by static testing, of the same order 
as steel. There is, however, some tendency to brittle- 
ness, owing to the Cu,Sn, formed at the bond. The 
thickness of this layer and the consequent brittleness 
can be reduced by oles times and temperatures of 
tinning and lining to a minimum. The bond between 
suitably prepared aluminium and tin-base Babbitt is 
almost as strong as that obtained on steel or bronze 
and shows no tendency to brittleness. 





INSTITUTE OF MARINE ENGINEERS.—The next Com- 
mon Preliminary Examinations for the admission of 
students to the Institute of Marine Engineers will be 
held from April 5 to 8 and from October 4 to 7, 1949. 
The next examination for graduates, comprising Section 
A of the associate-membership examination, will take 
place on May 23, 25 and 27, 1949, and the next associate- 
membership examination, from May 23 to 30, 1949. 
Syllabuses of these examinations, copies of previous 
Papers, and particulars of exempting qualifications can 
be obtained from the secretary, at 85, Minories, London, 
E.C.3. 





INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—The next examination for graduateship and 
associate-membership of the Institution of Heating and 
Ventilating Engineers will be held in London and Pro- 
vincial centres, and if necessary overseas, on Saturday, 
April 9, 1949. Intending candidates for these examina- 
tions must first submit a completed proposal form for 
membership in the appropriate grade. These should be 
forwarded to the secretary of the Institution, 75, Eaton- 
Place London, 8.W.1, before the end of the year. Candi- 
dates who have been accepted must submit an examina- 
tion application form before February 28. For overseas 


including a chapter on the MKS system of units, to 
). 


NOTES ON NEW BOOKS. 
Principles and Practice of Electrical Engineering. By 
A. Gray, Wh.Sc., M.Sc. Revised by Prorgssor 
G. A. Wattace, M.Sc. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 4.50 dols.]; and McGraw-Hill Pub- 
lishing Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 27s.] 
THs book, which was first published in 1914 and has 
now passed through six editions, is written for ‘‘ men 
who desire to obtain a broad idea of the principles 
and practice of electrical engineering, and who have 
only a limited time to spend on the subject.”” The 
present edition contains about 550 pages, with an almost 
equal number of figures, and incorporates amendments 


bring it into line with modern practice. The text is 
based on lectures delivered to senior civil, mechanical, 
and mining engineering students, and for this reason 
perhaps, delves less deeply into electrical theory than 
the title may suggest. There is, for example, no 
mention of the circle diagram in relation to the induc- 
tion motor, or to the parallel operation of transformers. 
On the other hand, some parts are rather over-elabor- 
ated ; thus, the section on lighting contains detailed 
tables of room-index figures and utilisation factors, 
which, though valuable to illuminating engineers, will 
rarely be used by the non-specialists whom the author 
had in mind. The 42 chapters in the book may be 
broadly divided into four groups, the first of which 
discusses electromagnetic and induction phenomena, 
and describes some typical applications, such as electro- 
magnets and simple ignition systems. Direct- and 
alternating-current equipment, generators, batteries, 
motors, transformers, control gear, and winding lay- 
outs are covered in the second and third groups. The 
last group discusses converting and rectifying apparatus 
and simple problems of alternating-current trans- 
mission and distribution ; it also includes short sections 
on electric lighting, and on the photo-electric cell and 
thermionic valve. The last chapter details a series of 
laboratory experiments suitable for technical school or 
college students. An index is given, together with lists 
of unanswered questions, these being set at the end of 
each chapter except the last. All the diagrams are 
clearly drawn and well detailed; but the text is 
occasionally marred by lapses into a somewhat verbose 
and elementary tutorial style. A slight knowledge of 
mathematics, sufficient for the solution of easy vectorial 
or resonance problems, is assumed, and though the 
book is not intended for an advanced study course, it 
will prove useful to electrical engineers whose technical 
knowledge has become rusty, and to those who merely 
desire a broad understanding of some of the subjects 
covered, especially in the practical fields. 





Calculation of Fault Currents in Electrical Networks : 
Circuit-Breaker Selection. Second Edition. By 
R. T. Lytraauy, M.I.E.E., A.Am.1.E.E. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 12s. 6d. net.] 


THE second part of the title of this book indicates its 
essential subject, although only the last out of its six 
chapters deals specifically with circuit-breaker selection. 
It is not concerned with the design of breakers, nor 
with the merits of different types; oil-immersed 
circuit-breakers alone are referred to. The first five 
chapters deal with the first part of the title and explain 
methods of calculating the fault currents on which 
selection must be based. In the preface to the first 
edition of this work, which was published in 1940, 
Mr. Lythall wrote, in connection with methods of 
determining fault current, “‘ many specifications calling 
for the supply of switchgear either ignore the question 
completely or, worse still, call for breaking capacities 
either unobtainable on the system concerned or beyond 
the practical limit of commercial design.”” The pur- 
of the book is to eliminate this state of affairs. 
Ft is in a sense an elementary book, in that it demands 
no extensive mathematical attainment in the reader 
and is expressed in simple language ; but this does not 
mean that it is directed to first-year students. It is a 
practical working manual intended for engineers who 
have experience of three-phase working but whose 
attainments do not extend to familiarity with the more 
abstruse theoretical aspects of the subject. The treat- 
ment is confined to symmetrical fault currents and the 
reader requiring fuller treatment of switchgear pro- 
blems is referred to other works. The simple methods 
described, however, will enable the instantaneous sym- 
metrical fault current, which depends on connected 
machines and cables, to be determined and a correct 
choice of circuit breakers to be made. It is pointed out 
in the introduction that fault power may originate not 
only from all connected generators, but also from the 
plant being supplied; a drop in frequency or voltage, 
caused by a short circuit, will result in synchronous 
machines feeding back into the network, and 





candidates the final date is January 31. 


is reduced. The reactance of cables and overhead lines 
will also have an important influence. The method of 
calculating fault currents in a circuit is explained, 
beginning with the simple case of a single generator 
and a number of feeders and gradually advancing to 
a system consisting of a power station feeding a local 
network and also connected to a high-tension network 
and giving bulk supply to a neighbouring authority, 
the local network comprising a ring main and feeding a 
main substation, a number of kiosks, and two industrial 
works, The treatment of a complicated case of this 
kind will be clearly understood from the graduated 
examples preceding it. In dealing with a complicated, 
or any other, case it is necessary that the effect of all 
components of a circuit should be reduced to common 
terms and the conversion of cable reactances expressed 
in ohms per mile (or 1,000 yards) to percentage react- 
ance, as employed for machines and transformers, is 
clearly explained. The book should be of much value 
to engineers, concerned with the specification of switch- 
gear, whose mathematical attainments are on a 
moderate scale; this is probably the majority. The 
new edition corrects two small errors in the first, and 
contains revised data on machine and cable reactances 
and on standard circuit breakers. 





Technische Statik. By Proresson Wiinetm ScuLink 
and Dr. Inc. Heryricn Dietz. Springer-Verlag, 
Jebensstrasse, 1, Berlin-Charlottenburg 2, Germany. 
[Price 27-60 marks.] 

Tis book well illustrates the effects of two world 

wars in debasing not only the paper, the print and the 

binding (now paper covers) of this standard text-book, 
but also the value of the German mark. Its sub-title, 

“ Introduction to Technical Thinking,” is of uncommon 

interest, for it is seldom realised by engineers, or, indeed, 

by mathematicians, how general is the practice of 
transforming dynamical problems into statics. Centri- 
fugal force is the most elementary and general principle 
of “ staticisation,” but the practice is so deeply 
imbedded that it is applied almost unconsciously in 
balancing, hydrodynamics, and even in kinematics. A 
rather cognate mental shift by which the engineer 
tries to deal with three dimensional statics in one plane 
is rightly deplored by Dr. Schlink, for the result of 
such simplification is often self deception or an unsafe 
ignoring of the constraints and freedoms involved. 
Having regard to the poor quality of the paper used, 
the diagrams, of which there are several hundreds, 
are clear as well as helpful. It is easily realised that 
the book represents year after year of dedicated 
teaching by a master of the subject; not only is the 
arrangement of the work particularly happy, but the 
exercises and examples are well chosen ; for instance, 
the treatment of joint effects in frames leads to a clear 
discussion of Hooke’s joint and of similar joints for the 
conversion of indéterminate to determinate structures. 


Transmission Circuits for Telephonic Communication. 
By K. 8. Jonson. D. Van Nostrand Company, 
Incorporated, 250, Fourth-avenue, New York. [Priee 
5 dols.] ; Macmillan and Company, Limited, St. Mar- 
tin’s-street, London, W.C.2. [Price 27s. 6d. net.] 

Tis work has been reprinted nine times since its 
first publication in 1924, but on one “—_ = only, in 
1926, was it offered as a new edition. It may seem 
surprising that no further modification or modernisation 
has been felt to be necessary in any of its reprintings, 
particularly in the later years; but it is difficult to 
point to any matter or treatment which can be regarded 
as definitely out of date. This reflects perhaps 
the rather remarkable position of the subject, inti- 
mately connected as it is with the wider telephone art 
wherein so much has happened since 1926. The 
transmission line and circuit proposition is largely a 
mathematical fixture obeying the same laws to-day as 
always. That the book under review still remains an 
acknowledged work of reference, with virtually no rival 
except in some specialised fields, is evidence of the 
masterly way in which it was compiled in 1924. Funda- 
mental considerations of the nature of the human 
voice, the ear, and telephone transmitting and receivi 

instrument characteristics in the first chapter fool 
naturally to measurements in telephonic circuits in the 
second, after which the exposition of the transmission 
circuit is fairly launched. Kirchhoff’s laws and the 
Reciprocity Theorem are dealt with, transformer, 
transition and transmission losses are considered, and 
Thévenin’s Theorem is explained. A wide variety of 
circuits and networks are studied, a great of 
attention being given to the theory and design of wave 
filters. Mathematical and algebraic treatment is, 
of course, indispensable and at times becomes consider- 
ably involved, so that the inclusion of appendices 
covering the chief algebraic formule, hyperbolic 
functions, approximation and trigonometrical formule, 





induction motors will do the same thing if the frequency 


etc., are likely to be welcome to the average reader. 
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3,000-H.P. ELECTRIC LOCOMOTIVE 
FOR SOUTH AFRICAN RAILWAYS. 


Tue South African Railways and Harbours Adminis- 
tration have ordered 40 electric locomotives from the 
North British Locomotive Company, Limited, Glasgow, 
for mixed-traffic service on their 3-ft. 6-in. gauge system 
between Cape Town and Beaufort West. The distance 
between these two points is about 300 miles, in the 
course of which long gradients of 1 in 66, increasing to a 
maximum of | in 50 have to be negotiated in places. 
The locomotives will be of the 1-Cy+C,-1 type, with 
4 ft. diameter driving wheels and 2 ft. 6 in. c 
wheels on the leading and trailing pony trucks. They 
will be designed to haul Hyronsy al and goods trains 
with maximum weights of 680 tons and 1,200 tons, 
respectively, at speeds from 55 to 60 m.p.h. The 
overall length of each locomotive will be 66 ft. 4 in., 
and it will be 9 ft. 6in. wide. The distance between the 
driving-bogie centres will be 32 ft. 6 in. and the 
wheelbase of each bogie will be 14ft.8in. The adhesion 
weight of 114 tons will be divided equally between the 
six driving axles, while the total weight will be 132 tons. 

The electrical equipment, which is being supplied by 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, consists of six nose-sus- 
pended direct-current motors, each with an output of 
500 h.p. at 3,000 volts. These motors will drive the 
axles through rubber resilient gearing. The tractive 
effort is 63,500 Ib., at 25 per cent. of the adhesion 
weight. By connecting all the motors in series, in 
eo «gs groups of three in series, or in three 

el groups of two in series, and using three 
weak-field positions in each combination, 12 runnin 
8 will be available. Control will be effected 
electro-pneumatically, and the auxiliary equipment will 
include two motor-generators supplying the low-tension 
circuits for the contactors and excitation for the traction 
motors during regeneration. These sets will also be 
coupled to blowers, which will supply forced ventilation 
to the motors and the high-tension compartment in the 
centre of the unit. Another compressor and two 
exhausters will supply the compressed-air and vacuum 
braking systems. Arrangements will also be made for 
supplying current from the locomotive to the lighting, 
pump and control circuits on a tender, on which a 
boiler for steam heating the passenger coaches will be 
installed. The boiler itself will be supplied with 
current through a pantograph on the tender. 





CATALOGUES. 


Copper and Brass Tubes.—Messrs. C. Ryan and 
Company, 2 to 20, Pancras-street, London, W.C.1, 
have sent us a copy of their pocket list giving the 
prices of about 450 sizes of copper and brass tubes in 
common use, from yy in. to 8 in. in diameter and in a 
wide variety of thicknesses. 

Electric Motors.—A stock list, issued by Messrs. John 
Pbillips and Company (Electrics), Limited, 32, Park- 
road North, South Acton, London, W.3, gives details 
of a number of new and reconditioned electric motors 
they have available. These range in output from 
150 h.p. to 4 h.p. The majority are fitted with ball 
bearings and are suitable for 400/440-volt three-phase 
circuits. 

Precision Electrical Instruments.— Messrs. Muirhead and 
Company, Limited, Beckenham, Kent, have issued an 
illustrated pamphlet dealing with the inductive potentio- 
meter, known as “Ipot.” This device, which was 
originally developed by the Admiralty for use in con- 
nection with anti-aircraft predictors, produces an alter- 
nating-current voltage proportional to a given movement, 
and can be used either for multiplying or obtaining a 
fraction of the supply voltage. 

Adhesive Mounting of Machines.—A system whereby 
machines may be stuck down to factory floors by soaking, 
in a special glue, a piece of felt cut to the size of the base, 
is explained in a leaflet issued by Croid, Limited, 109, 
Kingsway, London, W.C.2, makers of Croid No. 65 
macbinue-fixing glue; and Cooper and Company (Bir- 
mingham), Limited, Little King-street, Birmingham, 19, 
makers of the MG-grade felt employed. The Croid- 
Cooper method, it is claimed, gives a firm vibration- 
absorbing and heat and waterproof foundation which will 
not “ creep.” 

Zine Alloy.—A manual, entitled ‘‘ K.M. Alloy,” con- 
taining 56 pages and bound in stiff cloth covers, has been 
received from the Imperial Smelting Corporation, 
Limited, 37, Dover-street, London, W.1. It is described 
as a research-department bulletin and deals with K.M., 
a@ zinc-aluminium-copper alloy, containing a little mag- 
nesium, developed by the firm for press forming tools 
and, more recently, in plate form, for blanking tools. 
It is easier to produce press tools and blanking dies in 
this alloy than to make them from ferrous materials ; 
highly-skilled tool-room labour is unnecessary, the cost 
of the too. and dies is much less, and there is no waste. 
The price of the manual is 5s. 
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ELECTRICAL APPARATUS. 


601,490. Measuring the Thickness of Non-Magnetic 
Coatings on Magnetic Articles. The General Electric 
Company, Limited, of London, H. C. Turner, G. W. 
Hartland and J. L. Leonard, all of Salford, Lancashire. 
(3 Figs.) October 3, 1945.—In this invention a moving 
coil 1 is pivoted for rotation in the air gap between two 
shaped soft-iron pole pieces 2 and 3, against the action 
of a return spring 4, as in a moving-coil galvanometer. 
The coil 1 is provided with a pointer 5 moving over a 


€ | fixed graduated scale 6. The pole pieces 2 and 3 have 


extensions 7 and 8 around which are wound magnetising 
coils 9 and 10, respectively. The coils 9 and 10 are 
connected in series between terminals 11 and 12, the 
connections being made so that when a current is passed 
through the coils, the pole pieces 2 and 3 have opposite 
magnetic polarity. The moving coil 1 is connected, in 
series with a rheostat 13, between the terminals 11 and 12. 
The apparatus is fitted in a case 14, the extensions 7 and 8 











projecting through apertures in one of the walls of the 
case. To measure a coating thickness, a battery is con- 
nected between the terminals 11 and 12, and, with 
the external faces 15 and 16 of the extensions 7 and 8, 
in contact with an uncoated magnetic material, such as a 
steel plate, the rheostat 13 is adjusted until a full-scale 
deflection of the moving coil 1 is indicated. If the 
extension faces 15 and 16 are removed from the magnetic 
material and are brought into contact with the surface of 
the non-magnetic coating of the specimen under examina- 
tion, the reluctance of the magnetic circuit completed 
by the specimen is greater than it was when the magnetic 
circuit was completed by the steel plate, and hence the 
flux in the air gap and the resulting deflection of the 
coil are reduced. The apparatus is designed so that the 
decrease in deflection from full scale, when a specimen 
completes the magnetic circuit, is substantially propor- 
tional to the thickness of the coating. (Accepted May 6 
1948.) 


602,891. Transforming Electrical Energy into Heat and 
Light. Société Anonyme des Manufactures des Glaces et 
Produits Chimiques de Saint-Gobain, Chauny and Cirey, 
of Paris, France. (8 Figs.) April 25, 1941.—This inven- 





(60z,891.) 


tion relates to the production of heat and light by elec- 
trical means. Its main object is to provide an improved 
method of utilising electrical energy to cause a body to 
radiate heat, and, in some cases, light, to an external 
object. It is well known that glass and certain refractory 


substances are conductive to electricity when hot, and 
that they can be heated by passing an electric current 
through a relatively restricted area. In the invention, 
use is made of this property by passing an electric current 
through the surface of a body at one or more elemental 
areas, and displacing the body so that substantially all 
the points of its surface are caused successively to pass 
through the area traversed by the electric current. The 
radiator of Figs. 1 and 2 consists of a circular plate 1 of 
a refractory material which is more or less conductive, 
at least when hot, and a plate 2 and ring 3 of heat insulat- 
ing materials supporting the plate 1 and screening it from 
a base 4 which is made of a refractory material that is a 
poor conductor of electricity and is fitted into a metallic 
support 5 secured on a shaft 6 rotated by a mechanism 
not shown. Three brushes 7a, 7b and 7c, connected to 
the terminals 8 of a three-phase alternating-current 
supply, are resiliently pressed by springs 9 on to the 
upper face of the plate 1 in such manner as to create 
zones on this surface which are progressively heated and 
become incandescent. These zones form approximately 
the three sides of a triangle of which the apices coincide 
with the points of application of the three brushes to the 
surface and which shifts over the surface as the plate 
rotates, as indicated by the dotted lines 10. A number 
of other applications of the invention are shown in the 
specification. (Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


599,207. Rotary Valves and Combustion Chambers. 
A.T. Brook, of Ipswich, Suffolk. (2 Figs.) July 13, 1945. 
—This invention is concerned with improved rotary 
valves and combustion chambers for internal-combustion 
engines operating on a two-stroke or four-stroke cycle. 
The practical difficulties involved in the construction and 
operation of rotary valves are sealing against internal 
pressure, adequate cooling and lubrication, and efficient 
location in the housing in which the valve rotates to 
avoid excessive friction, and difficulties arising through 
thermal expansion. The object of the invention is to 
obviate or minimise these difficulties. The lower half 1 
of the rotary-valve housing is cast in one with the water- 
cooled cylinders of the engine. The separate water-cooled 
upper-half of the rotary-valve housing is shown at 2 
and 3 is the hollow rotary valve itself. The piston is 
shown at 4, and 5 is a cylindrical liner nipped firmly in 
position by the two halves of the housing; and in it the 
rotary valve rotates. Holes are cut in the liner to match 
with the inlet port 7, the exhaust port 8, the sparking- 
plug hole 9, and the opening to the working cylinder 10. 
Connections between the upper and lower halves of the 
rotary-valve housing for the water are provided by 
external pipes 11. The rotary valve shown has three 
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cells, 6a, 66 and 6c per working cylinder, disposed sym- 
metrically round the valve. In the position shown, the 
piston is just past top dead-centre, and a compressed 
charge of mixture in cell 6a has just been ignited by the 
sparking plug as the cell 6a opened up in communication 
with the working cylinder through the space 10. As the 
piston 4 descends, cell 6a rotates in an anti-clockwise 
direction, being positively driven at one-third crankshaft 
speed. Just before the piston reaches the bottom dead- 
centre, the cell 6a has moved round sufficiently to form a 
Passage between space 10 and the exhaust port 8, thus 
causing the exhaust stroke to commence. This stroke 
continues during the upstroke of the piston until it is 
more than half-way up the cylinder, when cell 6a cuts 
off communication between space 10 and port 8 and a 
certain amount of exhaust gas is trapped in space 10 and 
highly compressed as the piston reaches top dead-centre, 
thereby acting as a cushion against the shock-load from 
the explosion of the charge in cell 6c, which has now 
moved round to the position previously occupied by 
cell 6a. The cycle then repeats itself. Meanwhile, cell 6a 
travels round until it comes opposite port 7, where it is 
filled with a charge of pre-compressed mixture, which is 
then carried round by the cell until it reaches the position 
oceupied by cell 6a and is ignited again by the sparking- 








plug. (Sealed.) 
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FLOATING AND FOUNDA- 
TIONLESS BREAKWATERS. 


By R. R. Mrinixr. 


THE extensive publicity accorded latterly to float- 
ing and foundationless breakwaters, as a consequence 
of their use in a major operation of the war, has 
spread abroad the impression that new and rapid 
effective forms of construction had been evolved 
for what hitherto had been formidably expensive 
undertakings, which took so long to build. 
Concrete caissons built on shore and then floated 
out to site have been in use for many generations, 
not only for breakwaters but for several other heavy 
constructions, such as bridge piers, quay walls, and 
dock entrances. All these structures required 
costly foundations. 

The new idea, however, is to sink the floating 
units as one would blockships, with little or no 
foundation preparation. At first sight it appears 
a precarious proceeding and counter to all maritime- 










heads ree be paar if vessels are to use the 
harbour at all states of the tide, is 


h 
Dedtets ‘ - (1) 
where 

d = maximum draught aft of vessels using the har- 

: bour. 

c = clearance between after keel of vessel and sea- 
bed. This should not be less than 5 ft.; a 
lesser clearance disturbs the steering control. 

h = maximum height of storm waves at harbour 


offing. 
D = depth of water at entrance at L.W.0.8.T. 


This depth of water D is not always economically 
obtainable, so that, in bad weather, vessels drawing 
the maximum draught d may have to wait some 
hours in the offing until the rising tide gives sufficient 
depth for safety. Should the sea bed in the offing 
rise to the harbour wall with a gentle slope, less 
than 1 in 7, and the depth at the wall is greater than 
1-3 times the wave height, trough to crest, then 
the probability is that the open-sea wave, though 
it will increase slightly in height as it mounts the 
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several points worthy of consideration. The experi- 
ence gained in the full-scale war-time use may 
yet be utilised for the benefit of peace-time commer- 
cial undertakings. 

The primary essentials of a good harbour are, 
briefly, (a) adequate depth of water for the naviga- 
tion of the channel and for swinging; (b) entrance 
easy to negotiate in bad weather; and (c) adequate 
screening from storm waves as quickly as possible 
after a vessel breasts the entrance heads. To 
attain these conditions artificially a large area of 
deep water must be walled off from the sea, with 
one or more breaks in the wall for entrances. The 
entrances should be located to bring about the 
rapid expansion of the ends of the incoming storm 
waves, and a quick reduction of the open-sea wave 
height. 

These several factors are the prime requisites 
of good commercial harbours, but there are others 
which, though they possess the detailed features 
in a lesser degree, cannot be considered in the 
first class of commercial use ; such as, for example, 
Zeebrugge and Folkestone. These are single curved 
walls, or moles, running out into the sea to screen 
off the storm waves from the most turbulent sector, 
and are fully open to the sea for the remainder, 
excepting for the protection of the shallow contours 
of the sea bed on the open side. In some instances 
harbours of this type have not proved successful, 
notably where the littoral drift has been eonsiderable. 
Ceara is a classical example ; it was rapidly choked 
up with littoral drift. Having tentatively decided 
the line of the walls, the next step is to compute 
the probable intensities of the forces, due to sea 
action, on the various sections of the walls, from the 
roots to the heads. 

The dimensions of the wall, the weight, and 
stability, are dependent upon the maximum height 
of the waves to be expected and the depths of the 
water at the wall. For our purpose it is advisable 
to confine attention to the vertical type. Then the 






















in the form of a standing wave, or clapotis, However, 
it is obvious that on some portion of the shore arm 
there will be breaking waves. Not all of these waves 
will break frontally on the wall; nevertheless, the 
considerations of stability must include this possi- 
bility. 

A brilliant analysis of wave action in deep water 
against a vertical wall was made by Sainflou.* 
It is rather complex for brief description, but the 
author simplified the formula for British units in 
ENGINEERING, vol. 158, page 22 (1944). In the 
expressions which follow a still further simplified 
version is submitted. 
Let P, = thrust above still-water level, tons per lineal 

foot. 
P, = thrust below still-water level, tons per lineal 
foot. 
P, = P, + P, = total thrust per lineal foot of wall. 
h = height of wave, trough to crest, in feet. 
H = depth of water at the wall, in feet. 
1 = wave length, in feet. 
Vy Yq, and yg = distance of centroids of pressure 
of the respective thrusts above the base of 


the wall. 
The thrust on the wall above still-water level is 
Py, = 0-021 h® tons per ft. run, . - 


than 3/10ths the wave length, the thrust below still- 
water level is 


P, = (0:0285 + = tons per ft.run . (3) 
where 
c= (0-031 - 0-01747). 
The total thrust on the wall is 
Pp = { (0-028 +c) +} + 0-021 A? tons per ft. run. 


° ° . » (4) 
The distribution of this pressure on the vertical 





* M. Sainfiou, “ Essai sur les digues maritimes verti- 


and where the depth of the water at the wall is less | where 


wall (see Fig. 1) in intensity per square foot at the 
base is p,=ch, and at still-water level p, = 

0-0285 h tons. Assume the zero point of the dia- 
gram at 1-5 h above still-water level. This is 
slightly higher than the value computed by Sainfiou 
for the increase of sea level at the wall. Where the 
depth of the water at the wall is over 3/10ths the 


wave length, c =(0-0155 4a 0-026 =). The heights 


of the centres of pressure above the base are, 
respectively, 


1=H +> 


2c + 0-03 

ise 7: Gel (c + 0- +5) + 

_ “Pi + v2 Ps) 
P,p+P, 

Should the breakwater be generally situated, as 
some parts must be, in depths of water less than 
1-3 h then it will be subjected to the mere violent 
action of breaking waves. The mechanism of these 
is very different to reflected. unbroken waves, 
clapotis, as considered above. It was Brigadier R.A. 
Bagnold* who pointed out that the great intensity 
of pressure arising from a broken wave occurred 
when the crest curled in against some obstruction, 
trapping a quantity of air, before the energy of the 
wave was exhausted. It would appear that when 
this critical condition occurs, there results a powerful 
explosion which causes an extremely high local 
intensity of pressure, hurling huge quantities of 
water into the air and creating a high turbulence 
downwards near the obstruction towards the sea 
bed. It is this critical condition which gives rise 
to the maximum thrust upon the obstruction. The 
mechanism to bring this about is so delicate that, 
fortunately, relatively few in a train of waves 
produce the maximum effect. Nevertheless as the 
probability is that, at some time or other during a 
storm, they will occur, the stability of the structure 
must be based upon their occurrence. 
The probable thrust of a breaking wave was 
formerly based on data of an empirical nature ; for 
instance, that of Professor Luiggit was based on a 
graph of -pressures registered on the Genoa mole 
during a storm (Fig. 2) in which the wave height 
was measured at 24 ft. For any other wave height, 
the same diagram of. intensities at various heights 
was reduced or enlarged in proportion to the wave 
height. Another rule was that the intensity of 
vgnapet at still water was computed at (H + 


0-75 h) = 5 tons per square foot and a diagram drawn 
aia ~ equal intensity below still-water level 
and diminishing to zero at ; 


level. 

In an attempt to co-ordinate Brigadier Bagnold’s 
model results with the full-scale measurements of 
sea action, by Messrs. Rouville and Petry, and the 
authoritative records of various breakwater failures, 
the author compiled the following formulat for the 
thrust of breaking waves. 

The maximum intensity of pressure at still-water 
level 


and 


Vz (5) 


above still-water 


h 
Pm = > x < (D + @) tons per sq.ft. (6) 


The total thrust per foot run of wall 
3-85 d h\2 h\ h 
TD (D +o(3) +(4+7 7 ons (7) 


D = depth of water at wave length seaward, feet. 
d = depth of water at the wall, feet. 
h = height of wave, feet. 
I = length of wave, feet. 
The distribution of pressure diagram is shown in 
Fig. 3. 
Other important factors bearing on the siting of 
the wall are the local currents arising from physio- 
graphical conditions and the tidal stream. Any 


P, = 








* Brig. R. A. Bagnold, “Interim Report on Wave 
Pressure Research,” Journal I.C.E. No. 7, 1939. 

+ Professor Luiggi, ‘“‘ Opere marittime piu adatte ai 
Porti Italiani,’’ Padua, 1909. 

t R. R. Minikin, “ Pressure of Breaking Waves,” The 
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artificial obstruction across the run of the tidal cur- 
rent, whether it reaches to the sea bed, or is some FOUNDATIONLESS BREAKWATERS. 


distance above it, will alter the natural regimen by 
diverting the flow and increasing its velocity near 
to the free ends, or through any gaps. This 
phenomenon shows itself in the movement of the 
finer loose material of the sea bed, which, in the 
locality of the obstruction, will be subjected to an 
intensified agitation, productive of scour in some 
parts, and accretion, or deposit, in others. There 
will be considerable local scour at any gaps in the 
length of the obstruction, whether the gaps are 
vertical or horizontal, and the material so dis- 
placed will be deposited in the quieter water to 
the lee. 

Closely allied to the tidal current effect on the 
material of the sea bed there is that of the littoral 
drift, which is caused by wave action. The loose 
material on the sea bed is pushed forward in the 
direction of travel of the waves, so that in any one 
place there may be a temporary progression followed 
by a retrogression, but the resultant effect is a 
forward progression in the. general direction of the 
prevailing weather. The material travels in the 
form of waves, bars, or banks, composed of shingle 
and sand. Although wave action governs the 
general movement, the ebb and flow of the tidal 
stream influences their shape and contours on the 
sea bed. Investigation, in particular by the Dutch 
Waterways Research, shows that there is a tendency 
for the flood and the ebb tides to sweep out their 
own channels through the banks. It is as though 
there were selective influences which induce the 
flood tide to follow particular routes, and the ebb 
tide to follow other routes, so that the pendular 
movement of the tidal currents gives rise to a 
ragged series of channels or valleys, of blunted 
arrow-head shaped formation, in the mass of loose 
material. The tips of the arrow heads point the 
direction of the predominating current of the 
channel. This phenomenon has its effect on the 
distribution of the finer particles, which are con- 
tinuously pushed forward in gentle ripples over the 
banks of the littoral drift. Careful measurement 
has shown that these banks may build up to 35 or 
40 ft. in height in 10 fathoms of water, with a back- 
ward slope of 1 in 200, and a forward slope, in the 
direction of travel, of 1 in 40. Thus a cross section 
through a progressive bank would show a series of 
bars of saw-toothed formation. At the same time 
there may be places on the same drift where the 
surface slopes are uniform. This indicates a local 
static effect where the forward and backward forces 
are equal. 

The point to note is the tendency for the tidal 
current to hold strongly to its natural direction. It 
will be appreciated, therefore, that any artificial 
obstruction extending seawards into the tidal 
stream, will not only cause a change of direction of 
flow locally, but may interfere seriously with the 
incidence of the material disposition and the general 
movement of the littoral drift. The natural conse- 
quence of this is to promote accretion of material 
on the weather shore leg of the wall; and to the 
lee of the farther wall, either neutral conditions, or 
scour and erosion. These factors are important in 
the construction of a wall the foundations of which 
are built well below sea bed, and of paramount 
importance in the planning of a foundationless wall 
merely resting on the surface of what may be a 
travelling mass. 

Further, there is the character and configuration of 
the sea bed. Should it be traversed with protruding 
rock ledges the difficulties may be economically 
insuperable. Any alternations of hard and soft 
ground would also be objectionable, as there would 
always be the risk of the large units breaking their 
backs ; steeply sloping ground would preclude the 
use entirely. One may safely say that the use 
of foundationless breakwaters would be restricted 
to localities where the sea bed has some relative 
permanency, as an even rock surface, or is of de- 
posited materia], shingle, sand, or clay. 

Considering the above factors let us assume that a 
suitable place for the use of this type of breakwater 
is subjected to a maximum size wave of 20 ft. 
height, h, and has a length, J, of 340 ft. At low tide 
the depth of water, d, at the wall is 25 ft. The tidal 
range is 15 ft, The slope of the sea bed, seawards, 
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from the wall is 1 in 7, hence the depth of water 


at a wave length from the wallis (25 + *) —— 


75 ft., approximately. Then using expression (6), 
the maximum intensity of pressure of a breaking 
wave at low tide is : 
20 25 
= 5-67 tons per square foot at still-water level. 
The total thrust, using expression (7), is 

3°85 x 25 
340 x 75 

= 46-3 tons per foot run. 
The moment due to this horizontal thrust is 

37-7 x 25 + 8-6 x 12 = 1,047 tons-feet, 
Then the effective gravity weight of the unit per 
foot run to withstand overturning, assuming a base 
width of 60 ft., is 


20 
Pp = (75 + 25) x 10? + (25 + 5) 75 


If in reinforced concrete and ballast, this would 
represent 52 tons per foot, minimum dry weight, 
assuming only partial submergence. 

Further, assuming that the unit has no provision 
for anchorage to the sea bed and is entirely depen- 
dent upon friction on the base; and taking the 
coefficient of friction » = 0-54, the effective weight 
to resist sliding on the base is W = <= = 86 tons 
per foot run, which means a dry weight of 129 tons. 

Above a depth of 25 ft. it can be assumed that 
there will be no breaking waves. Strictly, this 
would not always be borne out by experience as, 
owing to the incidence of exceptional conditions, 
waves have been known to break in a depth of water 
equal to almost twice the wave height. However, 
above low water it can be assumed that all waves 
will be reflected at the wall. In which case, using 
expressions (2) (3) and (4), at high water the depth 
at the wall, d = 40 ft., and the total thrust on the 
wall with a freeboard of 10 ft., 


40x20 5 


Pg = (0-0285 + c) + 3 x 0-021 x 20? 


where 





40 
c= (0-081 — 0-0774 x ia) = 0-022. 


Pg, = 24-86 tons per foot run. 


The moment due to this thrust is 634 tons-ft., 
and the effective weight to resist overturning is 
21 tons per foot run, or a dry weight of 37 tons, 
assuming complete submergence. To resist sliding, 
an effective deadweight of 46 tons per foot, or 
80 tons per foot dry weight, would be necessary. 
For the conditions of the problem these values are 
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construct the unit on shore, to launch it, to complete 
it as a vessel, to dispose weight to ensure positive 
metacentric height when partly flooded, and then 
float it to the site, only a fraction of the final weight 
can be incorporated in the functionally stressed 
members. The preliminary sinking may be done 
by water and thereafter the required deadweight 
obtained by adding ballast. This may be of sand, 
shingle, rock or mass concrete. 

The late Professor Coen Cagli, over 15 years 
ago, demonstrated in connection with the con- 
struction of the Genoa mole, that plain concrete 
of a thickness less than 5 ft. was never satis- 
factory. Though his remarks had reference to 
cyclopean blockwork they are equally applicable 
to the type of wall under consideration. In spite 
of ample reinforcing steel, it is imperative to have 
substantial thickness in all main working members 
receiving the impact. There are two sound reasons 
for this: firstly, to damp the vibrations under 
rapidly recurring blows, and the reversals of stresses 
due to trough suction ; secondly, to give continuity 
of rigidity to resist the racking stresses. 

An economical structural solution to the present 
problem would be a substantial vertical reinforced- 
concrete wall not less than 3 ft. 6 in. thick, with 
braced counterforts incorporated in a light rein- 
forced-concrete rectangular vessel, designed so as 
to be of adequate proportions to withstand hogging, 
sagging and racking stresses. Due consideration 
would also be given to the floatation stability, in 
transit and sinking. A suggested cross-section of 
such a unit is shown in Fig. 4, where the main wall 
of reinforced concrete about 4 ft. thick is designed 
in the form of a massive channel cross-section. 
On the lee-side of the wall sturdy braced counter- 
forts are incorporated with the bulkheads of the 
enveloping vessel. The harbour side is constructed 
in the form of a substantial box girder to develop 
@ stress resistance equal to that of the seaward 
wall. The chamber provided by the box girder is 
utilised as space for the trimming ballast, and the 
whole is decked in with the rest of the structure. 
The thickening up of the bottom with concrete is 
done after launching. The upper works are com- 
pleted afloat. Such a construction would have 
the following dry weights per foot run: reinforced 
concrete, 42 tons; trimming ballast, 5 tons before 
launching ; trimming ballast, 12 tons added after 
launching ; and deadweight ballast, 67 tons added 
when sunk. This would give a factor of safety of 1, 
against sliding under the most adverse conditions. 

‘Should the building yards for the units be close 
to the eventual site, a suitable length for handling 
would be 100 to 120 ft.; where, however, a short 
sea passage must be undertaken the length should 
be not less than three times the beam. 

While no heavy preparation of the sub-foundation 
is envisaged, it would be advisable to harrow the 
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site, to level the top surface before sinking. Qn a 
sub-foundation of clay an extra freeboard allowance 
should be made to cover subsequent settlement, 

When the units are deposited and ballasted, no 
matter how skilfully done, there are sure to be gaps 
between them. To avoid scour these gaps must be 
filled in as quickly as possible : a wide gap should be 
sheet piled and the space filled with plain concrete, 
whereas a narrow gap could be dealt with by cement 
bagging. The most simple and practical way to 
deal with such an eventuality is to provide the ends 
of units with vertical projecting fenders, and thus 
have @ purposely made gap between the bulkheads 
of the adjoining units. The fenders will then 
register the line of units and contain the concrete 
fill. The probable cost of construction of units of 
this type placed in position would depend upon the 
local facilities for the shore building. If these are 
favourable, there should be a considerable saving 
in capital outlay compared with blockwork. 

There is little doubt that units of this type, if 
suitably designed for a particular locality, would 
give effective service. The depth of water should 
not exceed five fathoms and the sea bed should be 
fairly flat. Some of the advantages are: the 
absence of joints, rapidity of placing, avoidance of 
diver’s work, no need for grouting, dowelling, or 
make-up, no local displacements as in blockwork, 
no spalling of concrete due to unequal bearing and 
breathing movement under heavy seas; the shore 
construction ensures good workmanship under super- 
vision and provides opportunity for economical pro- 
duction. On the other hand, the disadvantages are, 
scouring of the sea bed may tilt a whole unit or 
put it out of alignment; inequalities of bearing 
capacity of the sea bed, aggravated by scour, may 
cause the unit to break its back and disintegrate ; 
settlement of the end of a unit may damage an 
adjoining unit; local damage is not so readily 
repaired as in blockwork ; the life of the reinforce- 
ment is a doubtful quantity. 

The units for the entrance heads would have to 
be of heavier construction, and modified design to 
counter the greater tendency to scour. On a loose 
sea bed they should be sunk some distance into it 
without disturbing the units already placed. This 
could be effected either by a ringing of sheet piling 
driven around the outer face of the shell, or a pro- 
truding extension of the side walls below the keel 
with the provision of suitably placed pressure jets 
to hasten and control the sinking. From the shore 
end root of the wall to a point about one fathom 
depth of water below L.W.O.S.T. the wall should be 
of the solid type built out from the shore either of 
rubble mound cross section or of solid blockwork. 


(To be continued.) 





LECTURES ON LUBRICATION.—A course of five lectures 
on “ Lubrication ” will be delivered at the Sir John 
Cass Technical Institute, Jewry-street, Aldgate, London, 
E.C.3, at 6.30 p.m., on Thursdays, beginning on Feb- 
ruary 3, 1949. The first lecture, entitled “‘ Theory and 
General,” will be by Lt.-Col. S. J. M. Auld, 0.B.E., M.C., 
who will also take the chair at each subsequent lecture. 
That on February 10, on ‘“ Production,” will be by 
Mr. C. Hull; that on February 17, 0n “ The Testing of 
Lubricating Oils and Greases,”” by Mr. C. S. Windebank ; 
that on February 24, on “ Industrial and Marine Lubri- 
cation,” by Mr. R. S. Teale; and that on March 3, on 
*“ Automotive and Aviation Lubrication,”-by Mr. O. T. 
Jones, The fee for the course is 10s. 





VERMICULITE INSULATING MATERIAIS.—The mineral 
vermiculite is golden-brown in colour in the as-mined 
state and weighs 120 lb. per cubic foot. It belongs to the 
mica series and when crushed and heated to about 
2,000 deg. F., the moisture entrapped between the plates 
of which the material is composed forces the flakes apart 
with the formation of pellets containing millions of tiny 
air cells. Exfoliated vermiculite, as it is termed, expands 
from nine to sixteen times its original size and weighs 
only from 7 Ib. to 10 Ib. per cubic foot. It is employed 
to a considerable extent in the Un'ted States to replace 
sand and gravel in cement and plaster mixtures to save 
weight and to improve the insulating properties of floors 
and walls. The material is now being processed in this 
country from raw mineral produced in the British 
Commonwealth, and may be obtained in quantity from 
Messrs. Dohm, Limited, 167, Victoria-street, Westminster, 
London, 8.W.1. 
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Vector and Tensor Analysis. By PRoFEssOR LOUIS 
BranD. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 5.50 
dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 33s, net.] 

PuysicaL quantities can be divided into scalars, 
specified by a single real number and subject to 
ordinary algebra, and vectors, requiring for their 
specification a direction as well as a magnitude. 
Vector algebra provides an explicit notation for such 
directed quantities and enables their properties to 
be investigated independently of any particular 
co-ordinate system. Engineers are apt to fight shy 
of vector methods, doubtless because experience has 
convinced them that all the operations accessible to 
vector calculus can be carried out by ordinary 
methods, even though they are rather less elegantly 
presented and take somewhat longer to perform ; 
nevertheless, the increasing use of vector methods 
makes it desirable that engineers should be familiar 
with them and also with the more general methods 
of tensor analysis. In this book, Professor Brand 
covers the theory and a number of the simpler appli- 
cations of vector and tensor analysis in a clear and 
comprehensive manner, embodying, in the course of 
his exposition, such additional concepts as motors, 
dyadics, matrices and quaternions. 

The opening chapter sets out the basic definitions 
and explains the elementary operations of vector 
algebra, with illustrations drawn mainly from geo- 
metry and trigonometry. The idea of dual num- 
bers, introduced by W. K. Clifford, is extended in 
Chapter IT to dual multiples of unit line vectors, or 
motors, The appropriate algebra is developed and 
the applications of motors in line geometry and 
mechanics are indicated. The next two chapters 
deal with vector functions of one variable and linear 
vector functions. One of the major discoveries in 
mathematics was that consistent and practically 
useful algebras could be constructed by negating 
one or more of the postulates of ordinary algebra. 
Gibbs introduced, with his dyad, a new species of 
product for which the commutative law does not 
hold. These dyads appear as terms in a dyadic, 
which may be regarded as an operator transforming 
one vector into another vector of different length 
in a different direction. The properties of dyadics 
are well presented and it is of interest to note that 
the name “‘ tensor,” now used in much more general 
sense, was first applied to the stress dyadic. 

There follow two chapters devoted to the impor- 
tant topics of differential invariants and integral 
transformations, which include a discussion of 
harmonic functions, surface and space charges and 
heat conduction. Applications to hydrodynamics and 
surface geometry are given in Chapters VII and VIII 
and include the Kutta-Joukowsky formula, of basic 
importance in aerofoil theory, and the properties 
of geodesics. Comparatively few applications to 
mechanics are to be found, since a systematic 
presentation of mechanics in vector notation is avail- 
able in a previous volume by the same author. 
The very general methods of tensor analysis, which 
have largely replaced vector methods in physical 
applications, form the subject of Chapter IX. For 
the sake of concreteness, tensor analysis is first 
developed in three-dimensional space and then 
extended to n-dimensional space. Discussion of the 
applications of tensor analysis to relativity, electro- 
dynamics and rotating electrical machines is re- 
served for a forthcoming companion volume. In 
order to extend vector algebra to include multi- 
plication and division, W. R. Hamilton was led to 
invent an algebra for quadruples of numbers, or 
quaternions, and a short account of their properties 
is given in the concluding chapter. 

Very complete cross references are provided and 
are readily located, as an article number as well as 
@ page number appears at the top of each page. 
Another helpful feature is the summary placed at 
the end of each chapter. Vector and tensor analysis 
have become standard tools in many branches of 
pure and applied science. The effectiveness of such 
mathematical tools depends upon the skill with 
which they are handled, and the insight with which 
they are employed. Ample practice in acquiring 


the necessary skill and developing the requisite 
insight is provided in a wide range of problems that 
are not only of interest in themselves, but also serve 
to supplement the text by introducing further 
important applications. 





Technical Optics. Volume I. By Proressor L. C. 
Martin. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 40s. net.] 

Tus, the first part of a revised and enlarged edition 
of the author’s Introduction to Applied Optics, is 
based on the post-graduate course in technical optics 
given at the Imperial College of Science and Tech- 
nology, London. It follows the same general plan 
as the earlier work and contains one additional 
chapter on the “ Properties of Radiation in regard to 
Matter,”’ a portion of which appeared at the end 
of Chapter III in the original edition. Mainly 
introductory, this volume covers clearly and 
concisely the groundwork in geometrical and 
physical optics needed for the study of specific 
optical instruments, to be dealt with in Volume II. 
The treatment is elementary and the more general 
methods based on Hamilton’s Characteristic Func- 
tions are not employed. The latter, in fact, are 
never used in optical computing, which is based 
on the simpler and more concrete trigonometrical 
ray tracing methods which are described and 
illustrated. In developing the paraxial theory of 
coaxial optical systems, prominence is accorded to 
** powers ”’ of lenses and “‘ curvatures ” of surfaces. 
In the chapter on “ Light as a Wave Motion ” the 
emphasis is upon those aspects of interference and 
diffraction that determine the resolving power, and 
so limit the useful magnification, of optical instru- 
ments. The chapter on the optical image and its 
defects deals comprehensively with the various 
aberrations affecting the definition, position and 
coloration of the image and with the means for 
reducing them within tolerable limits. 

Since most optical instruments function as aids 
to vision, the importance of understanding the 
capabilities and limitations’ of the human eye is 
obvious. Professor Martin includes in his summary 
recent work on colour perception, but leaves 
binocular vision for Volume II. The chapter on 
physical optics is largely occupied with a review 
of the phenomena of polarisation, required in applied 
optics. The account of the manufacture and 
properties of optical glasses and of the production 
and testing of lenses contains not only practical 
details of the processes, but also an outline of their 
scientific interpretation in so far as this has been 
worked out. Spectacles are the only optical 
instruments considered in this volume and an 
admirable account is given of the methods of correct- 
ing the various visual defects by lenses with spherical 
and non-spherical (cylindrical and toric) surfaces. 
Useful lists of references are added at the ends of 
the chapters. One appendix explains the sign 
conventions adopted ; the other tabulates refractive 
irdex data for typical optical glasses and other 
materials. From the point of view of those most 
likely to benefit from this book, it is regrettable that 
the first volume of this edition should cost almost 
as much as the two volumes of the previous edition, 
but this is a handicap that the present-day student 
of any technical subject is hardly able to avoid. 





‘* AVIGEL ” PLASTIC COATING FOR METAL PARTS.—A 
new plastic composition specially designed as a protective 
coating for metal parts which might become corroded in 
transport overseas or during storage in this country, has 
been brought to our notice. The material is called 
Avigel and the parts to be protected are coated merely 
by a dipping treatment at a temperature of about 
170 deg. C.; the plastic melts at about 150 deg. C., and 
sets firmly on the article within a few minutes of removal 
from the bath. The coating produced is tough and 
resilient, but can be readily stripped from the object 
covered when desired. Avigel is stated to be quite harm- 
less and non-toxic, and “ peeled off” coatings con be 
remelted for re-use repeatedly The material is trans- 
parent and is available in several] tints, such as natural, 
green and red, Its density is just over 1, so that it is 
light and economical in use. Avigel is produced by 
Clear Glass Products, Limited, 16-18, Malvern-road, 
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BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 
(Continued from page 558.) 

Tae general discussion on the papers submitted 
to the Conference on Brittle Fracture in Mild-Steel 
Plates was continued by Dr. U. R. Evans, who 
said: One of the most significant paragraphs of 
Professor Baker’s important paper is that devoted 
to the dimensions of test pieces in bend tests. 
The facts quoted suggest that brittle fracture 
starts from imperfections as nuclei, and, once 
started, spreads, like an explosion, through the test 
piece, the stress concentration around the tip of the 
extending crack producing the necessary conditions 
for propagation. Whether a given imperfection can 
operate as a nucleus will, of course, depend on the 
temperature, since this will determine the chance of 
plastic relief. At any given temperature, the 
probability of a test piece including a suitable 
nucleus will increase with its dimensions, thus 

explaining the size effect, and also (in accord with 
well-established statistical principles) the lack of 
reproducibility in the critical range of conditions. 
If this is correct, it would seem to be a logical plan to 
carry Out statistical experiments cn large numbers of 
unnotched specimens at the transition range of 
temperatures, and to measure the probability of 
brittle fracture. It would be particularly important 
to determine whether this probability is proportional 
to volume or to area. If it is proportional to 
volume, then surface corrosion and surface imper- 
fections would seem to be excluded, even as con- 
tributory factors ;. otherwise, they must be taken 
into account. 

The effect of heat treatment on the probability of 
brittle fracture should also receive quantitative 
study, since this is known greatly to affect the proba- 
bility of fracture even at ordinary temperature. 
One particular mild steel, used for test. pieces in a 
certain research by Mr. A. U. Huddle, can, in the 
un-heat treated condition, be held at a stress just 
beyond the yield point indefinitely without fracture. 
If heated at 500 deg. C. for 20 minutes, it snaps with 
a brittle fracture when stressed to a point only about 
one-third of the yield point. Such cases are well 
known, but it seems to be thought by some that the 
brittleness engendered by heating mild steel is only 
temporary—disappéaring on cooling; that is not 
our experience. The matter possesses practical 
importance in view of the temperatures involved 
in the bending of ships’ plates. The picture of the 
situation suggested above would seem to explain why 
welded ships are more liable to catastrophic cracking 
than riveted ships. Brittle steel is not unknown on 
riveted ships. I came across instances of it about 
twelve years ago when I was examining the corrosion 
of rivets of canal craft, although, since it had no 
direct connection with the problem which I was asked 
to investigate, I gave it no close attention. It is 
understood that numerous cases are on record for 
different types of ships; but clearly, on a riveted 
vessel, it is unlikely that the crack, once started, 
would extend beyond a single plate. On a welded 
ship, particularly if the welder’s ideal of making 
the whole ship in effect a single structural member 
is achieved, the cracking, once fairly started, may 
extend over the whcle. Probably the weld lines 
do offer some obstruction, and this is a matter which 
should be investigated ; the effect of angle on the 
probability of « crack passing across a weld line de- 
serves study, since this may possibly suggest means 
of arresting cracks by alterations in ships’ design. 

If it is decided that the nuclei from which th the 
brittle fracture starts, even though situated intern- 
ally (as is evidently Professor Baker’s view), are 
themselves determined by the state of the surface, 
the question arises whether we should attach more 
importance to mechanically produced grooves -or 
fissures arising from corrosion. It would seem that, 
seeing that the safe stress of materials is well 
known, and the effect of stress concentration due 
to mechanical causes capable of calculation,t pre- 


and Part I 





* Part II appeared in the previous volume, 
in vol. 164 (1947). 

{In difficult cases, the application of photo-elastic 
methods to three-dimensional cases by Hetényi should 
prove useful ; see Journal of Applied Mechanics, 5, A149 
(1938). 


cautions against aunts mechanical breakdown 1 will 
normally, in good » have been taken. On 
the other hand, to the best of my belief, no allowance 
is made for corrosion fatigue, and no adequate steps 
taken to prevent it. As shown below, precautions 
which are inadequate may be worse than useless. 

To ascertain whether incipient corrosion fatigue 
can affect the ordinary tensile or impact properties 
of ‘steel, Huddle carried out in the Cambridge 
Corrosion Research Station a series of tests for the 
Tron and Steel Institute Corrosion Committee on 
specimens kindly provided by the arrangement of 
Mr. W. A. D. Forbes, of the Naval Construction 
Department. The corrosion- life in sea 
water was first determined by a large number of 
experiments, and then a further series was carried 
out, in two stages. The specimens were exposed 
to corrosion in sea water for some definite fraction 
of the corrosion-fatigue life, and were then sub- 
jected either to tensile or impact tests. It was 
discovered that, up to about 50 per cent. of the 
corrosion-fatigue life, ultimate tensile strength, 
elongation on fracture, and impact value (on an 
unnotched specimen) showed no deterioration, 
provided that the specimen had not been heated 
before the test. 

Experiments were then carried out on specimens 
which had been heated at 900 deg. C. for 15 minutes 
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before the tests and quickly cooled in an air-blast. 
The heat treatment reduced the corrosion fatigue 
life by about 25 per cent., but increased the impact- 
test value. Specimens subjected to corrosion 
fatigue for 50 per cent. of the new corrosion-fatigue 
life showed, in most cases, no serious loss of impact 
resistance, but one specimen (which had apparently 
developed a single prominent crack instead of several 
small ones) showed a sensational decline in the Izod 
number (from 58-9 to 10 ft.-lb.). Much more work 
is needed, but the results do suggest that corrosion 
fatigue can convert a ductile specimen to a brittle 
one. 

The work of Tchorabdji, carried out on wire for 
the scientific investigation of the mechanism of 
corrosion fatigue, has a bearing on the matter under 
discussion. Tchorabdji also performed two-stage 
tests. In the first case, the wire was subjected to 
corrosion fatigue in potassium-chloride solution, 
was then washed and dried, and the fatigue con- 
tinued at the same stress range, but in the absence 
of corrosive liquid. (It mattered little whether 
this second stage proceeded in a solution of potas- 
sium chromate, a good inhibitor of corrosion, or in 
air.) This second stage was continued until the 
specimen fractured, and the total life (the sum of 
the two stages) was plotted against the length of 
the corrosion stage. Since Tchorabdji worked 
below the fatigue limit, the life would presumably 
be infinite when the corrosion stage was zero. Very 
short values of the corrosion stage still left the total 
life very long, but when the corrosion stage was 
lengthened, the total life became extremely short. 

Then, at still larger values for the corrosion stage, 

the total life lengthened again, as though, after a 
certain period, the corrosive influence was less 
destructive than dry fatigue. 
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The sgiamitlinds is clear. Fairly short corrosion 
periods cause a few of the round pits to lengthen out 
into sharp cracks. While a crack is becoming 
sharper and sharper the E.M.F. will become higher 
and higher, and thus this particular crack will extend 
in preference to others in its neighbourhood. When 
the cracks become extremely sharp, however, the 
E.M.F. will cease to rise, and, since the resistance will 
increase as the cracks become deeper, a time will 
come when the original cracks extend slowly, and 
fresh cracks will begin to appear from neighbouring 
pits. Ifthe corrosion stage is stopped at the time 
when a few lone cracks have appeared at great 
distances from one another, the stress concentration 
will be very much greater than if the corrosion is 
continued until there are numerous cracks close 
together. From the practical point of view, 
Tchorabdji’s' work possesses significance, since it 
shows that a very brief interruption of otherwise 
effective protective measures may give a shorter 
total life than if no measures had been taken at all. 
Furthermore, his results indicate that, under the 
conditions producing the shortest life, we are dealing 
with pure mechanical fatigue in the later stages. 
Thus the engineer who reports that an effect is not 
due to chemical causes may, literally speaking, be 
accurate as regards the portion of the crack which 
he is able to observe (the part of the crack which was 
really due to corrosion fatigue may easily be obliter- 
ated by rusting which has taken place between the 
time of the breakdown and the time of the arrival 
of the specimen in the laboratory, as is indeed 
recognised in Mrs. Tipper’s paper). Nevertheless, 
although the engineer may be correct in stating 
that the fracture itself was mechanical, it is possible 
that it would never have started at all but for 
corrosion in the early stages. 

The situation shows how important it is to pay 
attention to corrosive influences in the early stages 
of breakdown, and particularly to introduce chemis- 
try into the engineering student’s curriculum, from 
which it is at present largely absent. If the argument 
tentatively put forward above is even partly correct, 
it will be desired to know whether corrosion fatigue 
can be prevented. Paints based on polystyrene 
richly pigmented with zinc dust (and giving coats 
containing 95 per cent. by weight of metallic zinc) 
have been developed at Cambridge by Mayne.* 
Tests by Huddlet have shown that at high frequency 
(1,335 r.p.m.) they multiply the corrosion-fatigue 
life of steel exposed to sea-water over five times ; 
at low frequencies, the improvement might be less. 
The point needing emphasis, however, is that these 
figures fall far short of the improvement which theory 
indicates to be possible and, given the opportunity, 
it is hoped that much better results than this could 
be achieved. There are certain electrochemical 
requirements to be fulfilled, and there may be some 
delay before success is achieved. It is believed, 
however, that experimentally the problem is not 
insuperable, The main difficulties are not experi- 
mental, but concern matters of organsiation—such 
as adequate technical assistance. 

Dr. A. H. Goodger said: I represent engineering 
lusurance companiés, and we examine quite a large 
number of pressure containers of all types and sorts 
of construction. I can say categorically that I 
cannot put my finger on any case of a riveted pressure 
container which has failed by a true brittle-fatigue 
fracture in service or standing, or in any other way, 
but failures of pressure containers which have had 
welding applied to them are quite numerous. 
Brittle failures are almost as important to us as 
they are to shipbuilders, because to-day we are 
being faced with the production of large pressure 
containers for storage of high-pressure gases, such as 
hydrogen or coal gas, and the failure of a container 
of that sort is fraught with serious consequences. 
Within the last twelve months, I have been asked 
by a firm which was constructing such a pressure 
container whether I could give them any assistance 
with regard to the tests to apply to the materials 
and to their methods of manufacture, to prevent 
brittle failures on the pressure container, such as 
have occurred. We have to persuade the steel 
makers to give us certain tests. We have had many 





* U. R. Evans, Met. Ind., vol. 67, page 114 (1945). 
+ A. U. Huddle and U. R. Evans, J. Tron and Steel Inst., 





vol. 149, page 109(P) (1944). 
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failures in riveted containers due to fatigue or 
corrosion fatigue, but no pure brittle failures of the 
type we are discussing, which have occurred in 
welded containers. One condition which we have 
found which produces this is rigidity ; a number of 
them are related to locomotive-type fireboxes. 
Fig. 12, opposite, shows the front casing plate of a 
locomotive-type firebox. It is flanged round the 
edges so that it is rigid, and it has stay-holes, and in 
some cases these stay-holes have been welded to 
make them good after service. Each stay-hole is 
welded by arc welding and drilled out afterwards. 
In one case, the plate was being put in position 
at the end of the boiler when it fractured suddenly 
2 ft. 6 in. down from the fire-hole door. The 
fracture did not go through the welds, the stay-holes 
or any of the cracks, but it definitely happened after 
welding. In another case, a crack appeared in the 
way shown in Fig. 13, in the side-plate of a firebox 
where the stays had been welded. In that case, 
one of the stay-heads was being chipped by an 
ordinary hand chisel. In another case, an inspector 
was inside the firebox, doing nothing at all, or at 
any rate nothing to produce an impact, when a 
crack suddenly appeared. We find that the condi- 
tion of a large number of isolated areas of welding 
applied to a rigid plate is liable to cause failure of 
this order. Inside a boiler drum there may be 
corroded areas or something else that requires 
welding ; we find that welding may be applied at a 
certain point and a crack may start some distance 
away, not connected with the welding and not seek- 
ing the easiest path, but apparently being generated 
by residual or internal stress set up by the welding. 

An interesting case of this type may be cited. In 
one of the Manchester power stations there is a pipe- 
line which has been in service for 20 years, with 
riveted flanges, riveted on to the pipe with a caulking 
ring. These have given trouble in the whole life 
of the installation by leakage, but recently all the 
heads have been welded. One pipe which had all the 
heads welded over, was standing after finishing, 
and it cracked where shown in Fig. 14. It did not 
crack through the rivet holes or the welding, but 
through the base of the old mild-steel flange. Two 
of those flanges have gone in one week, yet no 
cracks have ever been seen in the flanges during the 
service of the pipe-line. The temperature inside 
the power station is 85 deg. F. These are not cold 
brittle failures. 

I think that there is something in the third form 
of test-piece, referred to by Commander MacCut- 
cheon* ; something like that is what we want. I 
have the feeling that the test-pieces which we use 
to obtain fundamental information are too simple 
for correlation with engineering jobs. Take the 
creep test-piece ; we use a perfectly polished test- 
piece, axially loaded, to give information on designs 
of the most complicated order, and I do not think 
that it gives us the information that we want. 
I believe that Mr. Bardgett has tried some test- 
pieces for creep tests which are not polished or 
axially loaded and which have given considerably 
different results. If the shape of the test-piece 
is altered you may find that brittle fractures will 
occur at much higher temperatures than normally. 

There is another point which must be considered. 
What initiates these failures? Some people say 
they are impact, and some people say that they are 
residual stress, but this firebox plate which is shown 
in Fig. 12, did not have any loading. In most of 
the cases to which I refer, the initiation has been 
internal, inside the specimen itself. Notches are 
certainly present, but I cannot imagine that, at 
the bottom of any notch, we can get the large amount 
of distortion to start with which is essential on the 
other test-pieces. I think you will be very wise if 
you collect information on all sorts of brittle failures, 
and do not limit them to ship plates. Information 
can be obtained with regard to forgings. Forgings, 
lying on the floor of a shop have been known to 
crack spontaneously, and the forgemaster never 
leaves his forgings without stress-relieving them, if 
he can afford to put them in the furnace. In the 
case of welded containers, I cannot remember a 
single case of a brittle fracture which has occurred 
after stress relieving has been applied. 

(To be continued.) 


* ENGINEERING, vol. 165, page 77 (1948). 








ENGINEERING. 


581 








METALLIC CORROSION BY 
MICRO-ORGANISMS.* 


By T. Howarp Rogsrs, D.LC., A.I.M. 


Or recent years, many of those who have investigated 
the problem of metallic corrosion have had reason to 
suspect that bacteria, moulds, and other living organ- 
isms can play a part in such action. Corrosion by 
bacterial action can be brought about in various ways : 
(a) by direct action, for example, by the production of 
corrosive substances such a® carbon dioxide, hydrogen 
sulphide, ammonia, organic or inorganic acids; (b) by 
the metabolism of the bacteria, producing organic 
products which can act as depolarisers or catalysts of 
corrosion reactions; and (c) in cases similar to the 
anerobic corrosion of iron, by the activities of the 
sulphate-reducing organisms, where under some condi- 
tions the corrosion reaction is an integral part of the 
metabolic cycle of the bacteria. These divisions are 
arbitrary, and overlapping must be expected to occur, 
but they are used here for convenience. 

Colonies of bacteria producing substances under (a) 
may be in close contact with the metal surface, growing 
in almost stationary slimy deposits, and in this case 
the necessary concentration of corroding agent is often 
maintained only in the locality of the colony, and may 
be undetectable in the surrounding water or soil. 
Bacteria causing corrosion in this way, need only pro- 
duce very small quantities of a corrosive product for 
localised attack to become very severe. Moreover, the 
colony, although not producing any markedly corrosive 
substance, may act as a deposit, so setting up a differen- 
tial oxygen cell or causing an unequal distribution of 
electrical potential, giving rise to local anodes and 
cathodes. 

In other conditions the corroding medium may be 
generally infected with the offending organisms, and 
if they produce substances which are able to catalyse 
corrosion reactions, it is possible for the medium to 
remain abnormally corrosive even after the bacteria 
have died, become dormant, or been removed. This 
paper describes many experiments, using pure and 
mixed cultures of bacteria isolated from contaminated 
waters, both fresh and marine, which show that under 
some conditions colonies of certain bacteria can in- 
crease considerably the corrosive attack on metals. It 
also shows that substances known to be produced by 
bacterial metabolism can cause accelerated corrosion. 

A suitable test for the corrosive action of bacteria 
must comply with both corrosion and bacteriological 
requirements, and a technique had to be developed 
for maintaining active colonies for long periods in 
stationary slimy deposits on the surfaces of metal tubes 
or specimens. The method introduced in 1921 by 
Grant, Bate, and Myers, in Australia, did not prove 
satisfactory for long-period tests, and a new technique 
was developed which (a) enabled the bacterial colony 
to be fed and maintained in close contact with the 
metal, and (6) prevented desiccation of the colonies 
even over long periods. A flat circle of agar 1 in. in 
diameter by } in. deep was cut into two semi-circular 
halves and the two halves set in a petri dish about } in. 
apart. The tops of these half circles were inoculated 
with selected bacteria and used as a base for the 
colonies. A small specimen of the metal to be tested 
was placed on top of these semi-circles of agar after 
the colonies had been allowed to develop for 24 to 
48 hours, and the petri dish filled with sufficient liquidt 
to cover the agar and the test-piece. By this means 
contact between the metal and the colony was effected ; 
the division between the half circles giving free access to 
water and air; toxic salts could diffuse out, and the 
fluid could be pipetted off and replaced under sterile 
conditions as required. 

Early work showed that colonies of some bacteria 
and also moulds growing in contact with 70: 30 brass 
were able to accelerate corrosion and cause deep pits 
underneath the colonies. Results were variable, and 
many colonies quickly died out, which was not sur- 
prising as copper salts, the normal corrosion products 
of brass, are usually toxic to bacterial growth. That 
some bacteria could tolerate a high concentration of 
copper salts was obvious, as organic matter was present 
within many of the pits. This factor is especially 
important in stagnant conditions, but may not be so 
significant where the corrosion products are being 
washed away by flowing water. It was found that 
many of the cultures isolated from an estuarine water 
showing abnormal corrosion properties could with- 
stand concentrations of copper salts much higher than 
that usually stated in the literature to be lethal to 
micro-organisms. Several of the non-sporing types 





* Communication from the British Non-Ferrous 
Metals Research Association, London, entitled, “‘ The 
Promotion and Acceleration of Metallic Corrosion by 
Micro-Organisms,”’ presented to the Institute of Metals, 
and on which written discussion is invited. Abridged. 

+ Sterile water with and without added nutrients. 


isolated could withstand concentrations of copper higher 
than 100 part* per million. 

The series of cultures isolated from estuarine water 
known to be corrosive, and also a culture obtained from 
the pitted area of a piece of metal corroding in sea 
water in the jet impingement apparatus*, were tested 
by the technique mentioned above. The fluid used for 
flooding the petri dishes was sterile sea water and the 
test metal 70:30 brass. It was found that in many 
cases appreciable corrosion took place underneath the 
colonies in as short a time as 28 days. 

Efforts were made to increase the rate of attack due 
to the bacteria by adding to the sea water substances 
which would act as foodstuffs for them and so increase 
their activity. Earlier work had that 
organic acids produced as a result of the breakdown 
of sugars have an influence on corrosion in sea water, 
and in one series of experiments mannitol together 
with asparagine, as a source of nitrogen, were added 
to the sea water. The specimens showed severe attack, 
the measured depth of the pits being from two to ten 
times as great as that obtained in the previous tests, 
Some of the specimens showed a protective film, but 
it had often been broken down, and in these cases 
attack had continued underneath the film, which 
flaked off when touched with a needle, revealing a 
deep pit. The fact that the addition of mannitol to 
sea water made such a great difference to the magni- 
tude of the attack is of interest because mannitol is a 
constituent of many seaweeds, and although its presence 
in the open sea is doubtful, it is highly probable that 
estuarine waters will at times contain this substance 
and also that inshore water will contain organic acids 
or their salts derived from its breakdown. 

In practice the influence of bacteria on corrosion 

usually occurs in conditions of flowing water, and it 
was thought that changing the liquid during the tests 
would accelerate attack, by removing from the solution 
some of the copper salts which, even if not toxic, 
interfere with film formation on the metal. Tests were 
therefore made in which the liquid was changed during 
the course of the experiment. The first change was 
made three days after inoculation and the second after 
a further seven days; the test was then left until the 
full 28 days had elapsed before examination was made. 
Clearly, changing the liquid increased the corrosion. 
_ Samples of water have been taken from the jet 
impingement apparatus and estimates made of the 
bacterial numbers. These counts have shown that the 
sea-water samples received’ into the laboratory vary 
greatly in bacterial population and in the type of 
bacteria present; nor does the bacterial population 
remain constant during storage. It has also been 
shown that the bacterial population of the jet impinge- 
ment apparatus will vary during a run. The work 
suggested that a high bacterial count does not neces- 
sarily imply that the water will be exceptionally 
corrosive, but that the presence, in the water, of bacteria 
forming viscid or slimy colonies will usually be asso- 
ciated with anomalous results in corrosion tests. It 
was shown that many of the bacteria found in the sea 
waters used in jet tests could be inhibited by the use 
of the dye gentian violet. Addition of this dye to 
sea waters used for jet-test runs controlled most forms 
of bacterial attack, but occasionally abnormal results 
were obtained which were attributed to a resistant 
strain of bacteria developing preferentially in the 
presence of this dye. 

These experiments showed that bacteria are capable 
of having an effect in corrosion by sea water. How 
the bacteria accelerate corrosion was not immediately 
obvious, but the work has made certain suggestions 
possible. The present author’s theory is that the 
acceleration of corrosion by bacteria, under these 
conditions, is mainly due to the presence of hydrogen 
acceptors and oxidation-reduction systems set up 
during bacterial metabolism. It is suggested that the 
presence of mannitol accelerates corrosion because, 
during its fermentation by the bacteria, hydrogen 
acceptors capable of causing depolarisation are pro- 
duced. That the bacteria used in these experiments 
did contain enzymes capable of activating hydrogen 
and catalysing dehydrogenation reactions was proved. 

A few investigations were made on the corrosive 
action of moulds. When the moulds were grown on 
gelatine on the surface of brass plates, deep pits were 
rapidly and regularly produced by the common moulds 
of the atmosphere. In this case the attack was most 
probably seen by phages ion to the metal of the 
organic acids known to be produced during the growth 
of many moulds. Many bacteriological centatdlone 
have been carried out concurrently with runs of the jet 
impingement apparatus. Several times it has been 
shown that severe corrosion is associated with infec- 
tions of bacteria and moulds of a type which will 
cause attack when tested under stagnant conditions. 

(To be continued.) 





* Developed by Mr. R. May. See Jl. Inst. Metals, 
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MANUFACTURE OF HOFFMANN 
BALL AND ROLLER BEARINGS. 
(Concluded from page 561.) 


In two previous articles the production and inspec- 
tion of balls, rollers, and races have been described, and 
it was explained how the outer races of a particular 
nominal size are separated into groups differing in track 
diameter by increments of 0-0001 in., and how the inner 
races are then ground to suit. After being separated, 
the outer races of a particular batch will probably be 
found to be spread over a series of perhaps five or so 
groups varying by 0-0001-in.; the central groups will 
probably contain the greatest number of races, and the 
groups on each side will contain less and less as they 
become more remote from the central group, in accord- 
ance with the Gaussian, or Normal, curve. The tracks 
of the inner races are ground to a similar series of 
groups with appropriate allowances for diametric or 
running clearance of the balls or rollers in the tracks. 

Ball and roller journal bearings are made with three 
different ranges of diametric clearance, which are known 
as “0,” “00” and “000” fits. Ball bearings with 
““Q” fit have the smallest diametric clearance, which is 
nil for very small bearings, increasing up to 0-001 in. 
for 22-in. diameter bearings. These bearings are only 
used where freedom from all shake is required in the 
assembled bearing, and where there is no possibility 
of the clearance being eliminated by a tight fit of the 
races in the housings or on the shafts, or by any other 
cause. Ball bearings with “00” fit are suitable for all 
general applications, and this fit can be regarded as 
the standard fit. The clearance is from 0-0003 in. for 
smali bearings to 0-008 for the largest bearings. Roller 
bearings require slightly more clearance than ball 
bearings, and the “00” fit for them is regarded as 
equivalent to the “0”’-fit ball bearing. The standard 
fit for roller bearings used in general engineering is the 
“000” fit. It is always specified when the inner and 
outer races are made a heavy interference fit on the 
shaft and in the housing, respectively, or when heat 
may be transmitted to the inner races. The fit of all 
bearings, except the “000” roller bearings, is marked 
on the face of one of the races. 

In the assembly of races and balls there is one other 
variable to consider: the exact sizes of the balls. A 
batch of balls of a particular nominal size is segregated 
into “high” (nominal + 0-0001 in.), “ standard” 
(nominal), and “low” (nominal — 0-0001 in.) sizes. 
A set of balls of any of these three sizes can be inserted 
between the inner and outer races. Thus, although the 
inner races are ground to suit the outer races with 
appropriate allowances for diametric clearance and the 
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Fig. 34. 


class of fit (“‘ 0,” “00” or “ 000’), when the assembly 
stage is reached the actual diametric clearance allowed 
in the bearing is finally determined by choosing one of 
the three sizes of balls. This is done in an operation 
known as “ proving of fits,” by girls, one of whom is 
shown engaged in this operation in Fig. 32. The inner 
and outer races are laid out on a bench, each pile being 
races of a particular ‘‘ group ” size. An inner and an 
outer race are laid on a steel block, and a set of special 
balls is inserted between the tracks. These cial 
balls are larger than standard to the extent of half the 
desired diametric clearance. The fit is tested by push- 
ing each ball round by a thin rod, and an experienced 
operator is able to judge by sense of touch whether 
“high,” “standard ” or “ low ” balls are required. 
Each pair of races is marked “0,” “00” or “ 000,” 
and the size of ball is noted for final assembly. 

The production of ball- and roller-bearing cages 
follows straightforward pressing and machining practice. 
It presents no unusual problems, and, as there are so 
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many different types of cages, it would be tedious to 
describe all the processes of manufacture. Cages are 
either pressed from steel or brass strip, or, in the larger 
sizes, machined from free-machining brass or bronze 
bar or thick-walled tube. In the latter case, the 
spaces for the balls or rollers are drilled out of the 
solid, using a jig or dividing head to ensure the correct 
pitch. Fig. 33 shows a multi-spindle machine drilling 
the rivet holes in a partly-machined cage. 

The races, balls or rollers, and cage are assembled 
ye hand, but the rivets, consisting of short lengths of 
plain steel wire, are inserted in the holes in the cage by 
a machine. They are riveted over at both ends by a 
machine (of Hoffmann manufacture), which is shown 
in Fig. 34. The bearing rests on an adjustable support, 
and the wire is pressed between a fixed anvil and a 
movable anvil. The operator has only to press a lever 
to cause the anvil to move, and simultaneously an 
electric current applied across the anvils heats the ends 
of the rivet. 
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‘The processes of manufacture, tolerances, fits, etc., 
of Hoffmann ball and roller bearings have now been 
described. They are not to be taken as universally 
applicable, because there are numerous variations, 
according to the type and size of bearing, which it 
would be tedious to describe in detail. Similarly, there 
is no point in describing many obviously necessary 
processes which are not peculiar to ball- and roller- 
bearing manufacture. Various departments of the 
works are engaged on making balls in steel, phosphor 
bronze, etc., for other uses than in bearings. Rollers 
are also sold for use as measuring standards, and very 
‘small steel balls are used in certain modern types of 
fountain pens. There is also a testing and experimental 
department where bearings are subjected to endurance 
tests under controlled conditions of load, speed and 
lubrication. The packing and dispatch departments 
deal with large quantities of bearings, etc., most of 
which have to be prepared in small quantities. 

As mentioned on page 535, ante, the Hoffmann 
Manufacturing Company, Limited, celebrate this year 
the fiftieth anniversary of the foundation of the firm. 
The company was registered in 1898 for the purpose of 
acquiring and developing the patents held by Mr. E. G. 
Hoffmann, of the Hoffmann Machine Company in the 
United States. At that time, balls were turned, not 





forged, and the grinding processes were rather primitive. 
The works was established on a site of less than 4 acres, 
but was enlarged prior to and during the 1914-18 
war. In 1915, an article* appeared in this journal 
describing the works and the manufacturing processes in 
use at that time. Since then, the works have been 
enlarged considerably, some additions and alterations 
having been made in recent years. The total ground 
area occupied is now more than 26 acres. 

In the older part of the works there are now various 
offices and stores, and departments for ball lapping, 
roller lapping, tumbling, ball and roller viewing, drilli 
cages, toolmaking and tool hardening, the manufacture 
of grinding wheels, testing and experimental work, and 
planning and progress. The hardening and bprcaneenp. | 
shop is unusually large. A recent 8g of part o 
it is reproduced in Fig. 35, on this page. The furnaces 
are fired by gas, which is produced in the company’s 
own plant, and the temperature of each is recorded in 
and regulated from a central control room. The main 
grinding shop, a view of part of which is given in Fig. 36, 
is another unusually large shop of its type. The pro- 
minent machine in Fig. 36 is a 24-in. Bryant internal 
grinder, shown in use for grinding the bore of an inner 





* See ENGINEERING, vol. 99, page 533 (1915). 








race. The more recent extensions to the works consist 
of single-storey buildings housing the automatic and 
second-operation machine department; the ball and 
ring forge; “line” hardening, grinding, final viewing 
and assembling departments ; a machine shop and mill- 
wrights’ shop, etc. Reference has been made to some 
Hoffmann machines in these articles. The firm build 
a considerable number of machines to their own designs 
to suit their special requirements. 

The-number of employees, many of whom are women 
and girls, is now about 5,400. During the war, when 
the firm was engaged on the production of munitions in 
addition to bearings, which were themselves in very 
great demand, the number of employees rose to 9,478. 
Some conception of the productive capacity of the 
factory may be gained from the fact that during the war, 
from September 1, 1939, to April 30, 1945, nearly 
2,500,000,000 balls and rollers were produced. This 
.—-* an average output of 1,270,000 balls and 
rollers a day. In the same period the total steel used 
for races, balls, rollers, etc., was over 51,000 tons, or 
about 26 tons a day. 

In concluding this account of Hoffmann methods we 
should like to thank the directors and management of 
the firm for the facilities they arranged for us. The 
production of such large quantities of very accurately 
finished components is an interesting engineering 
problem which has long since been solved, but improve- 
ments are always being sought. The early troubles 
experienced with ball and roller bearings have likewise 
disappeared, but it will always be necessary for engineers 
to provide mountings which are commensurate with 
the accuracy and careful design of the bearings. 





BAKELITE SCALES AND SLIDE 
RULES. 

THE desirability of using scales and slide rules the 
accuracy and stability of which are not affected by heat 
or humidity is so obvious as hardly to need stressing. 
Considerable interest therefore attaches to a range of 
these instruments made of laminated Bakelite now 
being produced by Messrs. Blundell Rules, Limited, 
Luton. The compressed laminations, which are of 
extreme thinness, form the “blank” of the scales 
or rules and to this blank is fused a synthetic resin 
giving a pure white surface on which the scales and 
conversion data are engraved. This surface is dense 
and hard and is, it is claimed, resistant to knocks, 
grease and water. It is stated that the tensile strength 
of the material used in the construction of these scales 
and rules is comparable with that of steel, while its 
cross-breaking strength is high and it is not brittle. It 
does not require ageing before stability is achieved and 
it is impervious to rot, insects and corrosion. Another 
feature is the tensioning device, which has been included 
in the longer slide rules, to enable the slide to be 
adjusted by two accessible springs. As the 6 in. 
slide rule is too small for this device to be used, small 
brass studs are fitted to ensure the correct grip between 
the body and the slide. 

The qualities of these scales may be emphasised by 
reference to some tests which were made at the National 
Physical Laboratory to determine the changes in their 
lengths with the changes in atmospheric humidity. 
These tests, which extended over three weeks, were 
made with a Bakelite scale the overall dimensions of 
which were 12{ in. by 1% in. by 4 in., the graduations 
being made on strips of white material about 0-004 in. 
thick. For purposes of comparison, three other scales, 
two of boxwood and one of boxwood with ivorine 
edges, were subjected to test simultaneously. Of the 
two boxwood scales one was new and the other had 
been in use for a number of years, but both were of 
good straight grain. All three scales were of the same 
general dimensions as the Bakelite scale and were sub- 
jected for six days to an atmosphere the relative 
humidity of which was 95 per cent. They were then 
immediately transferred to an atmosphere with a rela- 
tive humidity of 25 per cent. for 13 days and finally to 
an atmosphere with a relative humidity of 95 per cent. 
for three days. During the tests at a relative humidity 
of 25 per cent., the scales were placed in a room with a 
temperature of 90 deg. F., but were allowed to regain 
normal room temperature before the nieasurements 
were made. The dimensional changes on each type of 
scale were recorded daily and the results were summar- 
ised by totalling the range of variation. This variation 
was 0-003 in. in the case of Bakelite, 0-017 in. dnd 
0-014 in. for the new and old boxwood, respectively, 
and 0-033 in. for the boxwood-ivorine. According to 
the report these results show that the Bakelite is 
considerably superior both to boxwood and boxwood- 
ivorine and that the small changes which occurred in 
it took place in the first day or so. Five days in the 
humid atmosphere were not sufficient to allow the 
boxwood-ivorine scale to reach its ultimate length and 
it is considered probable that if the tests had lasted 
longer its range of variation would have been greater 
than 0-033 in. 
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ORIENT LINE TWIN-SCREW 
PASSENGER LINER “ ORCADES.” 


THE new passenger liner, the Orcades, a photograph 
of which is reproduced in Fig. 1, on this page, left on her 
maiden voyage to Australia on Tuesday, December 14. 
The Orcades was built at the Barrow-in-Furness yard of 
Messrs. Vickers-Armstrongs Limited, for the Orient 
Steam Navigation Company, Limited, and is the largest 
passenger liner built so far at Barrow. This is the 
third vessel to be so named, her immediate predecessor 
having been sunk as the result of enemy action during 
the last war. The present vessel, however, is con- 
siderably larger and has greater speed and is expected 
to reduce the time taken for the voyage between 
England and Melbourne from the pre-war time of 36 
days to 28 days. The new Orcades is different in several 
respects from previous Orient Line ships, the most 
noticeable feature being the location of the navigation 
bridge. As will be seen from Fig. 1, this is farther 
aft than usual and is integral with the funnel super- 
structure and a single tripod mast, the whole effect 
being reminiscent of a naval control tower. Two 
classes of passenger only are accommodated, namely, 
first class and tourist B class, the accommodation 
having been planned so that the former occupy the 
*midships spaces and the latter the spaces aft of the 
engine casing. 

The vessel has been constructed in accordance with 
the latest requirements of Lloyd’s Rules and has 
obtained the highest-class certificate. The length 
overall is 708 ft. 8 in., the moulded breadth 90 ft. 6 in., 
and the depth moulded to “ E ” deck 50 ft., while the 
gross registered tonnage is approximately 28,200. 
Eight continuous decks, designed “ A” to “ H ” inclu- 
sive, are arranged for the use of passengers and crew, 
and the vessel has been sub-divided below “ F” deck 
into a series of compartments by 12 watertight bulk- 
heads. There is a continuous double bottom, which is 
divided both longitudinally and transversely into a 
large number of separate compartments for the storage 
of fresh water, boiler feed water, oil fuel and water 
ballast ; in addition, a series of tanks has been arranged 
port and starboard up to “ G ” deck, thereby providing 
a double skin up to the water line for the length of 
the machinery spaces. Electric welding and prefabri- 
cation of such parts as bulkheads have been employed 
extensively throughout the construction of the vessel. 

The vessel is propelled by twin screws, each of which 
is driven by a set of Parsons-type triple-expansion 
geared turbines. The turbines and associated reduction 
gears were built by Messrs. Vickers-Armstrongs and 
have been designed to give a normal total output of 
34,000 shaft horse-power at a propeller speed of 130 
r.p.m. and an overload power of 42,500 shaft horse- 
power at a propeller speed of 140 r.p.m. The high- 
pressure turbines are of the impulse-reaction type, 
each comprising a two-row impulse wheel forged 
solidly with the rotor, followed by 29 rows of end- 
tightened reaction blading, the latter being fitted 
segmentally with mild-steel packing and Lowmoor-iron 
side-locking strips. The intermediate-pressure turbines 
are of the all-reaction type, each having 35 rows of 
blading which is end-tightened and fitted segmentally 
to the rotor, the latter being of the hollow-forged drum 
type. The low-pressure turbines are of the double- 
flow type, each half comprising 11 rows of reaction 
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blading. The astern turbines are of the impulse type 
and are capable of developing not less than 65 per cent. 
of the normal ahead power of 34,000 shaft horse-power. 
They comprise a high-pressure three-row impulse wheel 
of separate construction shrunk on to each inter- 
mediate-pressure rotor shaft and incorporated within 
the turbine ings, and a low-pressure three-row 
impulse wheel secured to the forward end of each 
low-pressure ahead rotor. Two photographs of the 
port set of turbines and reduction gearing, which were 
taken in the shops of Messrs. Vickers-Armstrongs, are 
reproduced in Figs. 4 and 5, on page 588. 

The reaction blading is made from Monel metal and 
the impulse blading from, Macloy steel. Because of the 
high initial steam temperature, the casings for the 
high- jure ahead turbines are manufactured from 
a molybdenum-alloy cast steel, while the intermediate 
pressure and low-pressure turbine casings are of cast- 
steel and cast-iron construction, respectively. All 
impulse nozzle plates are of cast steel with vanes af 
Firth-Vickers Macloy steel cast in situ. Thrust dum- 
mies are fitted to both the high-pressure and inter- 
mediate-pressure ahead turbines and any unbalanged 
axial thrust is carried by Michell thrust bearings. 
Aspinall cut-out governors are fitted to all turbines, and 
arrangements have been made for the steam to be 
shut off automatically should the pressure of the 
lubricating oil fall to a dangerous level. As a further 
safeguard, an electrically-operated alarm is fitted to 
the adjusting blocks, the alarm being arranged to ring 
a bell and show a red warning light when the white 
metal of the blocks has worn a predetermined amount. 
Steam glands of the double-pocket type are fitted to 
each end of all turbine casings, the inner pockets being 
connected to suitable receivers and the outer pockets 
to gland-steam condensers. Two of the latter, of 
Messrs. Weir’s manufacture, are provided, each of 
which is capable of dealing with all the vapour from 
one set of turbines and maintaining a sufficient vacuum 
to ensure evacuation of all gland pockets. 

Each turbine is connected to the gearing by a 
flexible coupling of the claw type. The gearing for 
each high-pressure turbine is of the double-reduction 
type and comprises an independent primary gear 
driving a pinion which engages with the main wheel. 
The gearing for the intermediate- and low-pressure 
turbines, however, is of the single-reduction type. 
The primary gears for each high-pressure turbine are 
enclosed in separate cast-iron gearcases which are 
bolted to the main gearcases, also of cast-iron con- 
struction. The pinions are made from nickel steel and 
the pri wheels from steel forgings, while the main 
gear wheels are of cast iron with forged-steel rims 
shrunk in position. The high-pressure turbines run at 
3,600 r.p.m. and the intermediate- and low-pressure 
turbines at 1,931 r.p.m., the gear ratios being such 
that the propeller speed is 140 r.p.m. when the turbines 
are devdegies a total of 42,500 shaft horse-power. 
Lubrication of the turbines and gearing is provided 
by three electrically-driven pumps, two working and 
one stand-by. The pumps are of Messrs. Drysdale’s 
Vertoil type and each is capable of delivering 25,000 
gallons an hour against a discharge pressure of 55 lb. 
per square inch. The pumps deliver the oil through a 
pair of Auto-Klean strainers and two Serck oil coolers 
to two gravity tanks, the capacity of which is sufficient 
to ensure a ten-minute supply of oil should pump 





failure occur. Two Alfa Laval centrifugal lubricating 
oil purifiers with steam heaters are provided, each of 
which can purify 250 gallons of oil an hour. 

The two main condensers are of Messrs. Weir's 
Regenerative type, the total cooling surface being 
35,000 sq. ft.; this is sufficient to maintain a vacuum 
of 27? in. with a sea temperature of 86 deg. F. The 
condenser. bodies are constructed from mild steel, 
while the tubes are of aluminium brass and have an 
external diameter of } in. There are four motor- 
driven main circulating pumps. These were supplied 
by Messrs. W. H Allen, Sons and Company, Limited, 
Bedford. Each pump is driven by a 155-h.p. motor 
and is capable of delivering either 12,000 gallons of 
sea water per minute against a total head of 26 ft., 
or 16,000 gallons per minute against a total head of 
20 ft. The main shafting is machined from solid mild- 
steel forgings, the diameter of the intermediate shafting 
being 21% in. The propeller shafts have a diameter 
of 23§ in. and are fitted with continuous gunmetal 
liners, while the propellers, which are of manganese 
bronze and were supplied by Messrs. J. Stone and 
Company, Limited, have a diameter of 19 ft. The 
thrust blocks and tunnel-bearing blocks are of the 
Michell self-lubricating pivoted type. 

Steam for the turbines is supplied by two large and 
two smaller water-tube boilers of Messrs. Foster 
Wheeler’s controlled-superheat design. The normal 
evaporation of each larger boiler is 165,000 Ib. per 
hour, while that for each smaller boiler is 85,000 lb. 
per hour; apart from the size, however, the boilers 
are identical. Each. boiler comprises a large upper 
steam drum below which are situated the main water 
drum and an intermediate water drum, the intermediate 
drum being on the same level but located outboard from 
the main water drum. The main tube bank, in which is 
located the superheater, and the uptake are situated 
inboard and the furnace is divided into inboard and 
outboard sections by a substantial bank of water tubes, 
known as the intermediate bank, which extends from 
the steam drum down to the intermediate water drum. 
The two sections of the furnace so formed are heated 
by separate banks of burners, there being five burners 
for the inboard furnace and three for the outboard 
furnace, and it will be appreciated that as the gases 
reaching the superheater from the outboard furnace 
have to pass through the intermediate bank of tubes 
on their way to the uptake, they will be cooler than 
those coming from the inboard furnace. Control of 
the superheat can be obtained, therefore, by altering 
the ratio of fuel burnt in the separate furnaces, it being 
possible by this method to vary the temperature of the 
gases entering the superheater over a wide range. 

In addition to the main and intermediate banks of 
tubes, the steam drum is connected to each end of the 
main and intermediate water drums by large external 
downcomers which ensure that adequate water is fed 
to each bank of generating tubes. The roof, side and 
back of the outboard furnace are cooled by tubes 
expanded into the steam drum at the top and into 
separate headers at the bottom, the headers, in turn, 
being connected by tubes to the intermediate water 
drum ; the tubes are arranged below the floor. Similar 
measures are adopted for cooling the inboard furnace, 
but in this case there are no tubes for cooling the roof. 
The superheater is of the convection multiple-pass 





type and consists of a series of concentric U-bend 
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elements expanded into headers located at the rear 
of the boiler, the elements being arranged so that 
there is a continuous slope from inlet to outlet; as a 
consequence, they are self-venting and self-draining. 
Internal partition plates welded into the headers 
provide the required number of passes for the steam, 
the partition plates being perforated so as to allow 
for venting and draining. The superheater elements 
are supported by a series of plates which are perforated 
to receive the tubes and extend the full height of the 
superheater bank. The support plates, in turn, are 
carried by two large water tubes, the ends of which are 
rolled into the steam and main-water drums. 

All boilers are fitted with Foster extended-surface 
economisers manufactured by Messrs. E. Green and 
Son, Limited, Wakefield. The U-bend elements are 
fitted with aluminium gills, the elements being arranged 
in banks at the bottom of the uptakes. The economi- 
sers are designed for a feed-water inlet temperature of 
280 deg. F. and an outlet temperature of 400 deg. F., the 
feed water entering theeconomisers at the top and flowing 
downwards in contraflow to the gases. Airheaters are 
lotated in the uptakes above the economisers; these 
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are of the vertical-tubular type and are provided with 
by-passes for use when steaming at slow speeds or in 
harbour. The air-heating surface for each large 
boiler is 12,000 sq. ft. and for each smaller boiler, 
5,800 sq. ft. The boilers are arranged to burn oil fuel 
under a system of forced and induced draught. Each 
large boiler is provided with electrically-driven forced- 
and induced-draught fans capable of delivering 54,000 
cub. ft. per minute against a pressure of 6-9 in. of 
water, and 75,000 cub. ft. per minute against a pressure 
drop of 7-75 in. of water, respectively. The fans have 
been made by Messrs. James Howden and Company, 
Limited, while the motors were supplied by Messrs. 
W. H. Allen, Sons and Company, Limited. Similar 
arrangements have been adopted for the smaller boilers, 
but in this case each forced-draught fan is capable of 
delivering 28,000 cub. ft. per minute against a pressure 
of 6-3 in. of water and each induced-draught fan 
38,000 cub. ft. against a pressure drop of 6-3 in. of water. 

The boilers are designed for a working pressure of 
525 lb. per square inch at the superheater outlet while 
the superheat temperature can be controlled from 
approximately 600 deg. F. to a maximum of 850 deg. F. 





The total generating surface for each large boiler is 
24,180 sq. ft. and the superheat heating surface 
2,515 sq. ft., while for each smaller boiler these figures 
are 15,605 sq. ft. and 1,960 sq. ft., respectively. The 
normal total fuel for each large boiler is 12,000 lb. per 
hour, and for each small boiler is 6,200 Ib. per hour. 
A Weir float-opera alarm is fitted to boilers, 
the alarms being arr to shut down the oil burners 
should the water in the steam drum fall to a dangerously- 
low level. Weir's closed-feed system is employed, 
there being a total of four turbine-driven feed pum 
one of which is for use in harbour. The oil-fuel 
installation comprises two electrically-driven Wall- 
send Duplex pumping and heating plants, each pump 
and heater being capable of delivering 14,000 lb. of 
fuel an hour against pressures of up to 300 lb. per 
square inch; the pumps are of Messrs. Stothert and 
Pitt’s rotary-displacement type. 

With the exception of the feed pumps, the entire 
auxiliary machinery is electrically driven, and current 
for this service, together with the heating and lighting 
services, is provided by four self-contained turbo- 
generators constructed by Messrs. W. H. Allen, Sons 
and Company, Limited, Bedford, each set being 
capable of a normal full-load output of 850 kW at 
220 volts; one of the turbo-generators is illustrated in 
Fig. 2, on this page. The generators, together with the 
main switchboard, are installed in a flat above the 
engine room at “ G ’’-deck level and, in order to ensure 
efficient ventilation, extra-large ventilating trunks have 
been provided. The turbines have been designed for 
a steam pressure of 500 Ib. per square inch and drive 
compound-wound direct-current generators through 
double-helical gearing giving a speed reduction of 
10 to 1, the turbines running at 6,000 r.p.m. 
turbine is mounted on its own self-contained surface 
condenser capable of sustaining a vacuum at full load 
of 28 in. of mercury when supplied with cooling water 
at 86 deg. F. A condensate-extraction pump is driven 
mechanically from the steam end of each turbine, each 
pump working in conjunction with the closed-feed 
system while contacts arranged inside the vacuum 
gauges operate Klaxons in the engine room should an 
set lose its vacuum. Two Allen emergency Diesel- 
driven generators are fitted in addition to the four 
turbo-generators. These are situated in an emergency 
dynamo room on “ D ” deck forward and each unit com- 
prises a four-cylinder four-stroke engine coupled directly 
to a 100-kW 220-volt direct-current generator running 
at 500 r.p.m. Each unit is completely self-contained, 
cooling being accomplished by means of a radiator 
and engine-driven fan. The two sets can be run in 

liel and are capable of meeting the sea-emergency 
pe the load required in harbour when steam is not 
available. 

As in all previous Orient Line vessels, the carriage of 
cargo forms an important item. Refrigerated cargo 
can be carried in numbers 1, 2 and 3 holds, and tween 
deck spaces, which have a total capacity of approxi- 
mately 240,000 cub. ft., while numbers 4, 5 and 6 holds 
will be used for the carriage of general cargo, the total 
capacity in this case being approximately 165,000 cub. 
ft. The insulation of the refrigerated spaces was 
installed by Messrs. Newalls Insulation Company, 
Limited, while Messrs. J. and E. Hall, Limited, provided 
the refrigerating machinery. The latter comprises two 
CO, compressors and attendant auxiliaries, each com- 
pressor being driven by a 150-h.p. Allen motor; a 
general view of the refrigerating machinery is given 
in Fig. 3, on this page. There are two salt-water 
cooling pumps and nine main and auxiliary brine 
pumps, together with eleven Thermotank fans for 
cold-air circulation in the refrigerated spaces. The 
main brine pumps are each designed to deliver 18,000 
gallons per hour against a pressure of 25 Ib. per square 
inch when running at a speed of approximately 
1,150 r.p.m. 

Numerous Thermotank fans are installed for ven- 
tilating the passenger and machinery spaces, the 
starters for the motor-driven boiler-room ventilating 
fans and forced-draught fans being interlocked in 
order to ensure that the forced-draught equipments 
cannot be started until the corresponding ventilating 
fan is running. Other auxiliary machinery installed in 
the engine-room s includes two Laurence-Scott 
motor-driven 50-kVA 3-phase 230-volt alternators and 
exciters, together with suitable switchgear for supplying 
current for the cinema, X-ray theatre, Ozonair equip- 
ment, the alternating-current control valves of the 
Thermotank air-conditioning plant, and the fluorescent 
lighting installations. The steering gear is of Messrs. 
Brown Brothers’ electro-hydraulic type, which is 
operated by two 60-h.p. Allen motors, each of which 
drives a V.S.G. pump. 

As previously mentioned, the Orcades carries two 
classes of mger only, namely, first class and 
tourist B class, the number of passengers of each 
class being 773 and 772, respectively ; in addition, a 
crew of 617 is carried. The first-class passengers are 





accommodated in single- and two-berth cabins on 
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«C,” “D” and “E” decks, and also on “ F” deck 
forward of the foyer. The first-class dining saloon 
is located on “ F” deck and opens directly from the 
foyer. The saloon measures 88 ft. by 72 ft., while 
the *tween-deck height is 10 ft.; additional height 
is given, however, by a dome over the central portion. 
Two annexes are provided at the after end of the 
saloon for use by children or+private parties. The 
lounge is on “B” deck aft of the main entrance, 
while abreast the machinery casings and leading 
from the lounge are the port and starboard galleries, 
which, in turn, lead to the dance hall; this is arranged 
with sliding-and-folding side screens, which enable 
the complete deck to be opened up when conditions 
permit. The tourist-class passengers are accom- 
modated in two- and four-berth cabins located on 
“F,” “G@” and “ H” decks. The tourist-class ape 
saloon is on “‘ F” deck and extends the full width o 
the vessel, while immediately aft of the saloon is the 
tourist lounge, the latter being narrower due to the 
provision of port and starboard promenades. A wide 
staircase up from the saloon to “ E” deck on 
which the tourist smoke room is situated. This is 
located over the lounge, while aft from the smoke room 
is the dance promenade and the children’s playroom. 
The main galley and pantries, together with the asso- 
ciated services, are situated on “F” deck between 
the first- and tourist-class saloons. 

The ae is exceptionally well fitted out, the 
comprehensive navigating equipment including a 
Marconi radar installation, Marconi Seagraph and 
Seavisa echo-sounding equipments, and an under- 
water log of the Chernikeeff type, supplied by Marine 
Instruments, Limited. A Sperry gyro-compass equip- 
ment is installed, while a two-unit Gyro pilot with 
synchronous gear is fitted to operate the electro- 
hydraulic steering gear. Sixteen 99-person and ten 
5 gre lifeboats are provided, together with two 
31-ft. motor lifeboats and two 24-ft. emergency boats. 
All lifeboats are of steel construction and were supplied 
by Messrs. Hugh McLean and Sons, Limited, and, with 
the exception of the two motor boats, are provided 
with Fleming pms gear. The boats are carried 
under gravity-lowering davits complete with hoisting 
winches, etc., all of which were supplied by Messrs. 
Welin-MacLachlan Davits, Limited. A complete 
system of Grinnell automatic sprinklers and fire alarms 
is fitted, while the cargo holds are provided with a 
Rich smoke-detecting system and steam fire-extin- 
guishing equipment. As previously mentioned, the 
Orcades will be employed on the Australasian service 
and is expected to reduce the time taken for the voyage 
between England and Melbourne to 28 days. As a 
consequence, the vessel has a designed speed of 22} 
knots and, during trials on the measured mile off Arran, 
@ mean speed of 24} knots was achieved. No difficulty 
should be experienced, therefore, in maintaining the 
new schedule. 


LAUNCHES AND TRIAL TRIPS. 


M.S. “ MocgaMBIQUE.”—Twin-screw vessel, carrying 
60 first-class, 150 tourist, 100 third-class and 400 emigrant 
passengers, with refrigerated and general cargoes. 
Built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for the 
Companhia Nacional de Navegacg&’o, Lisbon. Main 
dimensions: 520 ft. 11 in. (between perpendiculars), 
by 67 ft. by 36 ft. 3 in. to bulkhead deck; deadweight 
capacity, 9,150 tons on a mean draught of 26 ft. 6 in. 
Two six-cylinder opposed-piston Swan Hunter-Doxford 
oil engines developing a total of 13,000 b.h.p. in service. 
Service speed 17-18 knots. Launch, December 1. 

S.S. “ San SILVEsTRE.”—Single-screw tanker, built by 
Messrs. Furness Shipbuilding Company, Limited, 
Haverton Hill-on-Tees, County Durham, for the Eagle 
Oil and Shipping Company, Limited, London, E.C.2. 
Main dimensions : 537 ft. by 69 ft. by 37 ft.; deadweight 
capacity, about 15,750 tons on a draught of 29 ft. 2 in. 
Single turbine direct coupled to a three-phase alternator 
and a three-phase salient-pole synchronous propulsion 
motor, manufactured by the General Electric Company, 
Limited, Magnet House, London, W.C.2, developing a 
maximum of 9,000 s.h.p., with a service speed of 142 
knots. Launch, December 1. 

M.S. “‘ ATHELLAIRD.”—Single-screw tanker built by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, for the Athel Line Limited, Park-lane, London, 
W.1. Main dimensions: 510 ft. by 67 ft. by 36 ft.; 
deadweight capacity, about 15,300 tons. Four-cylinder 
opposed-piston Hawthorn-Doxford Diesel engine, con- 
structed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne, developing 
4,450 b.h.p. in service. Launch, December 2. 

8.S. “ SrocKHAM.”’—Single-screw trawler built by 
Messrs. John Lewis and Sons, Limited, Aberdeen, for 
Messrs. Trawlers Grimsby, Limited, Grimsby. Main 
dimensions: 167 ft. 6 in. (between perpendiculars) by 
29 ft. by 15 ft. 3in.; fish-room capacity, 13,500 cub. ft. 
Steam reciprocating engines and one oil-fired boiler. 





BOOKS RECEIVED. 


British Columbia Department of Mines. Annual Report 
of the Minister of Mines for the Year Ended 31st Decem- 
ber, 1947. British Columbia Department of Mines, 
Victoria, B.C., Canada. 

Ministry of Transport. Railway Accidents. Report on 
the Derailment Which Occurred on 17th July, 1948, near 
New Southgate in the Eastern Region of the British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

Department of Scientific and Industrial Research. Road 
Research. Road Note No. 5. Types of Road Surfacing 
and Maintenance Using Tar or Asphaltic Bitumen. By 
Dr. A. R. LEE. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. net.] 

Ministry of Works. National Building Studies. Special 
Report No. 4. New Methods of House Construction. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
(Price 1s. net.] 

Introduction to Engineering. A Preliminary Textbook on 
the Practice of Mechanical and Aeronautical Engineering. 
By R. W. J. PRYER. Second edition. Sir Isaac Pit- 
man and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 5s.] 

Calculul Fundatiilor de Beton Armat ale Stdlpilor Izolati. 
By Proressor Ina. D. A. STAN and ING. A. TAUBER. 
Second edition. Institutul de Arte Grafice si Editura 
a Statului “ Progresul’”’ S.A. Sibui, Bucarest, Rou- 
mania. 

Work of the World Series. No.1. The Story of Power. 
By GEOFFREY GERARD. No.2. Iron and Steel. By 
Dr. J. H. CHESTERS. Thomas Nelson and Sons, 


Limited, Parkside Works, Edinburgh, 9. [Price 5s. 
net, each.) 
Modelled Architecture. By P. R. WICKHAM. Percival 


Marshall and Company, Limited, 23, Great Queen- 
street, Kingsway, London, W.C.2. [Price 12s. 6d. 
net.] 

Physico-Chemical Methods. By Proressors JOSEPH 
REILLY and WILLIAM NORMAN RAE. Volume III. 
Supplementary. Methuen and Company, Limited, 


36, Essex-street, Strand, London, W.C.2. [Price 55s. 
net.] 

Electric and Diesel-Electric Locomotives. By D. W. 
HInNDE and M. HINDE. Macmillan and Company, 


Limited, St. Martin’s-street, London, W.C.2. [Price 

368. net.) 

The Traffic Design of Parking Garages. By EDMUND R. 

RIcKER. The Eno Foundation for Highway Traffic 

Control, Incorporated, Saugatuck, Connecticut, U.S.A. 

Report of the Conference on Pulverised Fuel. Held at 
Harrogate from June 2nd to June 6th, 1947, under the 
Auspices of the Institute of Fuel. Third volume of the 
series. The Secretary, The Institute of Fuel, 18, 
Devonshire-street, London, W.1. [Price 42s. per set 
of three volumes.) 

The Annals of the Computation Laboratory of Harvard 
University. Volume X. Tables of the Bessel Functions 
of the First Kind of Orders Twenty-Eight Through 
Thirty-Nine. By the STaFF OF THE COMPUTATION 
LABORATORY. Harvard University Press, Cambridge 
38, Massachusetts, U.S.A. [Price 10 dols.] Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 55s. net.) 

Gas Welding and Cutting. A Practical Guide to the Best 
Techniques. By C. G. BAINBRIDGE. Published for 
Welding. Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London, S.E.1. [Price 15s. net.] 

The Production of Magnesi Casting By G. B. 
PARTRIDGE. The Kennedy Press, Limited, 31, King- 
street West, Manchester, 3. [Price 4s. 6d. net.] 

Topographie. By LE GENERAL DE FONTANGES. Librairie 





Armand Colin, 103, Boulevard Saint-Michel, Paris 
(Ve). [Price 150 francs.] 
Centrifugal and Other Rotodynamic Pumps. By Pro- 


FESSOR HERBERT ADDISON. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 36s. net.] 

“This Desirable Residence.” Specification by A. Lu. 
MatTruison. Published by Arthur Llewelyn Matthison, 
Adderley Works, Bordesley Green-road, Birmingham, 
9. [Price 12s. 6d.] 

Stress Analysis and Design of Elementary Structures. By 
PROFESSOR JAMES H. CIssEL. Second edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 5 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 30s. net.] 

Plastics Dictionary. By THomMas A. DICKINSON. Pitman 
Publishing Corporation, 2, West 45th-street, New York 
19, U.S.A. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price, 
25s. net.] 

Fortieth Annual Report of the Hydro-Electric Power 
Commission of Ontario for the Year Ended October 31st, 
1947. Baptist Johnston, Printer to the King, Toronto, 
Ontario. 

Electric Power Supply. By T. H. Carr. The Cyril 
Williams Publicity Limited, 69, Swan-arcade, Brad- 





Launch, December 2. 








PERSONAL. 


BRIGADIER W. B. Satuirr, O.B.E., B.A. (Cantab.), 
A.M.1I.Mech.E., has been appointed managing director 
of the Spooner Food Machinery Company, Limited, and « 
director of the Spooner Dryer and Engineering Company, 
Limited. 


Mr. C. WALLACE SAUNDERS, D.C.M., M.I.N.A., 
M.1.Mar.E., A.M.I.C.E., for 30 years manager of the 
Marine Department of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, us 
announced on page 538, ante, has retired. Mr. S ders 
created the Marine Department when he joined the 
company on demobilisation from the armed Forces in 
1918. 


Mr. GLANVILLE JONES has relinquished his position 
with the United Steel Companies, Stocksbridge, near 
Sheffield, to take up that of chief metallurgist in the 
Panteg Works of Messrs. Richard Thomas and Baldwins, 
Limited, Griffithstown, near Pontypool. 


Mr. I. J. R. Cookman, B.Sc. (Eng.) (Lond.), who bas 
been district electrical assistant at Nottingham of the 
North Eastern Region, British Railways, since 1945, has 
been appointed district electrical assistant, Guide Bridge. 


Messrs. THOos. W. WaRD LimiTeD, Albion Works, 
Sheffield, announce that four of their local directors have 
now been made directors. These are MR. P. T. WARD, 
son of Mr. Ashley S. Ward ; Mr. G. S. Woop, son of Mr. 
George Wood ; Mr. J. S. BRADSHAW, who has 33 years’ 
service with the company, and Mr. E. G. Mort, with 
24 years’ service, who has charge of the company’s 
activities in South Wales. 


Mr. R. W. Fits, who recently obtained the B.Sc. 
degree in metallurgy at Durham University, has been 
appointed foundry metallurgist with Messrs. David 
Brown Foundries Company, Limited, Penistone, near 
Sheffield. 


Messrs. HENRY F. COCKILL AND SONS, LIMITED, an- 
nounce that their main home and export sales office is 
now at Marfleet, Hull, but that a sales department 
remains in operation at Mount View Works, Cleckheaton, 
under the charge of Mr. A. LOCKE. THE MASTABAR BELT 
FASTENER COMPANY, LIMITED, announce that, as from 
December 20, their main sales office will also be located 
at Marfleet, Hull. The company, however, have their 
own sales and service depots at Accrington and Cardiff 
and have agents at Mansfield Woodhouse and Newcastle- 
upon-Tyne. 

Mr. A. H. WHITEHOUSE, A.M.I.Mech.E., has left the 
British Iron and Steel Research Association to join the 
staff of the Skefko Ball Bearing Company, Limited. He is 
now technical representative in their Birmingham office. 


Messrs. W. T. HENLEY’Ss TELEGRAPH WORKS Com- 
PANY, LIMITED, announce that as from December 15, 
the address of their Liverpool branch premises is Henley 
House, 29, Hope-street, Liverpool, 1. (Telephone: 
Royal 4137-8.) Furthermore, as from December 20, the 
address of their Bristol branch will be 72-74, Milk-street, 
Bristol, 2. (Telephone : Bristol 25730.) 








CONTRACTS. 


Messrs. COOPER, WETTERN AND COMPANY, LIMITED, 
55 and 56, Dingwall-road, Croydon, Surrey, have obtained 
the contract from the London County Council for the 
supply of dressed granite required for the extension of 
the river wall on the South Bank of the Thames from 
County Hall to Waterloo Bridge. Some 50,000 cub. ft. 
of granite will be required for the walling and parapet, 
the whole of which will be quarried and dressed in Corn- 
wall. The work has to be completed before the ground 
can be levelled and buildings erected for the Festival of 
Britain in 1951. ' 

Messrs. THE BRUSH ELECTRICAL ENGINEERING COM- 
PANY, LIMITED, Loughborough, announce that that com- 
pany and Messrs. J. AND H. MCLAREN LIMITED, Leeds, 
one of the Diesel-engine manufacturing companies which 
the Brush company is to acquire under the terms of the 
forthcoming merger with ASSOCIATED BRITISH ENGINEER- 
ING LIMITED, have signed a further contract with the 
trade delegation of the U.S.S.R., for the supply of 2,850 
standard self-contained 50-kW Diesel generating sets. 
The contract is valued at over 5,500,0001. and will ensure 
full employment at the Leeds and Loughborough fac- 
tories for the next two years. 





THe LATE Mr. H. LoNGTHORPE.—It is with regret 
that we record the death, early this month, of Mr. H. 
Longthorpe. He had served on thc staff of the Churchill 
Machine Tool Company, Limited, Broadheath, near 
Manchester, for 37 years, and retired in March, 1948. 
Mr. Longthorpe, who was in his 64th year, had been 
responsible for the design and development of the firm’s 





ford. [Price 2s., post free.] 


centrelesa grinding machines during the last 20 years. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—Iron and steel makers have derived 
some satisfaction from their efforts during November. 
The contribution from the steelmakers towards the 
record-breaking United Kingdom output of ingots and 
castings averaged 47,700 tons a week, equivalent to 
2,480,200 tons per annum, a record rate this year, sur- 
passing the previous best of 2,428,400 tons obtained in 
September. Results in the case of pig-iron were also 
noteworthy, the aggregate production of basic, foundry, 
and hematite iron being at a rate equivalent to 802,400 
tons per annum, as compared with the previous best for 
the year of 816,400 tons per annum, also in September. 
In the corresponding months of 1947, pig-iron production 
was at « rate of 589,400 tons and 593,000 tons per annum, 
respectively. In spite of the high level of outputs the 
demand continues to exceed the supply. So far as re- 
rollers are concerned the raw material position is as 
difficult as ever. This applies particularly to re-rollers 
of the lighter gauges, where billets in the 2-in. and 24-in. 
category are very short of requirements. Consumers of 
heavy billets and slabs are rather better placed for 
supplies. Plate mills are heavily engaged. Substantial 
tonnages of steel continue to be absorbed by sbip- 
builders, locomotive and wagon builders, and manufac- 
turers of power-plant equipment. Steelmakers are ex- 
periencing strong pressure also for delivery of sheets, 
the outputs of which are restricted by a shortage of bars. 


Scottish Coal.—Relatively high outputs from the 
principal producing areas—namely, Lanarkshire and Fife, 
during the week ended December 4 contributed largely 
to a record output of 495,300 tons from the Division this 
year, Lanarkshire provided 190,300 tons, as compared 
with 184,100 tons in the previous week, and Fife, 151,500 
tons, against 140,500 tons. The previous highest total 
was 492,200 tons in the week ended April 24. The 
improvement was not unaccompanied by strike losses, 
although these were less than usual. Deliveries to con- 
sumers are still under standard, although users are fairly 
well supplied for the time being, but some anxiety pre- 
vails at the continued encroachment on house-coal 
reserves. Coal shipments from Scottish ports during 
November, at 109,496 tons, were some 20,000 tons below 
the total for the previous month. Individual dispatches 
were as follows (the total for the period January to 
November being given in parentheses) :—KEire, 27,379 
tons (334,189); Sweden, 18,804 (268,101); Finland, 
13,124 (189,351); Denmark, 27,545 (174,115); France, 
4,161 (77,189); Holland, 7,758 (55,870); Portugal, 
1,349 (35,251); Spain, 8,427 (26,376); Germany, nil 
(13,108) ; North and West Africa, nil (12,696) ; Norway, 
nil (5,405) ; Switzerland, 509 (2,132) ; Belgium, 421 (811); 
Iceland, 19 (751); Canada, nil (304). The aggregate 
shipments for the first 11 months of the year were 
1,195,649 tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Some record high outputs of open- 
hearth steel have been achieved at plants which were 
converted to the use of fuel oil ; more conversions would 
be made but for the difficulty in obtaining supplies of 
fuel oil. Gas cuts, applied to groups of firms in turn, are 
hampering production in many trades. “ Goffing” 
plants are losing 14 days’ production a week when the 
cuts apply to them, and cutlery firms are unable to secure 
all the blades they require. It is proposed to alter the 
method of allocation of steel to the smaller cutlery firms, 
who will obtain their allocations through the Cutlery 
Manufacturers’ Association, who will receive a bulk 
allocation. At present, firms have to submit their 
applications separately to the Board of Trade. Davy 
and United Engineering Company, Limited, have received 
further contracts for the supply of rolling-mill plant 
and auxiliary machinery for the Steel Company of Wales, 
bringing the total value to over 1,500,0001. Of this, 
the original contract was valued at about 1,000,0001. 
The new contract is for a mill for cold-rolling silicon-steel 
strip up to a maximum width of 42 in. at speeds up to 
1,000 ft. per minute. It will make possible, for the 
first time in this country, the rolling of this type of steel 
strip in widths of over 24 in. on a standard four-bigh 
mill. The mill will be equipped to cold-roll mild-steel 
strip up to 1,250 ft. a minute, as an alternative product, 
the estimated output being 1,250 tons a week of 126 hours. 

South Yorkshire Coal Trade.—Speedy transport on the 
railways quickly cleared the choked marshalling yards 
and colliery sidings after the ten days’ fog, and normal 
working at the pits again became possible. In spite of 
the weather, rather more coal has been raised. Rail- 
ways, industrial concerns and public-utility undertakings 
have been receiving adequate supplies, but complaints are 
made of mixed types of coal delivered in the course of a 
few days. Fuller dispatches have been made to the 
Ports for shipment abroad and for the coastwise trade. 
Both furnace and gas coke are in strong demand. 








NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Mines in the South Wales 
and Monmouthshire coalfield incurred a loss of 968,1841. 
in the third quarter of the year, before charging interest, 
according to N.C.B. returns. Output in the coalfield was 
5,183,270 tons, costs of production 14,791,4301., and 
proceeds 13,823,2461. The 1,600 employees at the Steer 
and East Pits, Gwaen-cae-Gurwen, who had been idle 
for a month following the strike and the decision of the 
Divisional Coal Board to close the pits, have been 
reabsorbed quietly, following the announcement that the 
pits were to be re-opened. Owing to falls, which had 
taken place while the pits were idle, work could only be 
resumed gradually. Coal production in the area, for the 
past weeks, has been showing the pre-Christ 
usual at this time of the year. In the week ented Novem- 
ber 27, productions reached the highest point of the year, 
at 475,761 tons. This was produced by 2,000 fewer men 
than were employed earlier in the year, when, in May, 
output reached 475,569 tons. The scarcity of supplies 
on the steam-coal market has been affected hardly at all 
by the spurt in production. Operators still found it 
difficult to handle new business for early delivery. The 
inland section, in particular, was very busy. Numerous 
inquiries were received and order books generally were 
well filled for a long time ahead. All coals were well 
sold forward, with the exception of some of the poorest 
dry steam small grades. On export account there was 
good activity for Portugal and South America. Negotia- 
tions were in progress for supplies to Portugal and the 
Argentine for next year. Eireann trade was steadily 
maintained, while the French section was beginning to 
show better activity, but trading with Spain and Italy was 
still limited. Cokes and patent fuel received attention 
and were well booked forward. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was displaying some 
activity as home consumers were placing orders for the 
first quarter of 1949. Makers have full order books for 
the remainder of this month and some orders not com- 
pleted will either have to be carried over into the New 
Year or be cancelled. The export market is quiet, 
although more business has been transacted for delivery 
early next year. Steel sheets and iron and steel scrap 
continue in demand. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Tees-side iron and steel producers 
are maintaining outputs at a high level, but are unable to 
cope with the delivery claims for larger parcels of material. 
Home buyers complain of inadequate supplies of com- 
modities urgently needed, but have little hope of obtain- 
ing any increase in deliveries as more tonnage is being 
released for shipment overseas. The distribution of fuel 
is still up to expectations and a gradual increase in the 
output of the Cleveland ironstone mines is reported. 
The available tonnage of high-grade imported ores 
remains at a satisfactory level. Substantial quantities 
of iron and steel scrap are reaching the consuming plants, 
but the demand is still greater than sellers can meet. 
The rather better supplies of pig iron benefit steelworks 
only. Ironfounders are still unable to obtain sufficient 
tonnage of pig for their requirements. Improving 
deliveries of scrap, however, mitigate the effects of the 
pig iron shortage to some extent. There is no reduction in 
the heavy demand for various types of finished material. 

Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron is still acute and necessitates the 
increasing use of substitutes, but the basic blast-furnaces 
are providing sufficient iron for the requirements of the 
makers’ own steel plants. 


Hematite, Low-Phosphorus and Refined Iron.—Kast- 
Coast hematite firms are able to deal fairly satisfactorily 
with essential needs of regular users but cannot comply 
with the persistent requests for larger deliveries. The dis- 
tributable tonnage of low- and medium-phosphorus 
grades of iron is promptly absorbed. Buyers of refined 
iron, however, have no difficulty in covering their 
requirements. 


Manufactured Iron and Steel.—The branches of indus- 
try turning out semi-finished and finished iron are actively 
engaged and have bookings that will keep their plants 
well employed for some time. Steel producers are still 
embarrassed by greater commitments than can be met 
fully under present conditions. The rather better sup- 
plies of semi-finished steel coming forward are readily 
taken up. Sheet bars and small billets especially con- 
tinue in very strong request. Finished-steel manufac- 
turers are fully sold. Export licences for black and 
galvanised sheets are on an increased scale and more 
permits for shipment abroad of other commodities are 








being issued. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.—Halifax 
Graduate Section : Monday, December 20, 7 p.m., Tech- 
nical College, Halifax. ‘‘ Manufacture of Plant Used in 
the Production of Town’s Gas,” by Mr. W. Raistrick. 
Derby Sub-Section : Wednesday, December 22, 7 p.m., 
Art School, Green-lane, Derby. ‘“‘ Centreless Grinding,” 
by Mr. H. M. Goodwin. 

DERBY SOCIETY OF ENGINEERS.—Monday, December 
20, 7.15 p.m., School of Arts, Green-lane, Derby. 
“ Refrigeration,” by Mr. H. R. Newman. 

INCORPORATED PLANT ENGINEERS.—Leeds Branch : 
Monday, December 20, 7.30 p.m., Mines Department, 
University, Leeds. Film Evening. Glasgow Branch: 
Tuesday, December 21, 7 p.m., Engineering Centre, 
Glasgow. Film Evening. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 21, 5.30 p.m., Great George-street, S.W.1. Inaugural 
Unwin Lecture, by Dr. Oscar Faber. Birmingham Asso- 
ciation: Thursday, December 30, 6 p.m., James Watt 
Memorial Institute, Birmingham. Joint Meeting with 
the INSTITUTION OF STRUCTURAL ENGINEERS, Midland 
Counties Branch. ‘‘ The Limitations of Soil Mechanics 
as Applied to Foundations,” by Mr. G. B. R. Pimm. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, December 21, 6.15 p.m., Lighting Service 
Bureau, 2, Savoy-hill, W.C.2. ‘“‘ Recent Advances in 
Television,” by Mr. D. Weighton. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Falkirk Sec- 
tion: Tuesday, December 21, 7 p.m., Temperance Café, 
Lint Riggs, Falkirk. Film Evening. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Scottish 
Centre : Tuesday, December 21, 7 p.m., Royal Technical 
College, Glasgow. ‘“‘ Design of Contactors with Regard 
to Their Industrial Application,”’ by Mr. Bernard Feld- 
bauer. South Midland Centre: Monday, January 3, 
6 p.m., James Watt Memorial Institute, Birmingham. 
“ Factors Influencing the Design of High-Voltage Air- 
Blast Circuit Breakers,’’ by Messrs. C. H. Flurscheim and 
E. L. L’Estrange. Also at the North-Western Centre : 
Tuesday, January 4, 6.15 p.m., Engineers’ Club, Man- 
chester. Southern Centre: Wednesday, January 5, 
6.30 p.m., City Council Chambers, Clarence-parade, 
Portsmouth. ‘‘ Centralised Ripple Control on High- 
Voltage Networks,”’ by Messrs. T. W. Ross and R. M. A. 
Smith. 

RoyaL AERONAUTICAL SOCIETY.—Graduates’ and Stu- 
dents’ Section: Tuesday, December 21, 7.30 p.m., 4, 
Hamilton-place, Piccadilly, W.1. ‘“‘ Production: the 
Dynamics of People at Work,” by Professor J. V. Con- 
nolly. 

INSTITUTE OF FUEL.—Thursday, December 23, 2.30 
p.m., Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, S.W.1. ‘‘ Emulsion Technique,” by 
Dr. L. R. B. Shackleton. 

JNIOR INSTITUTION OF ENGINEERS.—Thursday, 
December 30, 6.39 p.m., 39, Victoria-street, S.W.1 
Film: ‘“ Barber-Greene Equipment.” Friday, Janu- 
ary 7, 6.30 p.m., 39, Victoria-street, S.W.1. Film: 
“Wheels Behind the Wheels,” to be introduced by 
Mr. H. Bromage. 

RoyAL SocIETy OF ARTS.—Tuesday, January 4, 6 p.m., 
John Adam-street, Adelphi, W.C.2. ‘“ Radar and Its 
Application to the Science and Art of Marine Navigation,” 
by Lieut. P. Satow. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, January 5, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Heating and Ventilating Plants in German 
Underground Installations,” by Mr. L. C. C. Rayner. 

INSTITUTION OF MECHANICAL ENGINEERS.—Scottish 
Branch: Thursday, January 6, 7.30 p.m., Royal Tech- 
nical College, Glasgow; and Friday, January 7, 7.30 
p.m., Heriot-Watt College, Edinburgh. Thomas Hawks- 
ley Lecture on “ Heat Engines,” by Mr. K. Baumann. 
Institution: Friday, January 7, 6 p.m., Storey’s-gate, 
St .James’s Park, S.W.1. Discussion on “‘ Rotary Mo- 
tion,” opened by Dr. W. Abbott. AUTOMOBILE DIVISION. 
Glasgow Centre: Monday, December 20, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.2. “Maintenance of 
Public-Service Vehicles,” by Mr. D. M. Sinclair. Bir- 
mingham Centre: Tuesday, December 21, 6.45 p.m., 
James Watt Institute, Birmingham. ‘“‘ Lubrication of 
Engines in Public-Service Vehicles,’ by Mr. A. T. Wilford. 
Also at the Bristol Centre: Thursday, December 30, 
6.45 p.m., Royal Hotel, Bristol. 





CaNaDIAN Paciric Rarway.—Statistics recently 
issued indicate that the gross earnings of the Canadian 
Pacific Railway during the first eight montbs of 1948 
totalled 221,588,000 dols., compared with 205,156,000 








dols. during the period January to August, 1947. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING.” LESQUARE, LONDON. 
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TEMPLE Bak 3663 and 3664. 
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to the Editor and all other correspondence to the 
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Orders should be made payable at Bedford Street, 
Strand, W C.2. 








SUBSCRIPTIONS. 
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Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on applieation to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” ‘“ Situations 
Wanted, ” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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PROSPECTS OF LAND AND 
MARINE GAS TURBINES. 


THE lectures on the gas turbine* sponsored and 
published by the Institution of Mechanica] Engin- 
eers three years ago have been widely acclaimed, 
both in this country and abroad, as an authoritative 
and comprehensive survey of the state of theoretical 
and practical. knowledge in the subject at that time. 
Since then research has been continued, not with 
the same intensity as characterised the closing 
years of war, but actively enough to have produced 
some noteworthy experimental projects and many 
more promising lines of development. In particular, 
there has been progress towards the use of the 
internal-combustion turbine for purposes now 
predominantly served by steam or Diesel power ; 
and if that progress appears slow compared with the 
phenomenal way in which the gas turbine revolu- 
tionised aircraft power plant, it must be borne in 
mind that the conditions are vastly different. 
Under the urge of war and subsequent Service 
requirements, every consideration was secondary 
to the facts, once established, that the jet engine 
was peculiarly suitable for aircraft and a means 
of significantly increasing their speed of flight. 
Power for industrial transport and marine service, 
on the other hand, is closely governed by the need 
for economy. It offers the competitive factor of 
already functioning, not unsatisfactorily, on indi- 
genous solid or low-grade liquid fuels, and has all 
the inertia of a heavily capitalised, intricate and 
enduring organisation that admits change only 
after rigorous proof of prospective benefit. 

If, in these circumstances, the development of 
gas turbines for other p’ es than aircraft 
becomes rather an act of faith than the fulfilment 
of an obvious specific need, the enterprise of 
individuals and corporate bodies who are designing 
and experimenting towards that end is perhaps the 
more commendable, while engineers in general 
should be no less keenly interested in the likelihood 
of its attainment. Most appropriately, therefore, 
the prospects of land and marine gas turbines was 
the subject of the first of a new series of six lectures 
on the internal-combustion turbine, again sponsored 


by the Institution of Mechanical Engineers, which 
were given by members of the staff of the National 
Gas Turbine Establishment on November 3 and 4. 
Equally appropriate, in view of the knowledge 
and judgment needed to appraise so conjectural a 
matter fairly and constructively, was the presenta- 
tion of that lecture by Mr. Hayne Constant, F.R.S., 
the newly-appointed Director of the Establishment, 
who has been intimately connected with gas-turbine 
research and development for many years. 

It was to be expected that Mr. Constant would 
adhere to his previously expressed belief in the 
superior possibilities of the axial, as against the 
centrifugal, type of compressor, and would endorse 
the widely accepted view that large gas-turbine 
plants, to be more effective than equivalent steam 
power, must be of the closed-circuit type in which 
the working fluid is indirectly heated, provision 
being made by various auxiliary devices to abstract 
as much heat as possible from the products of 
combustion. Less commonly realised, however, is 
the formidable nature of the problems entailed in 
the design of a satisfactory heat interchanger. 
The great bulk, and not very good performance, 
of static exchangers embodying encased banks of 
tubes have encouraged the alternative idea of a 
capacity exchanger in which a matrix of highly- 
conducting wire is rapidly exposed by rotation, 
first to hot and then to colder gas, transferring heat 
in the process. The principle of the porous metal 
regenerator, which dates back to early air-engine 
days, has been revived recently* in a device for 
which remarkable results are claimed, so that its 
application in rotary form to the closed-cycle gas 
turbine seems promising enough to warrant the work 
still needed to provide satisfactory glands for it. 

The simpler open-cycle type of gas turbine also 
presents some problems in land applications that 
are as yet imperfectly solved. Prominent among 
them is that of preventing dust from eroding, or 
being deposited on, the blades and passages of the 
compressor aad the turbine, thereby spoiling their 
shape and impairing their aerodynamic efficiency. 
There is need, therefore, for means of filtering 
particles as fine as smoke out of the air entering the 
compressor, and of achieving the combustion of 
relatively cheap residual oils, not only at the 
efficiencies approaching 100 per cent. already in 
sight, but also without entraining ash particles 
in the hot gases passing to the turbine. These 
factors are especially intractable in the case of the 
railway locomotive because of the rigid limitations 
upon its transverse dimensions and the variable and 
polluted atmospheres which it encounters in 
service. For some time, nevertheless, the bulk 
and weight inherent in the closed-cycle gas turbine 
with heat exchanger are prohibitive, and the simpler 
types of gas-turbine locomotive under construction 
can be justified by the value of the experience to 
be gained with them. In Mr. Constant’s opinion, 
however, they will compare unfavourably with 
equivalent Diesel-electric locomotives. He believes 
that eventual superiority will depend on the com- 
bination of a closed-cycle oil-burning turbine incor- 
porating a rotary capacity-type exchanger, with 
wholly mechanical transmission of power to the 
wheels. Such a locomotive, weighing 80 tons for 
3,000 h.p., having a 5:1 pressure-ratio axial 
compressor and an upper gas temperature of 800 deg. 
C. (1,470 deg. F.), would, he estimates, realise an 
overall efficiency, at the axles, of 26 per cent., and 
surpass the Diesel-electric arrangement in respect 
of life and reliability. 

In strongly advocating liquid rather than solid 
fuel for gas-turbine locomotives, Mr. Constant may 
be suspected, perhaps, of appreciating better than 
most engineers in this country the difficulties of 
utilising pulverised coal, with which the investigators 
of Bituminous Coal Research, Incorporated, are 
still struggling in the development of American 
projects, It is easy to agree, however, that oil 
lends itself far more. readily than coal to stationary 
as well as mobile gas turbines ; and it is interesting 
to hear, therefore, that, while considerations of 
political economy or national security may dictate 
the burning of powdered coal in gas-turbine plants 





* Lectures on the Development of the Internal 
Combustion Turbine. Proc. I. Mech. E., vol. 153 (1945). 
War Emergency Issue No. 12. 





* “Fundamentals for the Development of the Philips 
Air Engine,’’ by de Brey, Rinia and van Weenen. Philips 
Technical Review, vol. 9, No. 4, page 102 (1947). 
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for electric power generation, there is a possible 
balance in favour of the alternative of converting 
the coal into producer gas and feeding that to gas 
turbines. In circumstances where almost the whole 
of the heat in the turbine exhaust can be profitably 
utilised for district heating or low-pressure steam 
turbines, the gas-burning internal-combustion tur- 
bine promises a substantial reduction of generating 
costs below those of equivalent steam-turbine plant, 
while offering further advantages in such directions 
as cheaper sites and buildings for power stations. 
It is envisaged that half a dozen power-station gas- 
turbines may be at work in this country within 
the next three years, and that small stand-by sets will 
be a popular addition to many existing stations. 

The fact that the gas-turbine shows little prospect 
of giving its most effective service at capacities 
below about 1,500 h.p. limits its range of general 
utility on land, and while there are numerous tasks 
—in the metallurgical and processing industries, 
for example—for which it appears peculiarly well 
suited, the great variety of conditions and qualifica- 
tions to be considered were beyond the scope of 
Mr. Constant’s lecture. Lacking any such advan- 
tages over the small internal-combustion engine, 
the gas turbine has no foreseeable future in road 
transport. For marine propulsion, of course, the 
minimum power limitation is of less importance, 
and it would seem, from the volume of development 
work already in active progress and mentioned in 
contemporary literature, that the prospects of the 
internal-combustion turbine at sea are probably 
regarded as better than on land. Mr. Constant 
thinks, however, that the relative merits for marine 
use of the gas turbine and the Diesel engine are not 
likely to be settled for a long time yet. The 
optimum type of turbine cycle is a particularly 
vexed question, while he goes so far as to assert 
that successful competition against efficient modern 
marine power of existing types turns on the ability 
of the internal-combustion turbine to burn heavy 
residual oils. When this point has been established, 
the marine gas turbine is expected to be as efficient 
as an equivalent Diesel plant, with less weight. 

If one implication of Mr. Constant’s review stands 
out more prominently than others, it is that the 
diversity of performance characteristics demanded 
by power plants in different types of industrial and 
marine service calls for corresponding attention to 
the elements of internal-combustion turbines if the 
latter are to show worthwhile economies. Versa- 
tility in the type of fuel is also clearly of great 
importance, not solely in order that the turbine 
shall be able to burn cheap fuels efficiently and 
without prohibitive maintenance, but also so that 
it shall be able to accommodate itself, for some years 
at least, to the existing enormously complex system 
of fuel production and distribution. Appropriate 
developments must, consequently, prove lengthy, 
while a substantial proportion of their cost will have 
to be borne by the industries which expect to benefit 
from them. For these reasons, the progress of the 
gas turbine on land and sea must inevitably be 
slower than that of the aircraft turbine, which, be- 
sides being in some respects simpler, was the subject 
of intense and subsidised research. Mr. Constant’s 
suggestion, that the development of the internal- 
combustion turbine would be assisted by the 
standardisation of its principal components, is 
interesting in so far as it derives from the feeling 
that an essentially pneumatic system is readily 
adaptable to such treatment, but perhaps it demands 
a longer view than can be seen clearly at the 
moment. To a limited extent, standardisation of 
components and auxiliaries is practised with advan- 
tage in most of the power applications that hold out 
good prospects for the gas turbine; but, while it 
may eventually prove feasible for separate firms 
to concentrate on the manufacture of combustors, 
compressors, turbine units and heat exchangers, 
over a range of standard sizes, while others specialise 
in ducting, assembly and installation, such a 
division of labour is hardly to be expected until the 
gas turbine is beyond the development stage. 
So far as anyone can see at present, the industrial 
gas turbine will evolve gradually during the next 
quarter of a century, and will be most unlikely to 
supersede existing types of land and marine prime 
mover in any revolutionary fashion. 





FUEL AND POWER 
STATISTICS. 


In the House of Commons last week Mr. Gaitskell 
stated that the available generating capacity of the 
stations controlled by the British Electricity 
Authority was 9,380,000 kW in January, 1948, and 
was expected to be 9,707,000 kW in January, 1949. 
This latter figure is smaller than that forecast in 
the Economic Survey by between 500,000 kW and 
600,000 kW. The reasons given for this were that 
the estimates were too high and that the absence of 
standardisation before responsibility was concen- 
trated in the hands of a single authority had held 
up progress. This latter part of the explanation 
is common form with those who favour nationalisa- 
tion. If the British Electricity Authority adopts 
a standard size and a standard arrangement 
for turbo-alternator sets and boilers, manufac- 
ture will be facilitated, but that is no reason 
why orders already placed and units in hand 
should be delayed. The two figures quoted above 
show an increase of available capacity of 327,000 kW 
in the year 1948. This appears to compare very 
favourably with the records for the years 1946 and 
1947, which showed increases in installed capacity 
of 201,000 kW and 197,000 kW. The 1948 figure 
would, however, have been more if, as Mr. Gaitskell 
stated, it had not been necessary to take a greater 
amount of plant—to the extent of some 200,000 kW 
—out of service than was expected; and if the 
capacity of the new plant installed had not fallen 
short of the estimate by between 500,000 and 
600,000 kW. Unfortunately similar conditions are 
likely to persist during the coming year. 

The figures for installed capacity in 1946 and 1947 
are taken from a recent publication* of the Ministry 
of Fuel and Power. Although records for past 
years will not be of assistance in dealing with the 
difficulties likely to arise during this winter, they are 
of interest as indicating the rate of progress towards 
a more satisfactory state of affairs. The increase in 
installed capacity of 201,000 kW in the year 1946 
allowed of an increase in aggregate individual 
maximum loads of 574,000 kW, the corresponding 
figures for the year 1947 being 197,000 kW and 
226,000 kW. The load factors of the two years 
were 41-9 per cent. and 42-4 per cent. It is well 
known that the present difficulties in maintaining a 
continuous supply of electricity, at full voltage and 
frequency, are mainly due to the growth in the 
domestic demand, but it is surprising to see from a 
table of sales by authorised undertakers, set out in 
terms of the type of user, that while for the years 
1946 and 1947, the domestic and farm consumption 
rose from 11,425 million to 12,724 million kilowatt- 
hours, the demand of all other types of consumer, 
listed as commercial premises, factories, public 
lighting and traction, actually decreased. 

As will be clear from its title, the Statistical 
Digest is not exclusively concerned with the genera- 
tion of electricity. The 123 tables which it contains 
cover the gas industry, fuel-oil imports and pro- 
duction, and almost every statistical aspect of the 
colliery industry. It is a little out of balance, as 
accidents, dust suppression, output per man-shift, 
absenteeism and many other detail matters con- 
cerning the coal industry are dealt with, but there is 
no corresponding information for other activities. 
There would not appear to be any insuperable 
difficulty in collecting information on the output 
per man-shift, or absenteeism, in the gas industry, 
but as the information is not given it is presumably 
not collected. It may be a compliment to the 
colliery industry, as indicating its importance, that 
so much attention is given to every aspect of its 
proceedings, but a working miner might reasonably 
inquire why the output per man-shift of, say, 
bricklayers, should not be given the same publicity 
as that to which he is subjected. 

The activities of both the coal and oil industries 
have some bearing on the matter of electricity 
supply, but in the latter case it is of a minor nature. 
Of 42,733 million units generated in 1947, only 
74 million was supplied by oil engines. In 1946, 





* Ministry of Fuel and Power Statistical Digest, 1946 
and 1947. H.M. Stationery Office. [Price 3s. net.) 








the figure was 53 million, which was nearly equalled 
by the output from destructor plants and waste- 
heat gases. The consumption of coal by authorised 
electricity undertakings and railway and transport 
authorities for electric generation was 27-1 million 
tons in 1947 and 26-2 million tons in 1946. These 
figures have no reference to coal quality ; generation 
per pound of coal is not mentioned. The largest 
consumption of all was represented by house coal, 
at 29 million tons in 1947; the second largest con- 
sumption was due to “other industries,” at 27-8 
million tons, electrical generation coming third. 
“Other industries” appears to be all industries 
except iron and steel, and engineering. The fourth 
position was occupied by gasworks, which consumed 
22-7 million tons. Coke ovens accounted for 19-8 
million tons, and railways for 14-6 million tons, this 
figure including railway workshops as well as loco- 
motives. The figure of 5 million tons for miners’ 
coal is of some sociological interest. The total 
number of wage-earners at the mines is given as 
711,400, so that the consumption per individual 
works out at 7 tons per annum. The consumption 
of house coal by the rest of the population, which 
has been stated to be now approaching 50 million, 
has already been given at 29 million tons. If to 
this, 2-6 million tons of anthracite and boiler fuel 
are added, an overall figure of 31-6 million tons is 
obtained. The remainder of the arithmetic, enabl- 
ing the average consumption of a miner and a 
non-miner to be compared, may be left to the 
reader. 

The total gas supplied by gas undertakings in 1947 
was 486,397 million cubic feet. This figure had 
shown a steady rise every year from 1940. The total 
for 1947 included 53,984 million cubic feet bought 
from coke ovens. In addition to the 22-7 mil- 
lion tons of coal used, gasworks also consumed 
171,765,000 gallons of gas oil. The total number of 
domestic gas consumers was 10,922,151, and of these 
no less than 7,634,980 were supplied through prepay- 
ment meters. Figures do not appear to be given 
which would enable the total numbers of domestic 
gas and electricity consumers to be compared; in 
the electrical tables, overall totals for all types of 
consumer, domestic and commercial, being given. 
Asin the case of electricity, the greatest consumption 
in the gas industry is represented by domestic con- 
sumers, who were supplied with 293,670 million 
cubic feet of gas in 1947, the figure for industrial pre- 
mises being 92,145 million; that for shops and 
offices, 53,445 million, and for public lighting 5,499 
million. The gas industry in 1947 produced 732,000 
tons of road tar, 95 million gallons of creosote oil, 
and 529,000 tons of pitch. 

The tabular figures dealing with petroleum and 
other fuel oils, are naturally largely concerned with 
imports, but they show that 44-5 million gallons 
of refined motor spirit were produced from coal, coal 
tar and tar oils by high-temperature carbonisation 
at coke-oven refineries, gasworks refineries, tar 
distilleries and benzole refineries. Hydrogenation 
produced 23-5 million gallons, low-temperature 
carbonisation 0-8 million gallons, and shale-oil 
works 3-7 million gallons. The total of 72-5 million 
gallons of motor spirit compares with 1,207 million 
gallons of the same material imported. This does 
not by any means represent the total of refined 
liquid petroleum products which wasimported. The 
overall figure, including kerosene, Diesel and lubri- 
cating oil, etc., was 2,859 million gallons. Crude 
petroleum to the extent of 619 million gallons was 
imported and 39,015 tons of paraffin wax. A total 
of 76-8 million gallons of refined liquid petroleum 
products was exported. This includes 23-5 million 
gallons of motor spirit but “‘as shipments on 
Government account are not included,” it presum- 
ably does not cover any aviation spirit supplied for 
the Berlin air lift. As oil shale is an indigenous 
material, the figures for the production of commercial 
oils and spirits from shale oil are of interest and 
importance. In the course of the year, 25-5 million 
gallons of crude oil and crude naphtha were pro- 
duced from shale. Crude indigenous petroleum 
was also produced to the extent of 12-2 million 
gallons. Refining yielded 6-8 million gallons of 
motor spirit, 18-6 million gallons of gas and Diesel 
oils, 5-5 million gallons of fuel oil, and 1-8 million 
gallons of lubricating oil. 
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NOTES. 
MorivE-PowER DEPARTMENT OF BRITISH 
Raltways. 

TuE Railway Executive announce that, with the 
approval of the British Transport Commission, the 
motive-power organisation has been given “full 
departmental status.” Prior to nationalisation of 
the four main-liyg railways, there was no uniformity 
regarding the position of the motive-power, or 
locomotive-running, department in relation to other 
departments. The Executive state that it is felt 
that the effect of this important section of the 
railway organisation having full and direct respon- 
sibility as a department under its technically- 
qualified officers will be beneficial to the conduct 
of motive-power matters at all levels. In numbers 
of staff it is the second largest of the railway depart- 
ments. It is believed, however, that the greatest 
advantage in “ diagramming ” engines and men will 
be achieved in all regions by the centralisation of 
timing and diagrams staff under one control, and 
that this function should properly fall to the 
Operating Superintendent. The new arrangements 
were introduced on November 1, 1948, except in the 
case of the Western Region, where it will take 
longer—probably until the New Year—to imple- 
ment the decision. At regional level the Motive- 
Power Officer will be responsible directly to the 
Chief Regional Officer for matters coming within 
the latter’s functions, and in all other respects to 
the functional members (of the Executive) con- 
cerned. He will therefore be responsible for the 
provision of motive power, including manning, 
servicing and maintenance. He will provide engine 
power and relief to meet the requirements of the 
Operating Superintendent, who will be responsible 
for the provision of engine diagrams, and engine- 
men’s workings, which will be compiled in the 
Operating Superintendent’s central timing organi- 
sation. Locomotives in traffic, i.e. in service outside 
the signals governing ingress to or egress from a 
shed, will be operated under the responsibility of 
the Operating Superintendent, although technical 
matters will still be the sole responsibility of the 
Motive Power Superintendent. The latter will be 
responsible for discipline (whether working within 
or outside the depot) and the internal economy of his 
staff. He will also be responsible for the main- 
tenance of the locomotives on his strength, and 
will keep in close touch with the Regional Mech- 
anical Engineer in regard to the latter’s boiler 
inspectorate, locomotive performance and other 
technical matters, giving effect to the standards 
laid down by the Regional Mechanical Engineer. 
In the Railway Executive, the functional responsi- 
bility will be with the two members concerned (the 
member for operating and marine services, and the 
member for mechanical and electrical engineering), 
who will be responsible for the integration of foot- 
plate and shed practices, and will deal with all 
motive-power questions which may concern their 
functions. The organisation of these two members, 
for motive-power purposes, is centralised in the 
Chief Officer (Motive Power). Mr. V. M. Barrington- 
Ward is at present member for operating and 
marine services; Mr. R. A. Riddles is member for 
mechanical and electrical engineering ; and Lieut.- 
Colonel Harold Rudgard is Chief Officer (Motive 
Power). 


OPENING oF 60-MW GenezratiIne STaTION 
aT CHATALAGZI, TURKEY. 

The first section of a 60-MW generating station at 
Chatalagzi, in Turkey, was formally inaugurated 
on Saturday, November 27; the occasion, which 
emphasised the important part which Great Britain 
is playing in the development of Turkish resources, 
being marked by the presence of the Prime Minister, 
Hasen Saka, H.B.M. Ambassador Sir David 
Kelly, and a number of ministers and officials. 
The contract, which was signed with Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17,in 1939, provides for a station contain- 
ing three 20-MW steam turbo-generator sets, of which 
two are in operation, while the third is due for com- 
pletion by the end of the present year. The steam 
raising plant consists of three boilers, each of which 
is capable of supplying 220,000 lb. of steam per hour 





at a pressure of 595 lb. per square inch and a tem- 
perature of 840 deg. F. These boilers are fired with 
low-grade coal and coal waste, which is pulverised 
on the unit system. Each turbine, which has a 
maximum economic rating of 20 MW, drives a 
main alternator, which generates three-phase current 
at 11 kV, and a 1,500-kW house alternator which 
generates three-phase current at 3 kV. There is 
also a 500-kW Diesel engine driven set, which pro- 
vides a stand-by service for the station auxiliaries. 
The main alternators are directly connected to 
11/66-kV step-up transformers, which are controlled 
by air-blast switchgear with a rupturing capacity 
of 750 MVA. Cooling water is obtained from an 
artificial lagoon which has been constructed on the 
shore of the Black Sea. The station is being used 
to supply electric power for the Zonguldak coal 
basin, and to the district of north-western Anatolia, 
through a double-circuit transmission line. Sub- 
stations have been built at Zonguldak, Karadon and 
Kozlu and are equipped with 66/15-kV step-down 
transformers, the high-tension sides of which are 
eontrolled by air-blast switchgear. 

SHEET aND Strip Metal Users’ TECHNICAL 

ASSOCIATION. 

The third winter conference of the Sheet 
and Strip Metal Users’ Technical Association 
(‘‘ Sasmuta ”’) was held on Thursday and Friday, 
December 9 and 10, at the Waldorf Hotel, Aldwych, 
London, W.C.2. The conference was preceded by 
the annual general meeting, when it was announced 
that the council had nominated Mr. H. W. Bowen 
as chairman for the forthcoming two-year period, 
during the first year of which the retiring chairman, 
Mr. W. S. Grainger, would act as deputy chairman. 
Sir Ernest Fisk would remain president, and Mr. 
Alastair McLeod would continue to serve as the 
hon. secretary of the Association. After the confer- 
ence, a reception and banquet was held at the Café 
Royal, Regent Street, London, W.1. Four papers 
were read and discussed at the conference ; on the 
Thursday, Mr. R. Hanes, B.A., dealt with ‘‘ Impact 
Extrusion,” and on the Friday, Mr. R. F. Tylecote, 
M.A., M.Se., read @ paper on “‘ Pressure Welding,” 
Messrs. H. A. Holden, M.Sc., and §S. J. Scouse pre- 
sented a paper entitled ‘‘ Application of Phosphate 
Coatings to Wire, Tube, and Deep Drawing,” and 
Mr. P. C. van der Willigen read a paper on ‘‘ Contact 
Arc-Welding.”’ A special feature of this year’s con- 
ference was an exhibition of component equipment 
which showed some of the stages in the manufacture 
of sheet-metal products and in allied processes. The 
exhibition included arc-welded specimens in sheet 
and tube, pressings and drawn parts for gas-turbine 
engines, vitreous-enamelled components, and sheet- 
metal parts commonly used in the electronics in- 
dustry. The address of the Association, to which 
300 member firms now subscribe, is 49, Wellington- 
street, Strand, London, W.C.2. 

INSTITUTION OF MECHANICAL ENGINEERS. 

Dr. H. E. Rose, M.Se. (Eng.), and Dr. A. M. A. 
Rizk, B.Sc. (Eng.), presented an Applied Mechanics 
Group paper on “ Further Researches in Fluid Flow 
through Beds of Granular Material” at an Extra 
General Meeting of the Institution of Mechanical 
Engineers on Friday, December 10. References to 
previous research included one to Dr. Rose’s paper 
to the Institution in 1945, and another to a paper 
by Professor O. A. Saunders, M.A., D.Sc. (Eng.) 
(who was in the chair at the meeting), and Dr. 
Hugh Ford, B.Sc. (Eng.), Wh.Sc. In the present 
paper a more complete curve of the effects of the 
container wall has been deduced, and the results of 
the previous papers have been considerably extended 
to cover the cases of beds composed of materials 
differing widely from the spherical form, and also 
of beds composed of non-spherical materials of mixed 
shapes and sizes. An investigation into the effect 
of particle shape has also been carried out, the results 
being correlated by using the functional relation- 
ships between the different variables given in pre- 
vious papers. Curves have been developed which 
the authors believe to be applicable to any problem 
of fluid flow through a granular bed. Moreover, the 
results possibly correlate the problem of fluid flow 
through a granular bed with the much more funda- 
mental problems of the motion of a single sphere or 
a cylinder moving in an infinite fluid. _ he correla- 





tion of the results which are obtained with spherical 
and non-spherical materials is difficult, but it 
seemed reasonable to suppose that, at least for 
streamline flow, the required relationship would 
involve both the surface and the volume of the 
sphere and of the particle. A simple relationship, in 
which the ratio of the area and volume of the 
“equivalent sphere ”’ is equated to the ratio of the 
area and volume of the particle, enabled the results 
of a wide range of experiments to be correlated. 
A factor, K, is introduced, however, to render the 
correlation more accurate ; it is based on the shape 
and dimensions of the particle, and is most import- 
ant when the shape differs considerably from a 
sphere. As a result of these innovations, it is 
possible to predict the resistance offered by a bed 
of material of spherical or non-spherical form with 
reasonable accuracy. The equations given in the 
paper cover a range of “ porosity” of the bed of 
from 30 per cent. to 90 per cent., and practically 
the whole of the technically important range of 
Reynolds numbers. Professor Saunders, in opening 
the discussion, said that the authors had been very 
successful in giving a mainly empirical correlation, 
but the physical explanations of some of their results 
and assumptions were not always so satisfactory. 
Dr. R. Lessing, among others, remarked on the 
difficulties associated with the number of elements 
(or particles) per unit volume, and he deprecated 
the use of the term “‘ porosity” instead of the 
usual “‘ void ” or “‘ voidage.” 


THE ImpERiaAL COLLEGE UNION VacaTION 
Work ScHEME. 

The steady progress that has been recorded from 
year to year in the operation of the vacation work 
scheme for students of the Imperial College of Science 
has been well maintained in the twelve months 
covered by the 14th annual report, that is, the year 
which ended on October 31, 1948. If the increase 
is not so remarkable as it has been in some previous 
years, this is probably due to the fact that the 
cipacity of the College is limited and, in conse- 
quence, so is the maximum number of students who 
can register under the scheme to obtain practical 
experience in works and on engineering contracts 
during their long vacation or in the period between 
their enrolment as students and the beginning of the 
academic year. The number participating in 1948 
was 829, as compared with 705 in the previous year, 
this total including 591 from the three colleges—the 
Royal College of Science, the Royal School of Mines 
and the City and Guilds College—together with 
11 pre-entry students, 27 from other colleges, and 
200 from overseas. The number of firms who offered 
to take the students increased from 340 to 378, and 
the average remuneration from 3-415/. per week to 
3-91. The wages paid differ according to the cir- 
cumstances of the student as well as for reasons con- 
nected with the employment; students from 
overseas are often paid at higher rates than those 
from British homes, as those from other countries 
usually have higher subsistence charges to meet. 
The average rate for British students at home 
worked out at 31. 6s. 2d. per week ; but 73 per cent. 
of them received less than 3/., showing that some of 
the other 27 per cent. were being paid on fairly 
generous scales, bearing in mind their industrial 
inexperience. The average rate for overseas stu- 
dents employed by British firms was 3J. 13s. 4d. per 
week, only 20 per cent. receiving less than 31. The 
arrangements initiated in 1946 for the exchange of 
British and foreign students were considerably 
expanded during the year, largely as a result of a 
conference held at Imperial College in January, at 
which ten countries were represented. It was then 
found that the various countries had exchanged 484 
students during 1947, a total which was considered 
sufficiently encouraging to warrant the establish- 
ment of an International Association for the 
Exchange of Students for Technical Experience. 
This was done, and it is reported that the oe 

ed by this o isation during 1948 have 
totalled hela 950 and 1,000. Of the 194 British 
students, drawn from 12 universities or colleges, 
who took advantage of the scheme in 1948, the 
largest number (54) went to Sweden, which also sent 
the largest number (58) to Britain out of the 200 
who came to this country. 
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SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


THe 2lst annual report* of the Council for 
Scientific and Industrial Research presents a com- 
prehensive account of the progress achieved in 
research sponsored by the Government of the 
Commonwealth of Australia during the year ended 
June 30, 1947. As usual, considerably more than 
half of the work described has been concerned with 
various aspects of the agricultural industries which 
figure prominently in the prosperous economy of 
the Commonwealth. In this connection, a some- 
what disproportionate study, during past years, of 
methods of growing and. processing flax is likely 
to be regulated by the establishment of two new 
divisions of textile research, to deal with the funda- 
mental properties, spinning and utilisation of wool. 
Other extensions of research that have been begun 
during the year are to investigate meteorological 
physics, with special reference to the fundamental 
mechanism of weather changes; and metallurgy, 
for which the initial programme of work will include 
studies of the properties of metals at high tempera- 
tures, the preparation of metal compacts from 
metal powders, and the metallurgical applications 
of X-radiography. A start has also been made in 
studying the utilisation of atomic energy for indus- 
trial purposes, for which purpose a small team of 
chemists and engineers are to work for some time 
at the research establishment at Harwell, and 
afterwards to serve as a nucleus for atomic energy 
projects undertaken in Australia. 

This is not, however, the only branch of atomic 
physics under research, since equipment for the 
linear acceleration of elementary pxrticles up to 
high velocities is already under development in the 
Radio-Physics Division of the Council’s organisation. 
High-energy electrons are being obtained by acceler- 
ation in single and multiple resonant cavities. A 
single cavity, operating at a frequency of 1,200 
megacycles per second, gives a million-volt electron 
beam which is used to generate high-intensity 
pulsed X-rays. They are suitable for radiographic 
and therapeutic purposes, and the simple and com- 
pact equipment has progressed to the stage at which 
it can be taken over by a manufacturer. Work on 
proton acceleration has resulted in the production 
of an intense ion source and a satisfactory voltage 
in the accelerating cavity, but no acceleration of 
protons has yet been attempted. Attention has also 
been given to the design of a mass-spectrograph 
leak detector, and the construction of apparatus for 
detecting single nuclear particles. The latter includes 
boron trifluoride chambers for neutrons, and a 
linear amplifier for use with proton and «-particle 
counters. 

In many other directions, the better-balanced 
programme of research in physics that has become 
possible since the war ended has allowed the stan- 
dards for which the Physics Division is responsible 
to be maintained more satisfactorily. The work 
necessary to realise in Australia the International 
Temperature Scale (originally realised in terms of 
equipment calibrated by the National Physical 
Laboratory in England) is now almost complete ; 
but the situation is not quite so satisfactory in the 
case of photometric standards, for which secondary 
standards transferred from the corresponding N.P.L. 
prototypes were in use prior to the introduction, 
on January 1, 1948, of the “New Candle.” This 
unit of luminous intensity, defined by reference to 
a black body at the temperature of the melting 
point of platinum, will be realised in the Australian 
photometric laboratory by means of equipment 
which it is proposed to set up. Other optical 
investigations have been concerned with the 
measurement of reflectances and colours by means 
of a General Electric automatic recording spectro- 
photometer, which gives results so quickly as to be 
especially valuable for the examination of unstable 
chemical substances. Various photometric tech- 
niques have been adapted for the study of hamo- 
globin and similar solutions. The design of a photo- 
electric tricolorimeter, to suit a wide range of 
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industrial and scientific colour measurements, is 
approaching completion. 

A decidedly more remarkable project has the 
ultimate object of determining the spectral distribu- 
tion of energy in solar radiation, with special refer- 
ence to the far ultra-violet. When a satisfactory 
spectrograph for this purpose has been developed 
and calibrated, it-is proposed to project it, by means 
of a rocket, into the upper atmosphere, where the 
actual measurements will be made and recorded. 
The preliminary laboratory experiments are being 
made with an evacuated chamber, in which both 
the source of radiation and the meter are inclosed, 
to prevent absorption of the very short waves by air. 
The experimental ultra-violet source consists of a 
discharge tube of high intensity which emits a 
bright continuous spectrum down to 2,000A. For 
the measurement of minute quantities of ultra-violet 
energy, promising results are being obtained by means 
of evaporated-metal film resistance bolometers, 
the output response of which to an interrupted 
beam of incident energy can be amplified by standard 
electronic methods. An alternative technique, 
entailing multiplier phototubes, is being studied with 
the tubes maintained at liquid-air temperature to 
improve their performance. Other work on solar 
physies is concerned with the origin of chromospheric 
flares and the manner in which the propagation 
through the solar atmosphere of the magnetic field 
due to a sunspot is affected by the anisotropic con- 
ductivity of that atmosphere. In connection with 
the magnitudes of the resulting electric fields and 
currents to be expected, a theory is being examined 
in which the mechanism responsible for the expulsion 
of certain types of prominence from the chromo- 
sphere is attributed to the existence, near a growing 
sunspot, of conditions such that equal and uniform 
outward velocities, in the region of 100 km. per 
second, can be acquired by both positive and 
negative particles. 

The production of thin metal bolometers, men- 
tioned above, has been facilitated by equipment for 
evaporative coating, whereby black absorbing sur- 
faces of antimony can be obtained. Principally, 
however, the evaporation apparatus has been used 
to make reflectors, and semi-reflectors, of aluminium, 
which have proved to be so satisfactory in perform- 
ance and so conveniently made as largely to have 
superseded silvered reflectors. The apparatus has 
also been successful in depositing “‘ non-reflecting ” 
magnesium-fluoride films on glass. The practical 
aspects of reflected light are exemplified by studies 
of the circumstances in which heat transfer across a 
barrier is determined more by the radiative proper- 
ties of the barrier materials than by their thermal 
conductivities. Such conditions arise—indeed, they 
are deliberately introduced—in some forms of 
insulation where thin sheets, of polished aluminium 
foil, for instance, are used to reduce radiative heat 
transfer. They are being investigated by measuring 
the diffuse thermal reflectance of typical materials 
to the black-body radiation of a source at 100 
deg. C. 

Among a number of interesting devices for tem- 
perature measurement, which the Physics Division 
has developed, may be mentioned one for auto- 
matically recording the temperature of sea-water at 
various depths ; another for measuring stored energy 
in metals ; and apparatus for determining tempera- 
tures up to 250 deg. C. to an accuracy of +0-01 deg. 
C., with only 2 cm. immersion of the, thermometric 
element. In thermocouple techniques, especially 
for use in field work, the advantage of maintaining 
the reference junction at slightly above ambient 
temperature has been realised by the use of diphenyl 
ether, which freezes at approximately 27 deg. C. 
The indications are that this substance, if pure, can 
be relied on to provide a reference junction tempera- 
ture accurate to better than + 0-05 deg. C. In 
optical pyrometry with disappearing-filament instru- 
ments, a recent investigation has shown that the 
disappearance of a filament that is not uniformly 
bright can be greatly improved by including a 
suitably oriented polarising screen in the eyepiece, 
thus permitting the use of large apertures and 
generally increasing the accuracy of temperature 
estimation. 

Few Australian scientific experiments have 
aroused greater interest than those aimed at the 





artificial stimulation of rain, which, in fact, have 
had limited success in causing rain to fall from 
towering cumulus cloud formations. The subject is 
being vigorously pursued for its inherent interest, as 
well as on account of its great potential importance 
to Australian agriculture and livestock industries, 
and laboratory experiments are being made to 
investigate the process of ice-crystal formation in 
fogs of supercooled water droplets. Crystal growth 
is promoted either by local coolirfg with fragments 
of solid carbon dioxide or by the introduction of 
foreign particles to act as nuclei. It is considered 
that, once crystals begin to form in supercooled 
fog or cloud, the process will spread and, under 
meteorological conditions, the moisture may be 
precipitated as snow or rain. Among the particu- 
late substances tried in the laboratory, silver iodide 
has been found especially effective, as minute a 
quantity as 10-15 gm., dispersed as smoke, being 
enough to fill a 30-cub. ft. chamber with a dense 
fog of ice crystals. Investigations are in progress 
into the effects of the temperatures of the super- 
cooled cloud and of the cold fragments or particles 
introduced, in order to appraise the most favourable 
combination of conditions to cause precipitation. 
The process of crystal formation is said to be, 
visually, quite spectacular. Experimental results 
strongly support the Bergeron theory of rain 
formation ; in which connection, the distribution 
of drop size in newly formed clouds, the coagulation 
of falling drops, and the aerodynamic flow patterns 
around falling drops, are among the aspects being 
studied. To facilitate a variety of low-temperature 
research, a cryostat is in course of construction, 
capable of maintaining any temperature down to 
about 2 deg. K., and of liquefying gases. An oxygen 
generator has also been acquired and modified for 
use in liquefying air, its anticipated output being 
30 litres per hour. It may be further modified to 
produce liquid hydrogen. 

Work of this nature is related in many ways to 
precise hygrometry, for which purpose an electronic 
humidity controller, originally developed for tropic 
proofing tests, is now being used with success for 
measuring low and moderate humidities, and has 
potential applications in industry. It is therefore 
being studied theoretically and experimentally to 
ascertain whether a system of proportional control 
of temperature or humidity will maintain steady or 
regularly varying conditions. The basic laws govera- 
ing the behaviour of the wet-and-dry bulb psychro- 
meter have been investigated, with special reference 
to the relationship between temperature depression 
of the wet bulb, the diameter of the wet bulb, dnd the 
air movement past it. The results arrived at cast 
doubt on the validity and practical usefulness of 
previous work on the subject. An automatic dew- 
point hygrometer has been developed in which the 
formation of dew is detected photo-electrically, the 
current from the photocell being used to control the 
temperature of the surface. The sensitivity of a 
visual dewpoint hygrometer has been markedly 
increased by fitting to it an optical system whereby 
light is multiply reflected from the surface on which 
dew forms. 

The moisture content of fibres, which usually 
has an important bearing on their physical pro- 
perties, is now being estimated instantaneously, in 
the case of wool, by a method, based on the dielectric 
properties of a sample, somewhat similar in principle 
to that of an instrument developed at the National 
Physical Laboratory for determining the moisture 
content of grain. Efforts to appraise the average 
values and distribution of the diameters of wool 
fibres comprising a bundle are being pursued by 
optical methods, but the accuracy tends to be 
limited by the effects on the diffraction pattern of 
the typically non-circular cross-section of wool fibres. 
X-ray and electron-microscope studies of the struc- 
ture of wool fibres have confirmed the existence of 
three distinct components—a matrix of molecularly 
dispersed protein and two fibrous components of 
the cortex—including molecules which appear to 
be keratin, but are significantly different in form 
from accepted ideas of keratin. The molecular 
structure at the surfaces of wool fibres is also under 
investigation relative to the frictional properties of 
wool and their influence on the process of felting. 
The migration of individual fibres as felting pro- 
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ceeds has been recorded by a series of micro- 
photographs, revealing that tangling is produced 
by the rootward movement of some fibres relative 
to the others, and that normal fibres migrate 
differently from fibres submitted to shrink-proofing. 

The association between surface condition and 
friction is further exemplified by certain metal- 
lurgical investigations of the Tribopbysics Division 
of Australian research, in which the behaviour of 
boundary-lubricant films of fatty acids and metal 
soaps of known molecular thickness has disclosed 
that changes in friction occur at temperatures 
corresponding to known physical and chemical 
changes of the lubricant in bulk. Different metals 
need different numbers of molecular layers to give 
effective boundary lubrication, varying from one 
layer in the case of steel to seven with platinum. 
Accordingly, the physical and chemical properties 
of lubricants and surfaces, and of lubricant addi- 
tives, are being studied by the use of surface- 
potential and electron-diffraction methods, parti- 
cular attention being given to silicone lubricants, 
which are peculiarly suitable under widely ranging 
temperatures but have such poor boundary lubri- 
cating properties as to require additives for use 
under extreme-pressure conditions. By condi- 
tioning a metal surface in a high-humidity atmo- 
sphere, and then treating it with the vapour of an 
alkyl chlorsilane, it can be coated with a molecular 
film of silicone which resists wear and gives excellent 
boundary lubrication up to temperatures as high as 
250 deg. C. Among metal surfaces of copper, 
cadmium, steel, platinum and silver, all of which 
have shown good lubrication with silicone films, 
the last is particularly interesting, in that boundary 
lubrication of silver has not been achieved previously 
by normal methods. It appears that the greater 
the number and size of the alkyl groups in the 
silane, the better is the lubrication. 

The practical performance of lubricating films is 
being examined on an engine and a bearing-testing 
machine. In the former, the lubrication of piston 
rings is quantitatively studied by electrical-resist- 
ance methods associated with integration of cathode- 
ray oscillograph records. Similar electrical-resist- 
ance methods of estimating the running performance 
of sleeve bearings are being correlated with friction 
measurements made with a balance incorporating 
relatively highly stressed flexure pivots. In other 
experiments, radioactive tracers have been used to 
measure metallic transfer and wear during lubri- 
cated and unlubricated sliding. By including a 
radioactive isotope in one of a pair of sliding 
surfaces, the amount of metallic transfer can be 
measured by the activity of the previously stable 
surface, while the distribution of transferred metal 
can be determined photographically. This techrique 
has been particularly useful in detecting transfer of 
material between two surfaces of the same metal 
where chemical methods cannot be used. Radio- 
active lead, cobalt and iron have been used, revealing 
a definite relationship between the magnitude of the 
transferred metal and other frictional effects. In 
other experiments, the relative wearing properties of 
various plain carbon steels, and the effects of 
differing heat treatments, have been determined by 
drawing a hemispherical steel slider over a flat 
steel plate, both slider and plate being of the same 
composition and in the same state of heat treatment. 
The torn tracks thus produced indicate, when 
examined after taper-sectioring of the plates, that 
the best wear resistances so far determined are 
those of a 0-7-per cent. carbon steel, quenched and 
tempered ; and of a spheroidised 1-1-per cent. 
carbon steel. 

Among general lubrication research, attention is 
being directed to the influence of surface finish on 
the friction of lubricated and unlubricated metal 
surfaces, as well as on the rate of corrosion of metal 
surfaces in contact with oils containing fatty acids. 
Electrolytic polishing has proved of value in pre- 
paring, for frictional measurements, surfaces free 
from machining deformation, and is now used 
also in routine preparation, for microscopic examina- 
tion, of. metal specimens, including aluminium, 
cadmium, copper, lead, magnesium, silver, iron, tin, 
zine, and their alloys. Electrolytic polishing of 
pressed aluminium articles is being encouraged on 
an industrial scale. 





A considerable investigation is in progress into 
the factors which contribute towards non-uniformity 
of deformation, both in a metal as a whole and in its 
constituent crystals, when it suffers plastic deforma- 
tion. One such factor is the anisotropy of plastic 
properties. Crystals with different orientations of 
their crystallographic axes relative to the directions 
of applied stress exhibit different elastic limits and 
work-hardening characteristics. Hence they deform 
to different extents, the deformation of the specimen 
as a whole being an average value of the crystal 
strains. Even across a single grain, deformation, 
and hence work-hardening, vary, with corresponding 
effects on hardness. Moreover, a crystal is deformed 
in the neighbourhood of its boundary to an extent 
which differs from that near the centre of the crystal 
according to the average deformation of neighbour- 
ing crystals: an effect which has been discerned 
as far as } in. from a grain boundary. 

Another source of non-uniform deformation may 
be the deforming agent. In drawing, rolling and 
pressing operations, for example, the frictional 
contact forces at the tool deform the surface layers 
differently from the central body ; and subsequent 
annealing causes the more heavily deformed material 
to recrystallise at a lower temperature than the rest. 
This effect has been demonstrated experimentally 
with brass wire, and tests on iron are in progress. 
A further factor in two-phase alloys, also demon- 
strated with 60-40 brass, is the circumstance that 
the soft «-phase deforms at a lower stress than 
the harder £-phase. After annealing, the recrystal- 
lisation of a quenched alloy starts in the a-phase, 
whereas, if the alloy be slowly cooled, the £-phase 
is the first to start recrystallising. The work- 
hardening characteristics in the two different states 
appear to be different, at least in the early stages 
of deformation, the explanation advanced being 
the order-disorder transformation taking place in 
the f-phase, even though order may be destroyed 
by extensive cold-working. Whether the order can, 
in fact, be destroyed by cold work is being inves- 
tigated in the case of f brass, of which marked 
deformation is impossible on account of the brittle- 
ness of the f-phase ; but large deformations of the 
B-phase can be obtained if they are embodied in 
soft crystals of the ductile a-phase. Electrical- 
resistivity measurements of such a duplex alloy, 
after varying extents of deformation by wiredrawing, 
have indicated that resistivity increases consistently 
with the destruction of order in the f-phase. 

The design of electronic circuits suitable for flash 
photography of detonation waves has facilitated the 
study of the propagation of detonation in thin 
layers of liquid explosives, to which explosive 
gaseous mixtures are closely analagous. In the case 
of nitroglycerine, high-speed photography has 
revealed that, from the origin of explosion, a rela- 
tively slow process spreads for a short distance until, 
suddenly, detonation is initiated spontaneously 
ahead of the flame front of the previous gentle 
process, probably as a result of the combined effects 
of shock and heat from the reaction. Simultane- 
ously, a “‘retonation”’ wave is sent back through 
the hot gaseous products remaining in the wake of 
the primary flame. These gases move rapidly 
after the detonation wave, as also occurs in gaseous 
explosions, travelling with gradually decreasing 
speed until, after a short time, their motion is 
reversed and they travel, now somewhat more 
slowly, in the opposite direction. Another conclu- 
sion, drawn from the analysis of Schlieren and 
flash photographs, is that the propagation of 
explosion in a thin liquid film is an essentially dis- 
continuous process. Detonation, in effect, consists 
of a rapid succession of powerful but extremely 
localised, explosions. 

A research having valuable industrial potentiali- 
ties is being conducted upon the rheological, base- 
exchange and filtering properties of Australian 
bentonites, to ascertain how far they are, or can 
be made, suitable for use in oil-well drilling fluids. 
For this application, a relatively low concentration 
of bentonite in water should form stable thixotropie- 
gel suspensions with a high yield value, and should 
also be able to form a filter cake of low permeability. 
Work so far concluded has shown that, while none 
of the Australian bentonites is as: good as Wyoming 
bentonite, they can be considerably improved by 





base-exchange reaction treatment. For further 
work, techniques have been developed for measure- 
ments of base exchange, filter-cake permeability, 
swelling pressure, particle size, thixotropy and 
yield value. 

Among other Australian minerals under investi- 
gation, with a view to wider utilisation, mention 
may be made of chromite ore, for which a process 
has been developed for the production of chromic 
anhydride and monazite, recent work on which has 
been concerned rather with its thorium content 
than with the rare earths associated with it, but has 
not excluded attention to its small uranium content. 
The mineral rutile assumes importance from the 
fact that it yields titanium, in which connection the 
formation of titanium nitride and the bonding of 
this extremely hard substance into shapes suitable 
for machine tools are being studied with cncour- 
aging results. Considerable interest is now being 
taken in exploiting uranium-bearing deposits, of 
which at least two are known in Australia. One of 
them, at a place aptly known as Radium Hill, near 
Olary, in South Australia, is a complex titaniferous 
uranium ore. It has been the subject of a new 
method of treatment by fluoride processing, which 
has now superseded the alkali pyrosulphate treat- 
ment previously used. The other deposit, at 
Mount Painter, also in South Australia, consists 
largely of low-grade phosphatic tobernite ores. 
A cyclic process designed to leach these ores was 
designed but was not taken to the pilot-plant or 
field-installation stage, since, prior to that being 
done, it was thought worth while to investigate the 
problem, concentrating on a maximum recovery of 
the ayailable uranium. This work is now in 
progress, but only preliminary studies of solvent 
extraction of various leach liquors have been carried 
out so far, since it has been necessary to avoid 
rigid processing specifications until more is known, 
from work at the mines, of the variety of types and 
grades of ore that may be present. 

Another valuable investigation of the Industrial 
Chemistry Division of research has centred on the 
utilisation of native graphite and manganese dioxide 
for making dry cells. Particular attention has been 
given to the proportions and size distributions of 
these materials, in powder form, to achieve the 
maximum life of cells, and it appears that, if South 
Australian graphite is suitably purified and ground, 
it gives results at least equal to those of other 
natural and artificial graphite. Incidental to this 
and other research, the behaviour of finely-divided 
substances, in relation to the state of division or the 
exposed surface area, is being studied by a method 
of gaseous absorption, in which nitrogen is con- 
densed on the solid surface at the temperature of 
liquid air, the surface area being deduced from the 
amount of gas absorbed. For other types of pow- 
dered material—for instance, iron-oxide pigments— 
the electron microscope has proved a fruitful means 
of examination. A new effect, interpreted theoreti- 
cally in terms of a refraction of electrons due to the 
inner potention of a crystal, has been observed in an 
electron-difraction study of non-stoichiometric* 
compounds. It appears to be associated with 
solids having crystal defects, and to offer a long- 
sought explanation for the existence of anomalous 
line breadths and intensities in electron-diffraction 
patterns, since the effects obtained from stoichio- 
metric and non-stoichiometric phases of a single 
compound have been found to differ significantly. 
Since light is emitted when an electron passes from 
a higher co a lower state of energy, the electronic 
energy states of luminescent materials used in the 
lamp and radio-valve industries are being spectro- 
scopically examined when subject to periodic 
excitation. 


(To be continued.) 





ScortisH Ratiway JUBILEE.—The fiftieth anniver- 
sary of the opening of the direct line from Inverness 
to Perth via Carr Bridge occurred on November 1. 
The line was built to provide a shorter route than 
that previously available. It rises to Slochd Summit, 
1,315 ft. above sea level, the ruling gradient on this 
part of the line being 1 in 60. 





* Stoichiometry: the study of the numerical propor- 





tions in which substances react chemically. 
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LIGHTNING PROTECTION OF HIGH- 
VOLTAGE OVERHEAD SYSTEMS. 


Matters relating to “ The Lightning Protection of 
High-Voltage Overhead Transmission and Distribution 
Systems ” were dealt with by Mr. H. M. Lacey, in a 

per read before the Transmission Section of the 
Fostitution of Electrical Engineers on Wednesday 
November 10, 1948. Earthed structures, such as steel 
towers and tall buildings, the author said, were now 
believed to attract only such lightning strokes as 
would otherwise strike the adjoining ground within a 
distance from the structure equal to its height. On 
overhead transmission lines, most of the voltage surges 
and travelling waves caused by lightning were of 
negative polarity, their nature depending upon whether 
a conductor, an earth wire, or tower was struck, and 
also upon the occurrence of subsequent flashover. 
Except in the case of the induced surges, caused by 
the striking of an earth wire, tower, or adjacent ground, 
the amplitudes of all lightning surges were limited only 
by the flashover characteristics of the line insulation. 
Induced surges were of small amplitude, and were 
unlikely to be troublesome on transmission’ lines 
operating at voltages above 33 kV. When a travelling 
wave reached a point where the surge impedance of 
the line changed, part of the wave was reflected, and 
part was transmitted, the relative proportions depend- 
ing upon the values of the surge impedances on each 
side of the change point. 

The steepness of the front and the amplitude of a 
travelling wave decreased as it travelled along the 
line, these effects being most marked when the crest 
value of the wave was much greater than the corona 
voltage of the particular conductor concerned. The 
exact effects of corona upon wave attenuation, could be 
visualised by considering the corona envelope around 
the conductor as increasing the apparent capacitance 
of the line, thus reducing its surge impedance and 
the velocity of the wave. Studies of corona losses 
at normal power frequencies also suggested that these 
losses were ge pseremiee to the square of the voltage 
in excess of the corora voltage. Assuming this, it 
could be shown theoretically, that corona losses reduced 
the velocity of that portion of the wave front which 
was above corona, so that points on this portion were 
delayed or moved backward as the surge travelled 
forward. Hence the wave front above corona was 
flattened and sheared backwards to a greater degree 
than that portion below corona. Tests carried out on 
the grid lines of the British Electricity Authority 
confirmed this, and showed that wave attenuation was 
most rapid during the first few miles, especially for 


ogy voltages. 

en @ steep-fronted surge arrived at the line 
terminal of a transformer, the initial distribution of 
vol across the winding was determined by the 
latter’s capacitance which was small compared with 
the capacitance of the winding to earth. Moreover, 
capacitance currents in any part of the winding neces- 
sarily included the whole of the capacitance current 
flowing to earth beyond that point, so that the surge 
voltage was initially concentrated at the line end of 
the winding, where steep voltage gradients appeared. 
Subsequently, there was a redistribution of potentials, 
accompanied by oscillation of energy between the 
winding capacitances and inductances, which con- 
tinued until the voltage gradient across the whole 
of the winding became uniform. The risk of a trans- 
former breaking-down as the result of a surge could 
be minimised by increasing its surge strength, or by 
using protective devices which limited the amplitude 
or steepness of the incoming wave. An increase in the 
interturn insulation, by reducing interturn capacitance, 
tended to increase the surge voltage across it, and, 
even if the extra insulation increased the surge strength 
locally, the risk of breakdown might be transferred 
to other parts of the winding. In general, the designer 
attempted to improve the surge-voltage distribution, 
and the methods employed ranged from the provision 
of a simple static end-ring to improve the distribution 
in the turns at the line end, to complete shielding in an 
attempt to render the distribution entirely uniform. It 
was now generally agreed that the most onerous con- 
ditions to which transformer insulation might be 
subjected, were those produced by lightning surges, and 
the practice was growing of specifying an impulse 
test among the general acceptance tests for this class 
of equipment. 

Methods for protecting overhead lines and sub- 
station plant might be broadly classified according to 
whether the object was to prevent lightning from 
reaching or striking the line conductors, or to mitigate 
the effects of a surge after the line has been struck. 
Those under the latter heading might be further 
sub-divided, depending upon whether the aim was to 
reduce the amplitude or the slope of the surge. Reduc- 
tion of both amplitude and steepness was desirable, 
though it was controversial which was the more import- 
ant. An earth wire suspended above the line conductors 





was likely to prevent any conductor from being struck, 
which lay below a quarter circle drawn with its centre 
at the height of the wire, and of radius equal to this 
height. The use of one earth wire, therefore, pro- 
tected a vertical arrangement of line conductors, 
but two should be employed if the lines had appre- 
ciable horizontal spacing. The protection afforded 
depended largely upon the value of the resistance 
between the earth wire and earth, and this value should 
be kept low. Otherwise, the dangerously high poten- 
tial, to which the tower or earth wire was raised by 
being struck, was only reduced slowly. Although 
earth wires could be used to give complete protection 
to the line, their installation under all conditions would 
not be economical, and important plant was commonl 
protected by devices which diverted to earth all 
voltages in excess of a given value. These diverters 
might be divided into two types, according to whether 
or not they interrupted any power are which might 
follow the initial discharge or flashover. 

The simplest form of surge diverter was the ordinary 
air-gap, such as the arcing-ring, or plain rod-gap. 
Their operation might impose a severe electrical shock 
on the system, however, and furthermore they failed 
to interrupt any subsequent arc. Nevertheless, 
they prevented damage to insulator assemblies and 
provided a step in any general scheme of insulation 
co-ordination. The next type of diverter, in order of 
simplicity, was the expulsion-gap. Expulsion-tubes 
had a shorter time lag than rod-gaps, but excessive 
currents might burst a tube, while small currents 
might not set up sufficient pressure to extinguish the 
arc. Provided a tube was chosen which compromised 
between these extremes, fault currents were usually 
interrupted within the first or second half cycle. The 
diverter having fewest technical objections was the 
lightning arrester, and though it had the inherent dis- 
advantage that the wave front was not affected until 
the gaps sparked over, this was not serious, provided 
their time-lag was made short. As already indicated, 
it was desirable to reduce both the steepness, and the 
amplitude of a surge, and if the wave front was 
flattened by the use of a series inductance, precautions 
must be taken to prevent oscillation between this and 
the sub-station capacitance, by inserting a resistor in 

el with the inductor. The Ferranti s 
absorber and the E.R.A. surge filter both incorporated 
this principle. 

Although further research was still needed on 
lightning phenomena and protective devices, it was 
already possible to secure complete immunity from 
lightning surges, provided circumstances justified the 
cost. On ordinary lines which crossed country where 
there was no special lightning risk, it was recom- 
mended that a single earth wire be mounted we 
above the conductors, and that the insulator strings 
be equipped with arcing horns or rings. Little help 
could be expected from attenuation if the line were 
struck close to the station, and for distances of a mile 
or so from the station it was recommended that two 
earth wires be used, in addition to the arcing rings or 
horns. Similar measures were recommended for any 
section of the line which was particularly susceptible 
to lightning strokes, though only one earth wire need 
be used if the conductors were in a vertical plane. 
Expulsion tubes should be used with extra-tall towers 
or with towers in soil of low resistivity. In such 
cases, the tubes should also be fitted to adjacent 
towers until more normal conditions were reached. 
These general recommendations might also be adopted 
for wood-pole lines. The resistance to earth of the 
earth wires must be kept low, and if this were difficult, 
the line as a whole might be operated without an 
earth wire, except for that section within a mile or 
so of the sub-station. 

Sub-station protection postulated the absence of 
vulnerable parts, such as overhead-line terminations 
and transformer bushings which were likely to receive 
a direct lightning stroke. This condition would 
probably be fulfilled if the height of any earthed metal 
structure above a vulnerable point exceeded the hori- 
zontal spacing between them. Special attention should 
be given to the earthing of metal structures and of 
equipment, such as transformer tanks, cable sheaths 
and overhead-line towers in the vicinity, as well as 
to the earthing of all protective devices (whether 
installed at or away from the station). If the protective 
measures adopted were insufficient to prevent an 
occasional flashover of the line insulators, then the 
insulation of the various items comprising the system 
should be co-ordinated in a manner thac minimised 
the cost and inconvenience of occasional failure. 
Over-insulation of the lines, however, increased the 
risk to sub-station plant, though this risk could be 
reduced by the use of relief gaps. The farther away 
from the station the flashover occurred the better, owing 
to the protection afforded by the natural attenuation 
of the travelling wave. 

Surge diverters might be divided into three main 
classes, which, in ascending order of cost, were plain 





rod-gaps, expulsion-tubes, and lightning arresters. 
In general, it was desirable to install such devices at 
all sub-stations connected to overhead lines, but care 
should be taken to minimise the length of lead from 
the line to the device, and from the device to earth. 
Long leads delayed the return of the wave of opposite 
polarity which provided the protection, while their 
inductance added appreciably to the impedance of the 
circuit. The devices must also be well earthed. A 
protective gap should not be installed near a sub- 
station, since an incoming surge which failed to jump 
the gap initially. might do so when doubled by reflec- 
tion. In such cases, the sub-station would first receive 
a wave doubled by reflection, and then a wave of 
opposite = of double amplitude, the total 
voltage change being four times the initial amplitude 
of the surge. It had to be recognised also that the use 
of a cable at a sub-station would not reduce the ampli- 
tude of long surges unless a very long length were used, 
since the elticacy of the cable depended upon the surge 
im nce of the line, and little protection om 
therefore be offered against waves which flashed over 
close to the sub-station. Consequently, protection by 
cable was most effective in conjunction with methods 
which tended to leave short waves on the line. If a 
cable were used, the longer it was made the better, and 
precautions. such as the use of a double earth wire, 
should be taken to avoid flashover in, say, the mile of 
line adjacent to the cable, relief gaps being fitted at the 
remote end. When possible, the cable sheath should 
be well earthed throughout its length. Since neither 
the efficacy of the Ferranti surge absorber nor that of 
the E.R.A. surge filter depended solely upon the surge 
impedance of the line, these devices could be used with 
protective gaps at their terminals. 

Purely from the standpoint of protecting a trans- 
former against lightning surges, it was important that 
the “earth” end of any protective device, as well as 
the transformer tank and the neutral point of a star- 
connected secondary winding, should all be at the same, 
rather than at earth potential, though under ideal 
conditions this would be the case. Hence these three 
points were sometimes connected together, and hough 
this practice momentarily raised the tank and secondary 
winding to a high potential when high surge — 
occured on the primary side, it reduced the risk of a 
breakdown between the high- and low-tension windings 
and the greater consequent danger to anyone using the 
lower-voltage circuit. When the primary winding of 
the transformer was star-connected, then its neutral 
point could be raised to a very high potential by 
surges originating on the primary side. Its neutral 
point should therefore be earthed, but if the general 
operating conditions prohibited this, then an air-gap 
or some other protective device should be inserted 
between the neutral point and earth. Thus when a 
high-voltage surge occurred on the primary side, the 
risk of breakdown would be minimised by the momen- 
tary earthing of the neutral point. 

Further information was required on many aspects 
of surge phenomena, and statistical data on lightning 
faults would be helpful. Problems affecting lines 
operating at high voltages below 33 kV also needed 
studying. On such lines, the induced surges caused by 
nearby lightning strokes were more important than the 
corresponding surges on higher-voltage systems. Wave 
attenuation, which had been examined experimentally 
only on 33-kV and 132-kV lines mounted on steel 
towers, should also be investigated on the lower- 
voltage lines, especially on those supported by wood 
poles. Further information was also required about 
the magnitudes of lightning currents, and upon the 
impulse characteristics of overhead-line insulators in 
the 33-kV to 132-kV range. Much research could still 
be carried out on the behaviour of various types of 
transformer winding under surge conditions, and, in 
order to assist in the design of transformers capable of 
withstanding a specified impulse test, the effects of 
surge voltages on creepage surfaces under oil were now 
being investigated. 





TRAVELLING INSTRUCTION VEHICLES FOR RAILWAYMEN. 
—Two new “schools-on-wheels”’ are being brought into 
use on British Railways for the instruction of enginemen 
and artisans on the use and maintenance of locomotives. 
Each consists of two carriages with six-wheel bogies, 
one being equipped with seats for 31 people, film projec- 
tors, an epidiascope, blackboards, a bench and tools, and 
accommodation for a travelling lecturer ; and the other 
containing working dels of Walschaerts and Stephen- 
son valve gears, vacuum-brake and steam-brake 
equipment, and automatic train-control apparatus, and a 
full-size replica of a firebox backplate with fittings. 
There are also many other fittings, some sectioned for 
instructional purposes. The vehicles, which are addi- 
tional to the “‘ school’ which has been in use on the 
Eastern and North Eastern Regions for some years, were 
constructed in Derby Works, and will visit motive-power 
depots throughout the country. 
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25-TON UNIVERSAL TESTING 
MACHINE. 


At the recent British Exhibition in Copenhagen, 
Messrs. Tangyes, Limited, Cornwall Works, Smethwick, 
Birmingham, showed a 25-ton universal testing machine 
which they have introduced since the war. An 
elevation of the lower part of the machine, with the 
cabinet cover removed, is shown in Fig. 1; Fig. 2 is 
a plan, and Fig. 3 illustrates the complete machine. 
The design enables tensile, compression, beam, shear and 
bending tests to be undertaken, and it is also possible 
to carry out such general pressing operations as bush- 
ing, forming and straightening, where precision control 
is required. Power is provided by a hydraulic pump 
operated by a hand lever. The operator can readily 
observe the test piece and the load-indicating dial 
from his position in front of the pump lever, and the 
maximum load is indicated by a pointer which remains 
set after fracture of the test piece. 

Compression and bending tests are carried out within 
the cabinet part of the machine, doors being provided 
at each end in the cover to allow access for bending tests. 
Tensile tests are carried out on the upper, outer, part. 
There are three principal straining crossheads. The 
middle crosshead is always stationary, and the upper 
and lower crossheads, tied together by two vertical 
rods, are moved upwards by a piston working in a 
cylinder. The stationary crosshead, indicated at a in 

ig. 1, is fixed to the cylinder body 6, by two vertical 
tie rods c and d, which, in plan, are disposed obliquely, 
as shown in Fig. 2. The crosshead carries a com- 
pression-test or beam-test anvil underneath, and the 
lower tensile-test jaw on top. The top of the cabinet, 
forming a tray, is fixed to it. 

The cylinder body is bolted to the base of the 
machine, which also supports the pump e. The lower 
crosshead f is mounted on the upper end of a 5-in. 
diameter ram. It carries the lower compression-test 
anvil, which is a removable block, 4} in. in diameter, 
with a spigot. It also forms a base for two beam- 
support Tnife-edge blocks (shown chain-dotted in 
Fig. 1), which can be set at 3-ft., 2-ft. or 18-in. centres, 
symmetrical about the vertical centre-line of the 
























Fie. 3. 


machine, by means of a spigot on each support block 
which fits into an appropriate hole in the crosshead. 
The lower crosshead is drilled to allow the tie rods 
c and d to pass through. It is connected to the upper 
crosshead g (Fig. 2), by two columns h and i, which 
pass through clearance holes in the middle crosshead a. 
The upper crosshead carries the upper tensile-test jaw, 
which is adjustable for height by means of a large nut 
with wing handles working on a screwed spindle. Self- 
aligning mountings are provided for the tensile jaws 
and the upper compression anvil to ensure that test 
—_ are always loaded axially. The pump is of the 

and-operated plunger type, and can operate at a 
maximum pressure of 3,000 lb. per square inch. An 
oil reservoir is incorporated ih the pump housing, and 
all working parts are of bronze immersed in oil. A 
power-operated pump can be supplied, but the hand 
pump is ordinarily quite suitable. 

A spring-loaded relief valve is fitted to the pipe con- 
necting the pump and the cylinder, to protect the 
machine against overloading. Oil is released from the 
cylinder at the conclusion of a test by opening’ the 
manually-operated release valve j, which allows the oil 
to return to the inlet side of the pump. The load- 
measuring system is entirely separate from the hydraulic 
straining system. It is of the metal-diaphragm type, 
hydraulic pressure being generated behind the dia- 
phragm without internal friction, resulting in an 
accurate load indication. The dial may be read to 
the nearest $ cwt. throughout the load range ; thus, for 
all loads in excess of 2} tons, the accuracy of the 
machine is within 1-0 per cent.,or better. The metal- 
diaphragm unit is housed in the body of the lower 
crosshead ; it is hermetically sealed and requires no 
maintenance. Hydraulic pressure is transmitted to the 
dial, which is a Bourdon-type gauge. As the main 
pointer advances round the dial it propels a pointer 
which permanently registers the maximum load after 
the test piece has failed. The dial is provided with a 
zero adjustment which enables it to be corrected for 
the weight of the lower crosshead and column assembly. 

A pointer attached to the column ¢ registers on two 
scales mounted on a bracket on the top of the cabinet. 
One scale is fixed and indicates the stroke or position of 
the moving crossheads, and the other can be pre-set at 
zero to indicate deflection. Both are graduated in frac- 
tions of aninch. An adjustable armoured-glass screen is 
mounted on the column h, to protect the operator 





against flying particles when a specimen breaks. 
Access to the compression anvils is provided by two 
doors in the front of the machine, the upper door hav- 
ing an armoured-glass screen. The form of the tensile- 
testing jaws will be apparent from Figs. 1 and 3. 
The latter shows a specimen with ends screwed into 
adapters which fit in the jaws. There is ample room 
for fitting an extensometer. 

The method of using the machine has been indicated 
in the foregoing description. Itis quite simple: for a 
tensile test the operator adjusts the position of the 
top jaw to suit the specimen; he shuts the release 
valve, sets the maximum-load pointer to zero, and 
commences to strain the specimen by working the 
pump. The yield point of ductile material is marked 
by a pronounced check in the movement of the load 
pointer. The machine does not require to be fixed to 
the floor. It weighs approximately 25 cwt., occupies 
a floor area 3 ft. 6 in. by 2 ft. 3 in., and has a maximum 
height of 8 ft. The maximum stroke is 4 in., and the 
maximum and minimum distances between the loading 
faces of the tensile-test jaws are 104 in. and 1} in., 
respectively. The maximum and minimum distances 
between the compression-test anvils are 5} in. and 1} in., 
respectively. Tensile-test grips are available for 
specimens having screwed, shouldered, and plain ends. 
Strip specimens having a maximum cross-section 
1} in. by in. can be tested in tension. Beams up to 
34 in. deep can be accommodated in the machine, the 
maximum loads being 20, 15 and 5 tons at 18-in., 
24-in. and 36-in. centres, respectively. 





THE NIMONIC SERIES OF ALLOYS. 


Some interesting data regarding the application of 
the Nimonic series of alloys to gas-turbine design are 
contained in a well-written and documented brochure 
issued by the Mond Nickel Company, Limited, Gros- 
venor House, Park-lane, London, W.1. The alloys 
are of the 80/20 nickel-chromium type and three of 
them, namely, Nimonic 75, 80 and 804A, are in regular 
service for components of aircraft gas-turbine engines. 
These alloys are not only highly resistant to oxidation 
and corrosion but are used where only a limited amount 
of creep deformation can be tolerated under a steady 
load at high operating temperatures. Nimonic 75 
was the first alloy of the series to be developed. It is 
ductile at room temperatures and can be formed by 
hand beating or spinning as well as by pressing or 
rolling. It is resistant to oxidation at temperatures 
of the order of 1,100 deg. C., and the compilers of the 
brochure state that the strength of the alloy does not 
begin to fall off rapidly until a temperature of about 
1,000 deg. C., is reached. It is used for combustion- 
chamber components of aircraft turbines, and has been 
adopted for parts of similar type for a number of land 
turbines now in course of construction. Nimonic 75, 
it is pointed out, is eminently suitable for melting and 
casting by the “lost wax” process which makes 
possible the production of intricate nozzle guide vane 
assemblies in aircraft jet-turbine engines. 

The second alloy in the series, Nimonic 80, is used 
for the moving blades of aircraft turbines. It is 
essentially a forging alloy possessing high resistance to 
fatigue, and is recommended for service temperatures 
up to, but not much in excess of, 750 deg. C. In order 
to meet the need for high stress-carrying capacity at 
750 deg. C., and above, Nimonic 80A has been developed. 
It can be used for relatively short-time service in the 
range up to 820-850 deg. C., and is also superior to the 
“No. 80” alloy in load- ing capacity at lower 
temperatures. All three alloys begin to melt at about 
1,380 deg. C. Nimonic 75 can be forged successfully 
in the temperature range 1,180-1,230 deg. C. Forging 
can continue down to about 1,050 deg. C., but becomes 
increasingly difficult, requiring heavier equipment. 
Forging of the Nimonic 80 and 80A alloys can be per- 
formed satisfactorily in the range 1,050-1,150 deg. C. 
Owing to the rapidly increasing stiffness of the materials 
below 1,000 deg. C., however, frequent reheatings 
are necessary in the forging operation. The furnace 
atmosphere should be oxidising and the fuel used 
should have a low sulphur content. Alloys Nimonic 80 
and 80A are heat-treated by being given a solution 
treatment of 8 hours at 1,080 deg. C., followed by an 
ageing treatment of 16 hours at 700 deg. C. The 
extended period of time at the high solution tempera- 
ture causes what is described as an “ altered ” super- 
ficial layer having a maximum thickness of 0-003 in. 
on the surface of the metal. This layer, it is pointed 
out, should be removed by machining or other means 
before the part is put into service. 





RENEWAL OF SHEFFIELD RaILway JUNCTION.—The 
tracks of the junction at the east end of Sheffield Victoria 
station were renewed on Sunday, December 5. The new 
tracks were pre-fabricated in 32 sections and laid by 
two 10-ton cranes. 
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LABOUR NOTES. 


Discusstnc, in the December issue of the union’s 
Record, the need for increased productivity, Mr. Arthur 
Deakin, general secretary of the Transport and General 
Workers’ Union, refers to misunderstandings about 
joint production committees. After stating that this 
means of joint consultation was developed during the 
war period, when it proved to be of great assistance in 
examining and solving many production problems, he 
adds that, although there was not the fullest develop- 
ment of this type of consultative machinery, it was 
sometimes abused. Some trade-union members re- 
garded it as another means of negotiation and others 
as a platform for the expression of political views and 
theories, thereby causing consternation to the mana- 
gerial representatives. On the whole, however, the 
trade-union movement was confident that this kind of 
joint consultation was essential and should be developed, 
but om the clear understanding and appreciation that 
it had not been created to deal with problems of wages 
and conditions, for which adequate machinery was 
already provided. 


Joint production committees, Mr. Deakin continues, 
should not be treated as outlets for certain points of 
view, but as consultative bodies-through which work- 
people could use their knowledge and experience to assist 
in the planning of industrial effort. If these committees 
were properly balanced, the unions could destroy com- 
pletely the suggestion that they are a means of inter- 
fering with managerial functions. Employees, Mr. 
Deakin says, have a definite part to play in solving 
the problems of production and this form of joint 
consultation in no way impinges on the authority of 
management, but is complementary thereto. Co- 
operation and understanding by all concerned are 
indispensable to the success of the drive for greater 
productivity. 





Replying to criticisms of the Anglo-American Council 
on Productivity, Mr. Deakin writes that any statement 
that the Council is another attempt to interfere with 
the sovereignty and policy of the United Kingdom, is 
not supported by the facts. He continues that, being 
himself a member of the Council, he can say most 
definitely that no Council has met under such free and 
frank conditions. There was no attempt on the part 
of the American representatives to suppose that this 
country was a “ poor relation,” or a backward and 
inefficient partner. The basis of approach was that 
each side had something to contribute to the benefit of 
the other, and to make available to each the experience 
and knowledge of both, thereby bringing about a rising 
trend of mechanisation and the utilisation of power. 
The aim was to provide that increase in productivity 
which would enable industry generally to increase 
overall production and secure better standards of 


living. 


The increasing numerical and financial strength of 
the trade-union movement is referred to in statistics 
compiled by the Ministry of Labour and National 
Service, and published in its November Gazette. The 
total membership of the 730 registered and unregistered 
trade unions in the United Kingdom, at the end of 
1947, was 9,114,270, compared with 757 unions and a 
total membership of 8,774,510 in the previous year. 
Thus, although there was a fall in the number of unions, 
the membership increased by 339,760, or 3-9 per cent. 
The 1946 membership total, however, represented an 
increase of approximately 923,000, or 11-8 per cent., 
on the figure or 1945, when there were nearly 7,852,000 
members, belonging to 780 unions. Of the total 
membership at the end of 1947, 7,452,180 were men 
and 1,662,090 women, compared with 7,157,440 men 
and 1,617,070 women at the close of 1946. 








At the end of 1947, unions representing road and 
dock transport and general labour had the largest 
membership of any group, with a total of 2,203,000, 
of whom nearly 305,000 were women. Unions in the 
metals, machines and conveyances group had a total 
membership of 1,636,000, including 70,000 women, 
while the coal-mining group showed a total member- 
ship of 765,000, of whom over 14,000 were women. 
It is worthy of note that these three groups, with a 
combined membership exceeding 4,604,000, together 
represented one-half of the aggregate membership of 
all unions. The railway group of unions had a total 
membership of 631,000, which included 33,500 women, 
and the water transport group 103,000, of whom only 
480 were women. 





Registered unions, in Great Britain only, made 
considerable progress during 1947, according to the 
return of the Chief Registrar of Friendly Societies. 
At the end of that year, there were 417 unions on his 
register, with a total membership of 7,758,262, compared 
with 428 unions having an aggregate membership of 





7,475,071 at the end of 1946, an increase of 283,191. 
At the end of 1938, there were 426 unions, with a com- 
bined membership of 4,867,055. The total funds of 
these unions increased from 20,014,000/. in 1938 to 
46,211,0007. in 1946, and 50,081,000/. at the end of 
1947. Their total income rose from 9,581,0001. in 1938, 
to 14,617,000/. in 1946, and to 16,663,0001. in 1947; 
while their working expenses for these three years were 
3,303,000/., 5,996,000/., and 6,803,000/., respectively. 
There were 95 registered associations of employers, 
witha combined membership of 91,961 atthe end of 1947. 





Employment statistics for September show that 
the working population, i.e., men up to the age of 65 
and women up to the age of 60, in work or available for 
work, increased by 30,000, of whom 19,000 were men 
and 11,000 women. The revised figures for August 
show a total increase of 43,000, comprising 19,000 men 
and 24,000 women. In both months the increases, 
which have stopped the downward trend existing since 
December, 1947, have been due mainly to juveniles 
leaving school for employment. The total working 
population at the end of September, excluding persons 
engaged in indoor private domestic service, was 
20,338,000, of whom 14,572,000 were men and 5,766,000 
women. The returns of the Ministry of Labour and 
National Service show that, at that time, 60,000 
persons, formerly in the Forces, were on release leave 
without having taken up civilian employment. A 
further 308,000 insured persons were registered as 
unemployed, leaving an aggregate of 19,970,000 persons, 
14,283,000 men and 5,687,000 women, in active civilian 
employment and in the Forces. 





The number of persons in civilian employment 
increased by 46,000 during September to a total of 
19,183,000, of whom 13,532,000 were men. In the 
week ending September 25, 25,000 workpeople were 
on short time, losing an average of 12 hours each, 
while, on the other hand, some 820,000 operatives each 
worked an average of seven hours overtime. The total 
number of persons employed in the basic industries 
remained stationary at 3,716,000, an increase of 4,000 
in agriculture since August, being offset by losses of 
2,000 in transport and shipping, 1,000 in coal-mining, 
and 1,000 in public utilities. There were 314,458 
persons registered by the Ministry of Labour as un- 
employed on October 11, compared with 294,288 on 
September 13, representing on both dates about 14 per 
cent. of the working population, and an increase over 
the four weeks of 20,170. 9,900 employees of foreign 
nationality were placed in employment during Septem- 
ber, compared with 5,300 in August and 7,500 in July. 





There were relatively few industrial disputes during 
October, when 157 stoppages were registered as being 
in progress. These involved 18,300 persons and caused 
the loss of 51,000 working days. During September, 
115 stoppages occurred, in which 14,300 employees 
were involved and 41,000 working days lost. The 
comparative figures for October, 1947, were 179 dis- 
putes, with 72,600 persons involved and 213,000 days 
lost. Of @e 157 stoppages in progress during October 
last, 104 occurred in the coal-mining industry and 21 in 
the metal, engineering and shipbuilding group of 
industries. Ten disputes were in progress when the 
month began and a further 147 commenced during 
the month. 





A commencement is expected to be made in Scot- 
land, during the next few months with the migration 
policy of the National Coal Board under which miners 
will be transferred from exhausted and uneconomic 
pits to new coalfields. Mr. Abe Moffatt, President 
of the Scottish area of the National Union of Mine- 
workers, stated in Edinburgh last week that, by closing 
40 Scottish pits, spread over the next two years, it 
was hoped eventually to increase coal production there 
by over 20,000 tons daily. Six of the pits are to be 
closed for economic reasons and the remaining 34 
because of exhaustion. The 7,000 miners concerned 
will mostly be transferred to other pits in their own 
localities. For some of them, however, the scheme will 
mean transferring, with their homes, to new districts. 





EXHIBITION OF RapDIOGRAPHS.—An exhibition of 
industrial radiographs will be held at the Spring Meeting 
of the Industrial Radiology Group at the Institute of 
Physics, on Friday and Saturday, February 18 and 19, 
1949. Entries should be suitable for showing on standard 
viewing lanterns, but mounted prints may also be sub- 
mitted. Wherever possible, entries should be accom- 
panied by photographs or samples of the specimens which 
they represent. A short description should accompany 
each entry. Intending exhibitors should apply to the 
Institute, 47, Belgrave-square, London, S.W.1, for entry 
forms. 





DIESEL ENGINES FOR ROAD 
TRANSPORT.* 
By Str Harry R. Ricarpo, F.R.S. 


I PROPOSE to-day to speculate as to the next steps 
in the development of high-speed Diesel engines, 
more especially for road transport. I think we should 
consider first the fuel position which must dominate 
the picture, and which is undergoing a radical change. 
Tn 1922, when my firm started on research and develop- 
ment of the high-speed heavy oil engine for road 
transport, the oil companies throughout the world 
were embarrassed by a surplus of what are usually 
termed the middle distillates, and there was then a 
pressing and urgent need for a road-vehicle engine 
which could “ digest” them; hence the advent and 
remarkably rapid development of the high-speed 
compression-ignition engine. In those days, petrol 
was produced only by direct distillation of the crude 
oil and since its final boiling point was limited, by the 
petrol engine’s digestion, to something less than 200 
deg. C., this left a very large proportion of higher 
boiling distillates for which there was little or no 
market. 

To-day the picture has been changed completely by 
the rapid increase in the use of the middle distillates 
for domestic heating, more especially in America, by 
the development of modern methods of producing 
petrol by breaking down the heavier fractions, and by 
the rapid and widespread use of the compression- 
ignition engine for heavy road transport. The increa- 
sing demand for light and middle petroleum distillate- 
has now produced, in turn, a surplus of heavy distils 
lates and residue oils, and it is to the digestion of 
these that our attention should, I think, be turned. 
For the time being we are served with a light distillate 
of more or less uniform quality known as Pool gas oil, 
which is easy to digest, but it would seem that, when 
the normal laws of supply and demand begin once 
again to operate, there will almost certainly be a 
price differential in favour of the heavy distillate and 
residue oils and the race will be won by the engine 
which can best digest these. It would appear, then, 
that, in the near future, we shall have to cope with 
fuels of low volatility, poor ignition quality (low 
cetane value) with a high ash content, and which, on 
account of their high viscosity, will be much more 
difficult to filter efficiently. 

Let us consider what these factors mean in terms of 
engine design. During the process of combustion, each 
droplet of fuel as it enters the combustion chamber is 
quickly surrounded by an envelope of its own vapour 
and this in turn is inflamed; burning then continues 
from the surface of the envelope while the core of the 
droplet is still liquid and the rate at which it proceeds 
is dependent to a large extent upon the rate of evapora- 
tion of the liquid. If the fuel is of low volatility, it 
will take longer both to form the initial envelope of 
vapour and to complete vaporisation and combustion 
of the core. In other words, it will mean both a longer 
delay period and slower burning after the initial delay. 
We can speed up the process by employing: (a) a 
higher compression temperature; (5) a higher com- 
pression pressure ; or (c) a more rapid movement of 
the air. We would prefer not to increase the ratio of 
compression beyond about 16 or 17:1, for the higher 
the compression ratio the smaller the clearance volume 
and the r the proportion of outlying air entrapped 
in the corners and clearance spaces where it cannot be 
reached by the fuel, and therefore the lower the power 
output. We can, however, raise the compression 
temperature by the introduction of a heat-insulated 
member, but this must be placed so that it does not 
heat up the incoming air or we shall lose heavily in 
volumetric efficiency. A further advantage of the 
heat-insulated member, provided it be of compara- 
tively small heat capacity, is that it provides 4 con- 
siderable measure of automatic compensation, in that 
its temperature rises with increase of engine speed, 
thus speeding up the combustion process and so 
keeping it in step. 

Fig. 1, opposite, shows an example of the heat-insu- 
lated member as applied to a poppet-valve engine 
employing compression induced air swirl. It will be 
seen that the fuel jet impinges against the wall of the 
insulated member and that both the air during com- 
pression and the products of combustion during expan- 
sion have to pass through the tangential passage in that 
member. It will be noted also that it is placed so that 
the minimum of hot surface is exposed to the air entering 
the cylinder during the suction stroke. 

Fig. 2 shows another example of the heat-insulated 
member, as applied to an open-chamber direct-injection 
sleeve-valve engine employing induction induced swirl, 
in this case a lining of heat-resisting steel. In this 
example, it will be noticed that the fuel jet does not 





* Paper read before Section G of the British Associa- 
tion, at Brighton, on Tuesday, September 14, 1948. 
Abridged. 
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impinge directly against the heated lining, but, owing 
to the intense rotational air swirl, any ash or incom- 
pletely burnt products are thrown out centrifugally 
against the lining. It will be noted also that in a 
sleeve-valve engine the air-inlet ports are situated in 
the main cylinder barrel well below the combustion 
chamber; thus the entering air does not come into 
contact with the heated member during the induction 


So much for means for increasing the compression 
temperature without either pre-heating the induction 
air or raising the compression ratio. There is abundant 
evidence that increase of pressure alone will speed up 
the process enormously, due to the greater intimacy of 
contact and greater rate of heat transfer, and this 
points to supercharging as a good line of approach. 

Both the rate at which heat will be transferred from 
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the air to the droplet in the first place and the rate at 
which the combustion products from the burning 
envelope of vapour will be scoured away from the 
core, depend upon the relative velocity of the fuel and 
air; hence it would seem that the lower the volatility 
of the fuel, the greater should be the intensity of the 
air swirl. In general, the heavier. distillates have a 
somewhat higher self-ignition temperature, or, as we 
express it to-day, a lower cetane number. This means, 
of course, that the margin of air temperature over and 
above the ignition temperature of the fuel is less and 
the delay period before ignition, already longer than 
we like, is still further extended. The practical effect 
of a low cetane number is much the same as that of 
low volatility and the treatment much the same for 
both. Our observations show, however, that pressure 
rather than temperature plays the dominant part in 
initiating the combustion process, and in shortening 
the delay period. 

The high ash content of these heavier fuels has to 
be considered from two points of view: (a) the depo- 
sition of ash and carbon, etc., in the combustion: space 
and cylinder; and (b) the rate of wear of cylinder 
liners, piston rings, etc. When the burning droplets 
impinge upon a saelively cool surface they will deposit 


with the resinous gum from the lubricating oil, will 
tend to build up rapidly. If, however, the surfaee 
against which the droplets impinge is maintained at:a 
sufficiently high temperature, adhesion will not take 
place and the ash will pass away in a finely: divided, 
almost colloidal, form. Again, if there is any trace of 
dribbling at the injector, deposits will build up round 
the orifices, which must be kept fairly cool, and will 
very soon either choke the jets or at least deflect them 
and so destroy their carefully chosen pattern. From 
our experience it seems that the best remedy for this 
is to design the combustion chamber so that a single- 
orifice self-cleaning pintle-type injector canbe used ; 
and at the same time to maintain a very high rate 
of air flow past the nozzle of the injector and thus 
ensure that any build up of deposit will take place 
downstream from the injector, and therefore .out of 
harm’s way. 

Whether any part of the ash remains as a-deposit or 
not, its abrasive effect cannot be denied ;' here the best 
remedy appears to be the use of chromium plating of 
the liner bore. Some experiments which we carried 
out in conjunction with the Fuel Research Station, of 
feeding measured quantities of finely-divided ash: into 
the air intake of an engine, showed that, under these 
conditions, the rate of wear of a chromium-plated liner 
was only about one-tenth of that of an ordinary 
cast-iron liner. In this case, however, the ash used 
was obtained from coal, contained a large proportion 
of silica, and was probably far more abrasive~ than 
that from petroleum. Against this some more recent 
endurance tests on a small high-speed compressién 
swirl engine using a mixture of heavy distillates and 
residual oil containing 3 ‘per cent. of ash and with an 
otdinary cast-iron liner, showed a rate of wear only 
slightly greater than when running on a light distillate 
with only about one-tenth the ash content.’ Much 
depends, no doubt, upon the precise nature and ‘com- 
position of the ash, and this may vary widely. : 

The filtration of these heavy distillates and residu 
oils is clearly a formidable problem and one’ which is 





upon it some of the ash content, and this, combined 


receiving close study at the moment. From the engine 
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Taking everything into 
consideration, it would 
seem that a boost press- 
ure of between 0-6 and 
1-0 atmosphere is prob- 
ably the optimum ; below 
0-6 the added complication 
is not, I think, justified, 
and above about 1-0 at- 
mosphere the losses in the 
supercharger, which bear 
heavily at light loads, and 





the need for intercooling 
assume serious propor- 
tions. Our experience, 





designer’s standpoint all we can do is to avoid, as 
far as possible, the use of very small orifices which are 
liable to be choked by solid matter, and this considera- 
tion, as well as others, points to the use of the single- 
orifice pintle-type of injector as a desirable, if not an 
essential, condition for the use of heavy distillates, at 
all events in small fast-running engines. 

It would seem then that, for the efficient combustion 
of the heavier and less volatile fuels, we should aim to 
incorporate the following features: (1) a very intense 
air swirl; (2) a single-orifice self-cleaning injector of 
the pintle type; (3) a heat-insulated member, placed 
so that the fuel jet will either impinge upon it or will 
be in the path of the flame, while at the same time 
being out of the path of the entering air. 

As to combustion systems, the choice, in this country 
at least, now appears to have been whittled down to 
the swirl chamber with compression induced swirl 
versus the open chamber direct-injection t; with 
induction induced swirl, the latter being preferred for 
the heavier classes of transport vehicle, and the former 
for the lighter and faster vehicles and for other pur- 
poses, such as marine and stationary use. The Enal 
choice, no doubt, will depend largely upon which of the 
two systems can best digest the heavier fuels which 
will shortly be their portion. 

Although I have said that in this country the choice 
of combustion system appears to have been reduced 
to two, this does not mean that we are not actively 
engaged in exploring every promising-looking alter- 
native, more especially from the point of view of its 
being able to cope with the more difficult fuels. If 


we are to from the normal four-stroke engine, 
then the choice of yg engine will lie between the 
su) and fairly heavily supercharged, four- 


stroke and the two-stroke. Ww have, for long, been 
exploring both these alternatives and from the evidence 
we have and the experience we have gained, I am 
inclined to prefer the supercharged four-stroke for road 
transport. 

We have been supercharging Diesel engines of both 
the swirl chamber and open chamber types up to 
initial pressures of four atmospheres and over for 
special purposes, although I would not advocate the 
use of boost pressures of this order for road transport ; 
neither am Pin favour of a very light supercharge. 














more especially with the 
Comet Mk. IIT combust’on 
system, has shown us (a) 
that at boost pressures of the order of 0-7 atmosphere the 
delay period, even with a fuel of only 18 cetane number or 
of very low volatility, is reduced to very small propor- 
tions, with the me that the running is remarkably 
smooth and entirely free from Diesel knock at any speed 
orload. (6) That in the case of the swirl-chamber engine, 
but not in that of the open-chamber type, the optimum 
performance is obtained when the indicator diagram 
shows only a very slight rise of pressure of the order 
of 10 per cent. to 15 per cent. above the compression 
line, i.e., the engine performs best when operating on a 
nearly constant pressure cycle. Thus a large increase 
in power is obtained with little or no increase in maxi- 
mum cylinder pressure. Fig. 4, on page 597, shows a 
typical indicator diagram taken from a 5-in. by 54-in. 
single-cylinder engine of the compression swirl type 
running at 1,250 r.p.m. at a load of 206 lb. per square 
inch, and supercharge pressure of 0-66 atmosphere, 
gauge and supercharge air temperature of 30 deg. C. 
(c) That owing to reduced proportional heat loss the 
indicated thermal efficiency is substantially improved, 
while the higher mechanical efficiency provides a still 
greater gain in the brake performance, such ‘that the 
overall efficiency of the supercharged engine with a 
mechanically-driven supercharger is higher than that of 
the unsupercharged engine from about half load up- 
wards, though much, of course, depends upon the 
efficiency of the supercharger itself. (d) That, without 
intercooling, the indicated power increases in direct pro- 
portion to the boost pressure, for the loss due to pre- 
heating of the air is compensated for by the higher 
indicated thermal efficieney, but that with intercooling 
the I.M.E.P. increases at a considerably more rapid 
rate than the absolute boost pressure. (e) That under 
boosted conditions the swirl-chamber engine will digest 
heavy distillates, even with a large proportion of resi- 
duals added, with a dead clean exhaust at all 
and loads up to the maximum, although on the same 
fuel without boost it will not run satisfactorily at any 
speed or load, and not at all at very light loads. 
A very ens observation was that of the 
relative influence of pressure and temperature on 
combustion. In one experiment, a fuel with a cetane 
value of only 18 was used, which would normally, of 
course, be a very difficult and unsatisfactory fuel. On 


1000 1500 2500 
Speed...R.P.M. 
at a compression ratio of 16:1. Only with great 


difficulty could it be started at all, the running 
appallingly noisy and rough with clouds of blue-grey 
smoke, while any attempt to reduce the load resulted 
in misfiring. The air inlet temperature was then raised 
progressively from about 20 deg. C. to 90 deg. C. with 
very little change; the exhaust was slightly less 
smoky, the running slightly less noisy and the range of 
load on which it would run without misfiring was 
increased, but only slightly. A supercharge of 0-65 
atmosphere was then applied at an air temperature of 
90 deg. C. from a separately driven blower; imme- 
diately the engine ran perfectly smoothly and with a 
dead clean exhaust at all loads and speeds. The air- 
intake temperature was then reduced by intercooling 
down to 30 deg. C. with a corresponding increase in 
power, but the running remained equally smooth and 
the exhaust dead clean at all speeds and loads up to 
the smoke limit, which corresponded to an indicated 
mean pressure of 240 lb. per square inch. Lowering 
the boost pressure resulted in a progressive increase in 
roughness until at about 0-3 atmosphere the per- 
formance fell away rapidly, the exhaust became smoky 
and misfiring occurred at high speeds and light loads. 
From this and from many other tests of the same 
nature it would seem that, in the light of present 
knowledge, the supercharged four-cycle engine will be 
the most promising line of future development for 
road-vehicle work, but to cope with the heavier and 
more difficult fuels it must be supercharged at all times 
and under all conditions, even, and perhaps more 
especially, when idling; and it is to the most elegant 
manner of accomplishing this that our investigations 
are at present directed. 

The two-stroke cycle is certainly very attractive 
from many points of view, and some of its attractions 
may perhaps be summarised. (1) For the same turning 
moment, we can halve the number of fuel pumps and 
injectors, which in a small engine are very expensive 
items, and constitute an unduly high proportion of the 
total engine cost; (2) we can obtain a considerably 
greater output per litre of cylinder capacity from a 
two-cycle than from an unsuperc Loar-cyele 
engine; (3) owing to the absence of reversals in the 
loading on the ings, etc., the running is always 
smoother and quieter; (4) the torque characteristic 
is more suitable than that of the four-stroke for vehicle 
propulsion and the consumption at low engine 
is, or should be, lower than that of the four-cycle ; 
(5) by admitting the scavenge air through tangential 
inlet ports we can, as in the sleeve-valve four-stroke, 
obtain all the air swirl we need without resort to a 
separated combustion chamber, thus we can combine 
the virtues of both high air swirl with direct injection 
into an open chamber. 

These are all very weighty advantages, but the 
serious and fundamental objection to the two-cycle 
engine for road-vebicle work is its very heavy fuel 
consumption at high engine speeds and more especially 
at high speed and low torque, which is the normal 
operating condition of a vehicle engine. In the four- 
cycle engine the same piston performs alternately the 
function of emptying and filling the cylinder and of 





this the engine was run first with atmospheric induction 
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that if the pany is massive enough and sufficiently 
gas tight to fulfil the second function, it is unnecessarily 
heavy and unnecessarily well armed against leakage or 
heat flow, for the simple function of emptying and 


filling. In consequence, the loss by friction during the 
pumping strokes is out of all proportion to the work 
done. the two-cycle engine the two functions are 


separated mechani , the heavy parts being devoted 
solely to their heavy duty, while the light work of 
emptying and filling is accomplished, with much less 
friction lose, by lighter and more appropriate moving 


On the other side of the picture, some proportion 
of the expansion stroke and of the effective cylinder 
volume must be sacrificed to allow of emptying and 
filling, while nearly 50 per cent. more air must be 

into or through the cylinder, and that in a 
shorter time. At low engine speeds we can force 
through all the air we need at quite a low pressure 
and with quite a small sacrifice in the expansion 
stroke, but the pressure required increases as the 
square, and the power expended as the cube, of the 


Thus at low speeds the power required to charge the 
cylinder is less in a two-cycle than in a four-cycle 
engine, but since it increases as the cube of the speed 
the picture changes very rapidly and at high speeds it 
becomes altogether excessive. It is dangerous to 
generalise, but probably the power expended in pump- 
ing air is the same in the two-cycle and the four-cycle 
when the scavenge pressure in the former is about 
0-2 atmosphere; in the case of cylinders of the size 
we need for heavy road transport, this co! nds to 
an engine speed somewhere in the neighbourhood of 
1,000 r.p.m. Below this speed, the combined pumping 
and friction losses of the two-cycle are lower and the 
overall mechanical efficiency higher, than the four- 
cycle, but above it the overall mechanical efficiency of 
the two-cycle fa'ls away with catastrophic rapidity, 
so much so that while the full-load specific fuel con- 
sumption of the two engines is about the same at 
1,000 r.p.m., at 2,000 r.p.m., that of the two-stroke 
is at least 20 per cent. greater, and at low torque the 
comparison is still more unfavourable. This considera- 
tion alone would appear to rule it out of the picture 
as a vehicle engine in countries where fuel is scarce or 
heavily taxed. If the small two-cycle could use a 
heavier and cheaper fuel, this, no doubt, would go 
far to compensate, but, unfortunately, there is as yet 
no evidence to suggest that this is possible. We can 
supercharge the two-cycle only by throttling or early 
closing of the exhaust, but this involves a very great 
increase in the already heavy pumping losses and 
would be justified only if an exhaust turbine were 
used, @ complication which could hardly be tolerated 
in a vehicle power plant. Although as applied to a 
road vehicle the case for the two-cycle appears to be 
very weak, there are many other “pp ications for 
which it is admirably fitted, more especially for marine 
work where a comparatively low speed is customary 
or desirable, and where the engine is never called 
upon to run at high speed with a light load. On the 
whole, I am of the opinion that there is a great 
future for the small two-cycle Diesel engine in all 
applications where the speed is limited either by 
circumstance or convention, such as marine or sta- 
tionary, or possibly tractor driving, but that, of all 
services, the propulsion of road vehicles is the least 
suitable for it. 

We have at various times designed and built a con- 
siderable number of experimental two-cycle Diesels of 
various types and sizes and have tested many others. 
These include examples of loop scavenged, also end to 
end scavenged, with poppet exhaust valves, with 
sleeve valves and with opposed pistons. Of these the 
uniflow sleeve valve, with its very rt areas, 
gives by far the best power output, but for various 
reasons is unsuitable for vehicle use. While each type 
has, of course, its own peculiar advantages and dis- 
advantages, all share, in varying degree, the general 
characteristics I have referred to above. Fig. 3, on 
page 597, shows the cross-sectional arrangement of a 
two-cycle 3}-in. by 4§-in. engine utilising end-to-end 
scavenge with a poppet exhaust valve, This engine uses 
a displacer piston to perform the scavenge operations. 

There is still, no doubt, a wide scope for improvement 
in the simple four-stroke cycle engine; neither has 
the last word been said yet in regard to combustion. 
As I have said earlier, in this country the choice appears 
to have been narrowed down to two general types, the 
separated swirl chamber and the direct-injection type 
with the chamber in the piston, but neither of course is 
ideal. In order to ensure complete and smokeless 
combustion we need a high air swirl to scour away the 
burnt products and to bring fresh supplies of uncon- 
taminated air to the burning droplets but, unfor- 
tunately, a high air swirl entails high convection heat 
losses. With a high air swiri and a single hole or 
Pintle-type injector we can utilise a proportion 
of the air retained in the cylinder and so obtain a 


substantially higher power output within the clean 
exhaust limit, more especially at high speeds, but we 
are condemned by the increased heat losses to a some- 
what lower thermal efficiency than that of the direct- 
injection engine with its multi-hole injector and much 
lower rate of air swirl. 

In order to reduce as far as possible the convection 
heat losses we have been endeavouring to employ 
only a relatively small swirl chamber in which to initiate 
combustion while the rest of the air is retained in one 
or more cavities in the piston. Thus, only a part of 
the total combustion air is subjected to intense swirl. 
This has proved very successful up to a point, but as yet 
we have not been able to work satisfactorily with less 
than 50 per cent. of the air subjected to swirl. In the 
Comet Mk. III form of combustion chamber, half the 
total air enters the swirl chamber and half remains 
in the piston. It is thus a half-way house between the 
direct-injection and the pure swirl chamber and, as 
would be expected, gives a thermal efficiency just half 
way between the two, but its power output is better 
than either. Fig. 5, opposite, shows the cross-sectional 
arrangement of a 5-4 in. by 6 in. V-engine which has 
been produced as an 8- and a 12-cylinder engine, and 
Fig. 6 shows a set of performance curves for the 
8-cylinder engine. 

(To be continued.) 





THE BEHAVIOUR OF H.M. SHIPS 
DURING THE WAR.* 


By N. G. Hotz, C.B.E., R.C.N.C., and 
Caprain (E) F. E. Cremrrson, R.N. 
(Concluded from page 559.) 

ANOTHER weakness which action damage revealed 
was the failure of electric power—consequent on damage 
outside the compartments—in one or more main engine 
rooms. This led to stopping of the supply and exhaust 
ventilation fans, all of which were electrically driven 
at that time, with the result that the compartments 
became untenable, although the main machinery was 
undamaged. The answer was to fit at least one 
steam-driven exhaust fan in main engine rooms, and 
in important auxiliary machinery compartmentse— 
except those containing electric generators, where 
atrangements were made for the existing motor-driven 
ventilation fans to take a supply directly from the 
generators. Thus, provided steam is available to run 
the machinery (or, in dynamo rooms, the dynamo 
remains running) it is now possible to keep conditions 
in the compartments sufficiently good to enable the 
personnel to remain, and keep the machinery operating, 

at least at low power. 

One or two cases of torpedo damage in the vicinity 
of inboard propeller shafting resulted in addition to 
flooding, in some distortion of the shaft which, neverthe- 
less, kept turning. In so doing, it succeeded in tearing 
away adjacent watertight bulkhead glands from the 
bulkheads and thus considerably increased the area of 
flooding. To obviate this possibility designs of flexible 
bulkhead glands were evolved which allowed some 
distortion of this shaft or of the bulkhead without 
causing damage to the gland. These designs proved 
successful, and are now generally fitted in larger ships 
in positions where failure of the glands might cause the 
tisk of serious flooding. It was also considered that 
somewhat similar risk could result from the actual frac- 
ture of a propeller shaft inboard, in that the tendency 
would be for the broken outboard end to withdraw 
aft, and the shaft coupling flanges to rupture bulkheads 
in the way. It is believed this actually happened in 
one American cruiser. Consideration has been given, 
therefore, to the possibility of fitting trailing collars 
to the propeller shafts at the aftermost plummer bearing 
to prevent the shaft moving aft in the event of fracture. 

et another innovation which war conditions 
showed to be necessary was gear capable of locking a 
damaged shaft—which could not be trailed—at as high 
a ship speed as could be provided by the remaining 
shafts without undue vibration. The old type of 
shaft brake was incapable of holding the shaft at speeds 
of more than about 8 knots, and the new type of locking 
= have been fitted from the later stages of the war, 
t is still necessary, unfortunately, to slow the ship 
tight down before these locking gears can be engaged, 
and ~~ prec irement—but a difficult one to 
meet—is for a type of gear which can be engaged at an’ 
speed or, alternatively, for a disconnecting cnagiing 
which can be readily disengaged. 

This important question has been fully dealt with in 
@ paper recently read before this itution by 
Commander (E) A. D. Bonny, R.N.t. The effects of 


* Paper read at the Autumn Meetings of the Institu- 
tion of Naval Architects in London on September 23, 
1948. Abridged. 

t “ The Effect of Non-Contact Explosions on Warship 
Machinery Design,” Trans. I.N.A., 1948, page 229; also 








ENGINEERING, vol. 165, pages 477, 501, and 525, (1948). 


shock were so far-reaching, however, that some 
brief remarks on it will not be out of place. Late in 
1939, however, H.M.S. Belfast was damaged by a 
magnetic mine on the sea bed. Many more incidents 
of a similar nature followed, and the various of 
enemy non-contact mines, as well as the explosion 
under water of near-miss bombs, caused a considerable 
number of ships to be laid up for long periods. The 
greatest part of the damage to machinery equipment 
was caused by the fracture of iron castings, although 
considerable subsidiary damage and derangement 
resulted from the tripping of governors, defects in 
electrical gear, priming of boilers, throwing around of 
loosely secured gear, and so on. The obvious remedies 
were to re-design the machinery to withstand shocks 
and to replace cast iron by a more ductile material— 
cast or fabricated steel—but war-time production 
difficulties precluded such steps being fully implemented. 

The immediate steps were to modify the existing 
machinery in ships to minimise the risk of damage from 
shock. This was done in variousways, many of them 
of makeshift character—alteration of existing chocks 
and the addition of extra chocks, often of wood, under 
the main mass, additional supports for overhanging 
masses, provision of stretching hs on holding-down 
bolts, alterations to the retaining keeps of turbine feet 
to make them yield under the shock forces anticipated, 
etc. Where general design considerations make it 
impossible to make the machines in themselves fully 
shock-proof, resilient mountings were designed for 
fitting between machines and seatings. Non-contact 
explosions and near misses were found to cause @ 
tendency to trip the governors on turbo-driven 
auxiliaries, notably turbo-generators (Diesel generators 
were also affected), with the consequence of a total or 
partial loss of electric power and other services. As 
an immediate remedy, gags were fitted to the tri 
gear, and instructions issued that they were to be left 
in whenever ships were at sea. The possibility that, 
on a sudden emergency, the watchkeeper might be 
unable to operate the over-speed trip was accepted and, 
in fact, no instance of damage from this cause can be 

. Designs of trip gear with sufficient re-entrant 
angle to resist the degree of shock to be expected were 
also put in hand, and, towards the end of the war, 
fitting of these commenced. The advent of the war 
brought an almost immediate realisation of the inade- 
quacy of the equipment then borne in H.M. ships for 
coping with fire hazards. The first reactions were to 
increase fire-main pressures and the numbers of fire 
hydrants and isolating valves in fire mains, and to 
re-design branch pipes and nozzles to produce either a 
jet or a spray, to make them more suitable for both 
smoke driving and smothering. The numbers of port- 
able fire extinguishers of the chemical type carried were 
increased, and improved designs produced. Par- 
ticular attention was paid to the hangars and flight 
decks of aircraft carriers, to guard against the severe 
fire risk existing with aircraft and petrol supply 
systems. Although considerable use was made of 
chemical fire extinguishers for certain requirements, 
water in the form of a fine spray, or steam, proved the 
best means of extinguishing fires. The use of steam 
as a smothering agent had been applied to boiler-rooms 
before the war, in view of the possibility of oil-fuel 
fires. During the war, it was extended to main engine- 
rooms, and eventually to almost all machinery com- 
partments. 

A number of improvements were effected in the 
design of continuous foam generators. The knapsack 
foam outfit is of some interest. This consists of a 
foam compound tank suitable for carrying on the 
operator’s back, and a branch pipe and nozzle with a 
suction pick-up tube for insertion in the tank, and a 
water suction connection for coupling to any con- 
venient fire-main connection. Foam tubes were also 
fitted in boiler-rooms and certain other machinery 
spaces, in conjunction with foam generators outside 
the compartment, for dealing with liquid-fuel fires 
where foam might be a more suitable smothering agent 
than water or steam. 

Apart from increased fire-fighting appliances such as 
those mentioned, and also such gear as mobile CO, 
fire-extinguishing units for flight decks and rs, 
much attention was paid to the risk resulting from 
rupture of petrol tanks. Instructions were issued con- 
cerning the careful isolation of the affected parts, 
particularly the breaking of all electrical circuits, and 
air-driven portable pumps were supplied for dealing 
with floodwater, and air-driven rtable fans for 
clearing petrol vapour. Also, petrol-vapour detectors 
were developed for use under damage conditions and 
as a routine measure in aircraft hangars. Much atten- 
tion was paid to the general reduction of fire and 
smoke risks in ships by the removal of as much inflam- 
mable material and fittings as possible, fireproofing of 
wood, and such measures as the introduction of steel 

iture. 

Seven years of war brought about an increase in the 
number and capacity of fixed pumps, but on the whole 
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remained relatively unchanged, although the main 
line suction system fitted in cruisers and carriers was 
subjected to criticism from the fleet. Experience soon 
showed, however, the necessity for a truly portable 
pump of adequate capacity for dealing with flooding 
in places inaccessible to the main. suction line, or where 
the line itself was damaged or choked. Improved types 
of portable electric pumps were introduced to replace 
the old type of submersible pumps, and were supplied 
on a progressively increasing allowance basis. Emer- 
gency Diesel’ generators were fitted in ships which 
either had none orin which the existing Diesel generator 
capacity was too small. Later, as the essential elec- 
trical requirements were so many, Diesel-driven emer- 
gency pumps were introduced. Finally, fixed internal 
suction pipes were fitted for use with the portable 


pumps. . 

Mention has already been made of the measures 
introduced in aircraft carriers to deal with the risk of 
damage to bulk petrol stowage, and the spreading of 
quantities of petrol vapour about the ship. Apart from 
aircraft carriers and other ships operating aircraft, 
every effort was made to dispense with bulk petrol 
stowage, or to stow the petrol in readily jettisonable 
upper-deck tanks. In this endeavour, the introduction 
of Diesel-driven ships’ boats and emergency pumps 
helped considerably. The standard arrangement for 

ing aviation fuel or petrol in bulk was to stow it 
in separate cylindrical tanks, placed in compartments 
which were kept flooded with sea water. This method 
proved successful in avoiding major fires and explosions 
due to rupturing of the tanks as a result of damage in 
the vicinity, although, in the case of aircraft carriers, 
it had the disadvantage of restricting stowage capacity 
by comparison with the practice of stowing aviation fuel 
in double-bottom tanks. In fact, no case of a tank 
rupturing due to action damage occurred, and in only 
one case—H.M.S. Liverpool, 1940—did a serious fire or 
explosion result from damage to the distribution system. 
tion has been made of the troubles experienced 
with borided deposits in the gas passages of boilers, 
and with refractories, which have been put down to 
contamination of the oil fuel by salt water. Pre-war 
Admiralty fuel oil did not emulsify with water—this 
emulsification is the root cause of all the troubles—and 
adventitious water was readily eliminated by settling. 
The introduction of deep thermal and catalytic crack- 
ing processes, chiefly to attain the necessary large 
production of aviation fuel, led to the degradation of 
the residues used as a basis for the production of fuel 
oils, The problems of high viscosity, high specific 
gravity, emulsibility, and sludging, which are present 
when using boiler fuel oils containing residues which 
have been deeply cracked, have become of primary 
importance with the introduction of water ballasting 
and water displacement systems. War-time and post- 
war Admiralty fuel oil emulsifies with water readily 
up to theoretical water contents of 74 per cent. These 
emulsions are very stable, of high consistency, and are 
not broken by simple heat treatment. Very hard 
emulsions containing large quantities of water are of 
such high consistency that they cannot be pumped. 

War-time conditions made for increased liability of 
water contamination. Incomplete removal of the 
ballast water of tankers at loading points in the United 
States resulted in wet cargoes arriving in Great Britain. 
In cruisers and smaller ships, ballasting of oil tanks 
resulted in the contamination of the oil remaining in 
the tanks, and this was not removed by the pumps. 
In the modern battleships, water displacement of the 
oil had the sante effect, while leaks caused by enem 
action or bad weather were an additional factor in 
cases. The size of the problem can be realised when 
it was estimated that the intake of contaminated oil at 
Liverpool was of the order of 10,000 tons per annum. 
There was no ready means of recovering it, and a large 
proportion had to be taken out to sea and dumped. 
The increasing use of heavy cracking in refinery practice 
means that the problem will continue and, indeed, 
increase. A great deal of work is being carried out to 
find methods of dealing with it, and some promising 
fesults have been obtained. The crux of it is to keep 
the water out of the oil. 

A high proportion of the troubles experienced in 
habitability would have been found out, and probably 
largely rectified, had sufficient regular long and 
thoroughly realistic exercising been carried out in the 
20 years of peace between the two wars. A financial 

licy which provides for ships in commission, but not 

‘or the oil fuel to keep them at sea, makes a poor 
contribution to preparedness, so that, although the 
Director of Naval Construction and the Engineer-in- 
Chief made the utmost use of their opportunities, we 
did not get sea experience comparable to the varied 
conditions in which ships served in this war. Ventila- 
tion was always a very serious problem under war 
conditions. Ventilation trunking had been made’ very 
thin and, with mushroom tops in exposed positions 
on weather decks, was vulnerable to flooding and gun 
blast. Probably a retrograde step was taken when the 
old screw-down types of mushroom was discarded about 





30 years ago because of bent screw shafts and general 
lack of maintenance ; a better poli¢y would have lain 
in improving the desi; War conditions ruthlessly 
exposed the gross inefficiency of mushroom-top inlets 
fitted on the weather deck forward, and larger inlets or 
outlets located in higher and more sheltered positions 
to meet requirements for a group of compartments are 
now favoured. This, of course, leads to other difficulties 
in maintaining adequate headroom under large-sectioned 
ventilation trunks running fore and aft; it is also not 
ideal for isolation of ventilation ms in the event 
of action damage. Moreover, if much discomfort 
and loss of efficiency, particularly under tropical condi- 
tions, is to be avoided, it is most desirable that ventila- 
tion should be kept running in all practicable periods 
for compartments which are manned when the ship is 
closed or partly closed down for action continuously 
for some hours; the grouping of ventilation eee 
may lead to more centralised control of ventilation, 
perhaps by means of a number of master switches 
in damage control headquarters. Tropical conditions 
and atomic explosions are both arguments in favour 
of such control, even for compartments which are 
air-conditioned. 

The full implications of long periods of “ darken 
ship ” were not fully anticipated in peace, and ventilat- 
ing arrangements, particularly for certain compart- 
ments such as galleys, were quite inadequate. Realistic 
exercises in peace would have anticipated most of 
these particular troubles in war. e continuous 
running of steam machinery, particularly in the tropics, 
made conditions in machinery spaces particularly 
severe, and both temperature and humidity rose above 
acceptable limits. 

As the tempo of the Japanese war increased, it was 
realised that improvements in habitability conditious 
were essential. In 1944, a ‘‘ Habitability Mission ” 
made extensive on-the-spot investigations into the 
attendant problems in the East Indies Fleet, and to 
some extent in the British Pacific Fleet. The end of 
the war decreased urgency, but a valuable report was 
produced and, in conjunction with the investigations 
of the Royal Naval Personnel Research Committee, 
schemes for improvement in conditions were decided 
on and began to be put into effect. Work is still going 
on in this direction, and much remains to be done, 
as it is of the highest importance. 

For ships keeping at sea for long periods in the tropics, 
it is clearly necessary to have such ro age — 
refrigerated storage for fresh vegetables and it, 
ready-use storage in messes to keep such items as butter 
in good condition, and laundries provided with washing, 
drying, and ironing machines (not previously fitted in 
H.M. ships) for ensuring that personal oc iness, 
which is so essential in hot weather. It is also clear 
that adequate supplies of fresh water for washing 
and of cooled fresh water for drinking should be 
available. Before the war ended, a great deal had 
been accomplished in this direction and the work is 
still going on. 

So far as the provision of sufficient fresh water to 
meet the maximum tropical requirements of ships’ 
companies was concerned, it was found difficult to 
meet this in a considerable number of cases with the 
distilling capacity fitted, and the general lack of shore 
supplies of water. Efforts were directed mainly to 
improving the availability and efficiency of a 
plant -and facilitating maintenance by provision o 
additional spare gear. Most effort has been directed 
to methods of scale inhibition; some success was 
achieved with starch injection. In new construction, 
increased distilling capacity is being fitted. 

Operational activity in high latitudes brought 
problems, many of which had not been fully allowed for 
previously. Probably the most pressing concerned 
penser | below decks over long periods, and the 
operational efficiency of weather-deck personnel and 
weather-deck equipment. Problems of icing up o 
ropes, boats’ falls, deck machinery and weather decks, 
particularly flight decks of carriers, were many and 
serious, and considerable effort and research bs 
devoted to these questions. De-icing pastes certainly 
helped, but no really satisfactory solution for flight 
decks has yet been found, so far as is known. e 
problem which could be troublesome in the midst 
of operational activity was the frailty of destroyers’ 
forward shell plating against damage by ice. The 
danger to destroyers at war-time speeds in these 
waters was obvious, but hard to cure. One expedient 
extensively tried was wood sheathing fitted internally 
in. the region of the water-line, but this gave little 
protection to the plating and made temporary repair 
much more difficult. 

Icing up of exposed équipment or armament could, 
of course, be of vital consequence in. war operations. 
H.M.S. Jamaica, in action off the North Cape, damaged 
the muzzle ee of — of her si coast Gd tae tn 
through developing a slight internal coa‘ of ice in 
the short interval that the barrels were exposed before 
i The damage was sufficient to require renewal of 


the farvela, and cottesponding action had to be taken 
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in a destroyer. Mere accumulation of ice on decks, 
superstructure, rigging, etc., could be a serious incon- 
venience in all ships, but in small ships can be dangerous. 

The volume of maintenance was much increased 
by the great age of many ships. More lightly built 
than a mercantile vessel of corresponding size, many 
warships had to start out on a long and arduous war 
at an age when a shipbreaker’s yard would have been 
the most logical next port of call. H.M.S. Kent saw 
as much of the stormy Arctic seas as most ships and 
finished the war with some hundreds of bolts in place 
of rivets in the shell plating aft, all of which had to 
be fitted a | divers with the ship at operational notice. 
Perhaps all-welded hulls in future construction will 
suffer less from the weaknesses of old age than the 
riveted hulls of the past. 

Apart from the troubles due to age in older ships, 
the hasty finish of new construction gave a lot of 
trouble to fleet and base repair resources. Some of 
the new King George V class battleships had hot water 
systems which were a 50-50 mixture of copper and 
galvanised-steel piping due to a complete bottling up 
of the supply of copper at a stage when it was impossible 
to cause serious delay in completion by replacing by 
steel all the copper already fitted. Water services 
generally caused trouble due to corrosion of steel piping 
and impingement attack in the case of copper piping 
due to the proximity of gunmetal valves. iFe 
piping is now being tried for fire mains and pure copper 
piping for fresh-water services. This should reduce 
maintenance to a minimum and also, it is hoped, will 
tend to prevent internal fouling due to marine growths— 
a factor which, in some conditions, has a most serious 
effect on the efficiency of the fire main. 

Experience in the last war (and, even more, the prob- 
able conditions of any future war) make it imperative 
that hulls, machinery, and equipment must be designed 
with a view to the minimum need for and the maximum 
ease of maintenance, so that even the resources of any 
fleet train should be called upon as little as possible. 
Also, at the risk of some repetition, it is desired to 
emphasise once more that years of peace inevitably 
result in some growth of weaknesses and operational 
inefficiency ; this effect is accentuated by the overall 
need for national economy. Ruthless, thorough 
testing of ships at sea—or, at least, one ship of each 
new class—within all reasonable limits of seamanship, 
and unaffected by considerations of economy, is a real 
necessity in the preparation of the Navy for any 
future war. 





ANNUALS AND REFERENCE BOOKS. 


The Railway Handbook, 1948-9.—The new issue of 
this small but comprehensive reference book—the 
15th since its establishment in 1934—is the first to 
contain particulars of the British main-line railways 
in their nationalised organisation by Regions. Separ- 
ate sections are devoted to the six Regions and to the 
British Transport Commission, the Railway Executive 
and the London Transport Executive, though it has 
not been possible in every case to include the correspond- 
ing statistics of rolling stock, etc. The sections for 
the six Regions contain summaries of the historical 
development of the respective railway systems, and a 
list of all the railways taken over is given under the 
were g of “‘ Railway Executive.” For the rest, the 
usual features have been retained and brought up to 
date where necessary. The Handbook is published b 
the Railway Publishing Company, Limited, 33, Tothill. 
street, Westminster, 8.W.1, at the price of 5s. 

Guide to the Coalfields, 1948.—In various respects, 
this newcomer to the ranks of industrial reference 
books breaks new ground. Not only does it list, in 
their appropriate divisions of the nationalised British 
coal-mining industry, the principal officials of the 


f | National Coal Board, together with those of the Ministry 


of Fuel and Power and H.M. Ins: rs of Mines and 
Quarries, but it presents a complete list of the mines 
themselves and provides a series of maps, reproduced 
from the Ordnance Survey. For each mine, particulars 
are given of the type of mineral extracted, the names 
of the seams, the numbers of men employed above and 
below ground, and the names and quali —- of the 

nts, managers and under- Ts. e mine 
is’ electrified, this fact is also ind icated. Private 
licensed mines are separately listed, and their owners’ 
names indexed; and there are full indexes to the 
nationalised mines and to the names of persons. No 
mention appears to be made of opencast borg aa 
Excellent as the work is, it would be improved if a 
key map of the United Kingdom, showing the National 
Coal Board’s numerous Divisions, had been included, 
and if the 
marginal references to enable individual maps to be 
matched up with those of adjacent areas. The book is 
edited by Mr. R. H. Walkerdine, B.Sc., and Mr. C. 
Treharne Jones, B.Sc., and is published by the <7 
Guardian Company, Limited, 30 and 31, Furnival- 
street, Holborn, London, E.C.4, at the price of 15s. net. 


maps were provided with scales and with 
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PARTIAL-LOAD CHARAC- 
TERISTICS OF MARINE 
GAS-TURBINE CYCLES. 


By E. G. Srertanp, M.A., B.Sc. (Eng.), 
A.M.I.Mech.E. 


THE success of the gas turbine in jet-propelled 
military aircraft has stimulated interest in the 
application of this type of machine to other purposes. 
For land power generation and for traction pur- 
poses, it may be said to be emerging from the 
experimental stage, several plants having been built 
and, so far as is known, run satisfactorily. In the 
marine field, however, no ship has yet put to sea 
powered entirely by a gas turbine, although an 
experimental marine plant has been built and 
tested in the United States,* and a small British 
naval craft has been fitted with a gas turbine for 
full power only, reciprocating engines being used 
for cruising.t It is not the present intention to 
make out a case either for or against the gas turbine 
for marine propulsion, but to examine a few points 
of importance to which attention must be paid in 
designing such a plant. 

One of the major differences between marine 
gas-turbine plant and an aircraft jet-propulsion 
unit is that of useful life. The useful life of a military 
aircraft engine is of the order of 500 hours, whereas 
that of a marine engine for mercantile purposes 
must be at least ten years, before it is acceptable 
to the commercial shipping owner. For naval 
purposes, a somewhat shorter full-power life than 
this might be considered satisfactory, since naval 
vessels, in peace time at any rate, usually cruise 
at about half speed (one-eighth full power), full 
speed being required only occasionally. Even so, 
a full-power life of between 1,000 and 10,000 hours 
would undoubtedly be required, coupled with an 
overall useful life of the order of ten years. 

The longer life expected of a marine plant com- 
pared with an aircraft, unit must lead to a reduction 
in the maximum turbine-blade temperature, and a 
reduction in blade and disc stresses, in order that 
the permissible total creep extensions shall not be 
exceeded. The reduction in temperature causes 
an increase in the “ air-rate ” of the plant, that is, 
a greater quantity of air must be circulated to 
produce a given power output. The reduction in 
stresses means a reduction in peripheral speed and 
in revolutions per minute, and an increase in the 
number of stages employed in the turbine. Both 
these factors therefore cause an increase in the size 
of the plant, and, instead of the small single-stage 
high-speed turbine wheel of the aircraft turbine, a 
comparatively large multi-stage turbine would be 
required, running at a lower rate of revolution. 
It is a notable fact that one of the inherent advan- 
tages of the aircraft jet-propulsion gas turbine is 
that no steps are necessary to reduce the power loss 
due to kinetic energy in the turbine exhaust (or 
leaving loss) ; indeed, the whole object of the plant 
is to produce as much of this kinetic energy as 
possible, whereas, for marine propulsion, great care 
must be taken to keep this leaving loss as low as 
possible. This entails a large last-stage blade 
annulus. 

As regards the compressor, again it would not 
seem possible to follow most aircraft practice and 
to use a single-stage centrifugal impeller. The 
attainment of a pressure ratio of 4:1 in a single 
stage is made possible by the use of exceedingly 
high peripheral speeds, and a comparatively small 
size of impeller is obtained by the employment of 
high speeds of revolution, thus enabling a forging 
of special light-alloy material to be produced. 
With the lower speeds of revolution envisaged for 
marine use, the size of a single-stage impeller would 
be-so great that it would not be possible to produce 
a satisfactory light-alloy forging. 

The choice of compressor would appear, therefore, 
to lie between the multi-stage axial-flow type and 
the Lysholm constant-displacement type. The 
Lysholm compressor has a considerable advantage 
over the axial-flow type, since it has a much wider 
operating range and is not subject to the surging 





* Trans. Soc. N.A. and M.E., November, 1945. 
t ENGINEERING, vol. 164, page 271 (1947). 
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and choking limitations of the axial-flow type. 
This is an important consideration, as will be seen 
later. However, little information is available as 
yet on the design limitations of such compressors, 
so that it is difficult to assess the relative sizes and 
speeds of revolution of the Lysholm and the axial- 
flow types. In general, however, the throughput 
of an axial-flow machine is greater than that of any 
other type because it is possible to utilise a complete 
annulus for the flow, so that the Lysholm compressor 
might be expected to be bulkier and of lower speed 
than an axial-flow compressor for the same duty. 
The axial-flow compressor, on the other hand, 
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when driven directly, should match conveniently 
with an axial-flow turbine from the point of view 
of speed of revolution and size. This is important 
for the design of the turbine, since it is essential to 
achieve the highest possible revolutions consistent 
with stress limitations in order that the turbine 
rotor should be as small as possible, particularly 
where special heat-resisting materials are required ; 
large forgings of such materials are notoriously 
difficult to produce. Furthermore, considerable 
research has been carried out in this country on 
the axial-flow compressor, and several machines 
have been built and tested. The fact that design 
information is available must be a factor in favour 
of the selection of this type. 

Unfortunately, the axial-flow compressor has the 
inherent disadvantage of a narrow operating range, 





bounded on the one side by unstable operation due 


to surging and on the other by rapid falling off in 
efficiency due to choking. These difficulties do not 
arise in the case of a constant-speed machine, such 
as a land power-generating plant, since the variation 
in mass flow and pressure ratio from full load to no 
load is small. For marine use, however, wide 
variations in speed are required which give rise 
to wide variations in mass flow and pressure ratio, 
so that the plant must be designed to avoid surging 
or choking under all conditions of operation. 

In addition to the essential requirement of 
stability of operation over the full speed range, it 
is desirable, particularly for naval use, that good 
part-load efficiency should be attainable. Some of 
the simpler types of gas-turbine plant are con- 
sidered below from this point of view. 

In this article, four of the simplest types of plant 
are investigated, in all of which the compressor is of 
the axial-flow type; they are illustrated in Fig. 1. 
They are the simple gas turbine, Fig. 1 (1), con- 
sisting of one compressor and one turbine, mechanic- 
ally coupled and delivering useful power from 
the shaft; the “series flow” plant,.Fig. 1 (2), in 
which two turbines in series are used, the high- 
pressure turbine driving the compressor and deli- 
vering no useful power, and the low-pressure turbine 
delivering power from a separate shaft; a plant 
similar to the preceding type, Fig. 1 (3), except that 
the low-pressure turbine drives the compressor, the 
high-pressure turbine providing useful power ; and, 
finally, the “‘ parallel flow ” arrangement, Fig. 1 (4), 
in which the air delivered from the compressor 
passes through two separate combustion chambers 
to two separate turbines, one of which drives the 
compressor and the other produces useful power. 
For all the above plants, calculations are made 
with and without a heat exchanger of 50 per cent. 
thermal ratio. In the second and third types, an 
additional reheating combustion chamber may be 
used 


Attention has been confined to these simple 
types of plant because, in the author’s view, sim- 
plicity in the early seagoing gas turbine should be 
accorded paramount importance. Reliability is the 
overwhelming consideration in a marine power plant, 
and the most reliable plant will undoubtedly be 
that which has the least number of components to 
go wrong. Furthermore, it has been shown by 
calculation* that the efficiency of gas turbines can 
be improved by the addition of reheaters, inter- 
coolers and heat exchangers, and by the employ- 
ment of high turbine-inlet temperatures ; the need 
of the moment is not to prove this, but to solve the 
mechanical problems, as yet unknown, which will 
undoubtedly arise from the application of the gas 
turbine to ships. 

The following nomenclature will be used : 

W = Work output or input of turbine or com- 

pressor, in C.H.U. per second. 

Net power in simple cycle. 

Mass-flow, per cent. of design value. 

Pressure in Ib. per square inch. 

Temperature, deg. K. 

Pressure ratio. 

Specific heat at constant pressure, C.H.U. per 
deg. C. per pound. 

Ratio of specific heats. 

Polytropic efficiency. 

Overall thermal efficiency. 

R.p.m. 

Temperature rise or fall in compressor or 

turbine, deg. C. 


Of the suffixes, 

Refers to compressor intake conditions. 
,, turbine inlet conditions. 

», compressor discharge conditions. 
turbine exhaust conditions. 
compressor. 

turbine. 

design values. 

high-pressure turbine. 

.. low-pressure turbine. 

»» power turbine. 

>» compressor turbine. 


A relationship between inlet and exhaust tem- 
peratures and pressures and mass flow is required 
for the turbine. Stodolat mentions the “ellipse 
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* ENGINEERING, vol. 156, page 401 (1943) and vol. 157, 
page 181 (1944). 

+ Steam and Gas Turbines, 1927 edition. McGraw-Hill 
Book Company, New York. 
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and this is further elaborated by A. Egli,* who 
deduces analytically, for a multi-stage turbine 
having similar blading in each stage, that 


M = sra/2 {1 ~ 2) pgs 


where A is a constant. This expression is valid 
so long as the ratio of blade speed to gas speed, 


(5). for the turbine is not widely different from 
the design value. A simplification may be made 


by putting in reasonable values for y,, say, 0-88, 
and y, say, 1:35, in which case the index 


-1 
— ig Y 
The constant A may be evaluated by putting in 


the design values for M, P,, T, and r, in which case 
the expression becomes :— 








) is evaluated as very nearly 1-8. 
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The equation for turbine output in C.H.U. per 


second, neglecting mechanical losses, may be 
written as: 





(2) 


y-1\n e 
e 1\ CF)" 
(= Kp T, M41 —-(- oor 
The polytropic efficiency , is used here in pre- 
ference to the turbine adiabatic efficiency, since the 
former is more likely to remain constant over a 


range of pressure ratios, provided that the (=) 
0 


ratio does not vary excessively from the design 
value. 

Combining (2) and (3), three dimensionless quan- 
tities may be obtained, as follows : 
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These expressions are of great convenience in 
calculating part-load performances, and are evalu- 
ated for a range of values of r, the figures being 
plotted in Figs. 2,3 and 4. Allowance is made for 
variation of specific heat with temperature, in the 
case of X and yp, so that a separate curve is obtained 
for each inlet temperature considered. The effect 
of variation of specific heats is only of importance 
to the second bracket of equations (4) and (5); 
the effect on the first bracket is negligible, and the 
index 1-8 has been used throughout. Thus, in 
effect, only A and yp are affected by variations in 
specific heat, since the expression for ¢ in equation 
(6) only involves this first bracket. The value of 
Np used was 0-88. 

A generalised compressor characteristic is used. 
The precise form of the characteristic is not of 
great importance in these calculations, since a 
comparison between various type of plant is all 
that is being attempted. In the case of the com- 
pressor, the adiabatic efficiency is assumed to 
remain constant at 85 per cent. A. R. Howellt 
shows a compressor characteristic in which the 
adiabatic efficiency remains constant over a con- 
siderable part of the working range. 

Work done in compressor 
ant? 

Ne 


We ) = Ly C.H.U. per sec. 





* Trans.4.S.M.E., vol. 58, page 7 (1936). 
t Proc.I.Mech.E., vol. 153, page 442 (1945). 
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Taking a constant value of T, = 20 deg. C., 
K, = 0-24, y= 1-4, and yn, = 0-85, this reduces 
to 

We = 82-7M(r"6_-1), 2. (7) 

For convenience, the expression 82-7 (r°°*8*— 1) 
is evaluated and plotted in Fig. 5, and is designated 
as x. 

The expression used for efficiency is Reeaeee 
The heat supplied is calculated by taking a mean 
value of K, for air between the relevant tempera- 
tures. All losses in combustion chambers, ducting, 
ete., are neglected, and the increase in mass flow 
in the turbine due to the weight of fuel burned is 
also neglected. For comparative purposes, these 
assumptions are reasonable, and in an actual design, 
the method described could easily be modified to 
allow for losses and variation in machine efficiency. 
In all cases considered, the maximum turbine inlet 
temperature is 650 deg. C. (= 923 deg. K.), the 
ambient temperature 20 deg. C., and compressor 
pressure ratio 4:1, which is approximately the 
optimum value with these conditions and a 50 per 
cent. thermal ratio heat exchanger. 


(To be continued.) 








100-KW RapDIo TRANSMITTING STATION IN SWEDEN.— 
A 100-kW radio transmitting station, the equipment for 
which was manufactured by Standard Telephones and 
Cables, Limited, Connaught House, Aldwych, London, 
W.C.2, has recently been set to work at Hérby, Sweden. 
The station operates at 1,131 kilocycles per second and 
incorporates ‘“‘ inverted ” or “ grounded-grid ” amplifi- 
cation. This system has proved very valuable on 
ultra-short wave and short-wave amplifiers, but it is 
believed that this is the first time it has been employed 
on the medium wave band. It is claimed that ite use 
increases the efficiency of carrier generation to about 
80 per cent. and decreases the audio-frequency distortion 
products attributable to the radio-frequency amplifier. 
In combination with the use of a cathode follower driven 
modulator the result is that the distortion products do 
not exceed 1 per cent. up to.95 per cent. modulation over 
the full range of 50 to 10,000 cycles per second with an 








average mains efficiency of 38 per cent. 
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Introduction to Chemical Thermodynamics. By PROFESSOR 
LuKE E. STEINER. Second edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 6 dols.] ; and the McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 36s.] 

THE science of thermodynamics had its origin in 

the study of heat engines, and for long it was 

regarded as belonging essentially to the province 
of the engineer. In time, however, its principles 
were recognised as so fundamental to the whole 
of the physical sciences that to-day no chemist 
who would really understand the laws that govern 
the behaviour of matter in his test-tubes, furnaces 
or electrolytic cells can afford to ignore the guidance 
that it gives him. In so far as its mathematics 
are concerned, of course, thermodynamics remains 
the same to whatever branch of science it is applied ; 
but the interests of the chemical worker differ so 
greatly from those of the engineer that there is ample 
justification for such a treatise as this of Professor 
Steiner, which emphasises the aspects and formule 
of special significance in chemistry. Since its 
appearance, less than six years ago, new 
matter has been added, including a chapter on the 
calculation of thermodynamic functions by statis- 
tical methods, some of the sections have been 
rewritten, and the values of physical constants and 
conversion factors have been brought up to date. 
Those who do not know the book would be wrong 
in inferring from its title that it could be read with 
ease by anyone not already fairly conversant with 
the principles of thermodynamics, and possessing 
@ much more than an elementary knowledge of 
chemistry. The engineer, moreover, has to familia- 
rise himself with such ideas as “‘ fugacity,” which 
denotes an empirical function of the pressure of an 
actual gas, depending on the deviation of the 
behaviour of the latter from the laws of an ideally 
perfect gas; and there is the further notion of 

“ activity,” which depends on fugacity. He will 

also be made to realise the great importance 
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attached in chemical thermodynamics to the function 

H — T¢, or “free energy at constant pressure,” 

references to which take up two columns of the 

index. This quantity, under the name of Gibbs’s 

Function, is mainly of interest to engineers because 

it may be used to simplify very slightly the calcula- 

tion of the available heat of steam ; otherwise they 
are hardly concerned with it. 

In his treatment of thermodynamics, the author 
mainly follows the traditional lines which are inde- 
pendent of the atomic theory and the later statistical 
concepts. He does, nevertheless, put forward 
Boltzmann’s hypothesis of a connection between 
entropy and probability as leading to the equation 
¢ = klog, W, but without any demonstration that 
k denotes the gas constant per molecule, or any real 
justification for calling W a probability. The form 
of the equ tion is, of course, unimpeachable, but, 
according to both mathematics and common sense, 
probability can only be denoted by a fractional 
number, whereas, as the author makes clear later, 
W is a number so prodigiously great that it may be 
taken without sensible error as equal to the number 
of the possible configurations in phase-space of the 
assemblage of molecules concerned. The statistical 
point of view is again taken in the new chapter, 
which shows how various thermodynamic functions 
can be derived from statistical considerations. As 
with the rest of the book, a considerable amount of 
specialised knowledge is assumed to be 
by the reader ; much more, indeed, than the average 
engineer is likely to enjoy in the field covered. 
Such men, who find their needs in thermodynamics 
satisfied by the First and Second Laws and their 
derivatives, will take no more than an academic 
interest in the chapter devoted to the Third Law, 
which, to put it briefly, states that the entropy of a 
substance at the absolute zero of temperature may 
or may not be equal to zero. Such matters are, 
nevertheless, of considerable theoretical importance 
and rightly find a place in a work of this kind. 
The book is thoroughly well written, and forms an 
authoritative treatise for all who are interested in 
the application of thermodynamical reasoning to 
chemical processes. 

Electric Winders. .A Manual on the Design, Construction, 
Application, and Operation of Winding Engines and 
Mine Hoists. Second edition. By H. H. BRovGHTON, 
M.1I.Mech.E., M.I.E.E. E. and F. N. Spon, Limited, 
57, Haymarket, London, S.W.1. [Price 63s. net.] 

Tue first edition of this important book was 

published in 1928. Since that time much additional 

information on its subject has become available, and 
of this Mr. Broughton has taken full advantage. 

A number of the original blocks were lost in 1940 

and as a consequence many of the diagrams have 

had to be re-drawn for the new edition ; in addition 
to this, however, about 200 new diagrams and 
sketches have been added and all half-tone illus- 
trations discarded. Although the book covers the 
construction of electric winders as well as their 
design, application and operation, and various draw- 
ings of drums and other parts are reproduced, it is 
not a treatise on detail design and it is probable 
that the half-tone illustrations in the original edition 
added little to its value. In the course of the pre- 
paration of the book, Mr. Broughton analysed the 
design and performance of more than 2,000 winders 
and the results of this work are presented in 116 
valuable tables. The incorporation of such a large 
amount of new material has involved the almost 
complete re-writing of the book and it may be 
looked upon as a new work; seven additional 
chapters have been added. This is an appropriate 
point at which to say that it is written in the “ clear 
and concise English” which the Royal Society 

Information Conference recommended should be 

used and that the diagrams are reproduced with 

exceptional clarity. 

The basis of the design of an electric winder, or 
any winder, is the duty-cycle diagram which shows 
the relation between horse-power and time at every 
instant throughout the wind. This diagram for a 
winder equipped with a bi-cylindro-conical drum 
may appear rather complicated, but it is pointed 
out in an early chapter, entitled “‘ Mechanics of the 
Simple Mine Hoist,” that the dynamics of the 
winding engine ‘‘ can be mastered by anyone whose 


technical knowledge is limited to the elementary 


principles of mechanics.” From these simplified 
elementary considerations, the treatment of the 
complicated cases of practice is developed. The 
purpose of a winding engine is to lift the maximum 
amount of coal, or mineral, in minimum time at 
minimum cost. This simple statement would 
appear to call for high rope speeds but there are 
many controlling conditions to be taken into 
account. The loading and unloading arrangements 
clearly have great influence on total output, as have 
the rates of acceleration and retardation adopted, 
which will affect the form of the duty-cycle diagram. 
The effects of acceleration and retardation on out- 
put are much greater for shallow than for deep 
shafts, but the total effects of the various control- 
ling conditions is that, in practice, very wide varia- 
tions are found. Mr. Broughton gives a diagram 
showing the relation between shaft depth and 
maximum rope speed for a large number of existing 
installations, representing a selection from the 
2,000 examples analysed ; the points are scattered 
over the diagram like the stars on an astronomical 
map and it is impossible to trace any indication 
of uniformity of practice. The lesson to be drawn 
from the diagram is not that the determination of 
hoisting speed is such an open question that the 
matter may be settled almost arbitrarily, but that 
the conditions of practice vary so greatly that careful 
analysis of all the factors involved is necessary in 
every individual case. 

It is the purpose of this book to show how to 
carry Out that analysis. The cases of vertical shafts, 
inclined shafts and compound shafts are dealt with 
and the torque and other diagrams worked out for 
cylindrical, conical, cylindro-conical and bi-cylindro- 
conical drums. A new chapter in this edition deals 
with Koepe-pulley winders, in which a sheave takes 
the place of the drum. The system has been applied 
mainly in Germany and Holland. In addition to 
the exhaustive treatment of the mechanics of wind- 
ing, the book deals with the qualifications of the 
various types of electrical equipment and methods 
of control, Ward-Leonard, Rototrol and Metadyne 
systems being described. Separate chapters deal 
with winding ropes, couplings, clutches, gearing, 
brakes and other mechanical parts, and there is an 
interesting and informative discussion of the skip- 
winding of coal, which is used, or is to be used, at a 
number of mines in this country and on the Con- 
tinent. The book is a complete survey of its subject 
over the international field and takes its place as a 
standard work. 





The Shipwright’s Trade. By SIR WESTCOTT ABELL. 
Cambridge University Press, 200, Euston-road, Lon- 
don, N.W.1. [Price 21s. net.] 

ConsIDERING the antiquity of the shipwright’s art, 
there have been surprisingly few books dealing with 
its development as distinct from its current practice, 
and fewer still which were written by authors who 
were knowledgeable in the history, the craft and 
the associated science, and, at the same time, could 
bring to bear a first-hand familiarity with both the 
naval and the mercantile branches of the subject. 
It was a happy choice of the Cambridge University 
Press, therefore, to approach Sir Westcott Abell to 
undertake their projected book on the trade of the 
shipwright as exercised in the days of wood, iron 
and steel; for, throughout his tenure of two pro- 
fessional chairs in naval architecture and during the 
intervening 14 years, when he was Chief Ship 
Surveyor to Lloyd’s Register of Shipping, he has 
missed no opportunity to investigate the literature 
of the subject and the many lesser-known sources 
of technical information to which those positions 
afforded access. The result is a book which is com- 
prehensive enough for all ordinary needs, authorita- 
tive in its technical detail and yet not so loaded 
with minutiz# as to discourage others who may 
contemplate sectional monographs in the same 
field. 

The plan of the book is essentially chronological, 
but with a difference from most narratives of the 
kind in that the sections dealing with the develop- 
ment of shipbuilding practice are interspersed with 
others of a biographical nature, reviewing the work 
and influence of individual master shipwrights and 











Deane, and, in more recent times, I. K. Brunel and 
Scott Russell. The general arrangement is in three 
parts, the first dealing with ‘“‘ Early Days,” the 
second with “‘ The Growth of the Trade ” from 1485 
to 1837, and the third with ‘Iron, Steam and 
Steel” in the period from 1837 to the present day. 
The illustrations consist of 19 plates and rather more 
than 50 figures in the text, and are admirably 
selected to illustrate the craft of the shipwright as 
well as the evolution of the product. Part II, 
naturally, deals with matters which are much more 
fully documented than those in the previous sections 
and there is not the same necessity, therefore, to go 
into close detail; the general survey that is given, 
however, omits no point of importance and may be 
usefully read by students of naval architecture in 
conjunction with their ordinary text-books for the 
sake of its survey of trends in design and construc- 
tion, and the light that it throws on the waxing and 
waning of the so-called ‘‘ fashions * that mark the 
progress of shipbuilding. 

A study of the shipwrightry of many centuries 
that is compressed into a mere 200 pages or so of 
liberally-illustrated text cannot be exhaustive, nor 
is any such claim made by the author; and there 
are many places in which the reader’s interest is 
likely to be whetted to the point of desiring fuller 
information. The bibliography, though brief, covers 
the main English sources of reference ; but, although 
the book does not purport, in its direct relation to 
the shipwright’s trade, to cover the practice in 
other countries during the period for which written 
or printed sources are available, it might have been 
mentioned that there are various Continental works 
of the Seventeenth and Eighteenth Centuries, 
notably of French and Dutch origin, which are 
valuable in the study of shipbuilding practice, 
though they are comparatively rare and usually 
much too expensive for most private purses. There 
is a small error in the reference to The Mariner’s 
Mirror, the journal of the Society for Nautical 
Research, publication of which began in 1911; not 
1914, as stated. In passing, we may remark that 
Scott Russell’s monumental three volumes on The 
Modern System of Naval Architecture, to which Sir 
Westcott Abell refers more than once, was the first 
book to be reviewed in ENGINEERING, the review 
appearing in No. 1 of Vol. 1, dated January 5, 1866 ; 
and that the ironclad H.M.S. Bellerophon, of which 
he reproduces a perspective half midship-section 
on Plate [X, was the first ship to be illustrated in 
this journal, a number of her constructional details 
appearing in the same issue. 

If a second edition is called for, which is not 
unlikely, a fuller discussion of the technique of 
launching would probably be welcomed. There are 
several references to the subject, but the most 
extensive—an extract from William Sutherland’s 
Shipbuilders Assistant, of 1711—is interesting rather 
for its antiquity than for its fechnical detail ; 
several later writers are more informative in this 
respect, but none of them, so far as we recall, men- 
tions when, where or by whom the use of cambered 
groundways was introduced, or how the practice of 
bow-first launching (shown on Plate XIV, from an 
illustration of 1675) came to be generally superseded 
by the stern-first launching which is now almost 
universal. The subject of the hand tools used by 
shipwrights, too, though touched upon, might be 
more fully dealt with. These, however, are sugges- 
tions and not criticisms; whether or not they are 
adopted in a future edition, Sir Westcott’s book is 
to be strongly recommended to all who are interested 
in the development of shipbuilding as one that can 
be relied upon as a permanent source of reference. 





LLoyp’s REGISTER WRECK RETURNS.—Statistics just 
issued by Lloyd’s Register of Shipping indicate that 
52 ships, comprising 62,616 gross tons, were totally lost 
or condemned in consequence of casualty or stress of 
weather during the quarter ended March 31, 1948. 
Among them were nine steamers and motorships, 
making together 9,925 tons, which were British vessels, 
and 41 steamers and motorships, totalling 49,507 tons, 
and two sailing ships, aggregating 3,184 tons, belonging to 
other countries. Ships otherwise broken up or con- 
demned totalled 37, aggregating 157,445 tons, all being 
steamers and motorships. Twelve of these, making 





designers such as the Bakers, the Petts, Sir Anthony 





together 54,465 tons, flew the British flag. 
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FLOATING AND FOUNDA- 
TIONLESS BREAKWATERS. 


By R. R. MmNtKEIN. 
(Concluded from page 579.) 


Ir is not so many years ago that expert opinion, 
giving evidence to a Royal Commission on “ Har- 
bours and their Protection,” came to the almost 
unanimous conclusion that any mechanical scheme 
other than a solid wall would not prevent wave 
action ina harbour. Several forms of wave screens 
have been suggested by inventors from time to time. 
Most of them took the form of barriers of light steel 
or iron construction which only partly opposed the 
waves ; some were metal plates perforated by hori- 
zontal or vertical slits or louvres, others of spaced 
tubular sections. Some were tried out but none 
was successful. One form of floating breakwater 
was an extensive weighted blanket of material 
supported by buoys. All these efforts were very 
crude and showed a total lack of knowledge of wave 
action and dynamic power. 

This last war and its call for innovations gave an 
impetus to further expert research in a more pro- 
fitable direction. The ‘‘ Bombardon” floating 
breakwater* became a reality, in that full-scale con- 
struction was completed, and it was tested and used. 
This type of breakwater has several interesting 
features, not least of which is the erudite theory 
of the functional mechanism. The mathematical 
analysis presents many complexities. Before we 
enter on that, however, some other factors of 
wave action which have a bearing on the subject 
must be considered. 

Anyone who has been aboard a large vessel 
at sea which has halted either to set down passen- 
gérs or pilot, must have noticed that the cutter, 
launch, or tug, which comes alongside, does so on 
the lee side. It is also a matter of observation that 
the surface of the waves to the lee is smoother than 
those on the weather side ; but, this is important, 
they do not appear to have any lesser amplitude, 
in spite of the considerable draught of the vessel. 
There is yet another point to note: as the vessel 
rolls, its masts appear to be approximately perpen- 
dicular to the passing wave surface, though there 
is some slight lag. 

Now, if the vessel were replaced by some solid 
wall reaching to the sea bed, the conditions would be 
visibly changed on both the weather and lee quarters. 
The orbital motions of the wave particles impinging 
on the length of the weather side would be either 
destroyed or reflected, and not being able to pass to 
the lee side as they did under the ship’s hull, the 
wave form on the lee side would be considerably 
altered. Notwithstanding the obstruction, the 
water to the lee is not calm for there is diffraction 
of the waves passing the ends of the wall; in 
other words, there is an expansion of the ends of 
the waves at both extremities of the wall. This 
expansion in the immediate lee causes a local 
reduction of the height of the original wave, but 
as the train of waves progresses beyond, they 
build up again into the original and surrounding 
height. Where the enveloping reduced waves in 
the rear of the wall meet, there is usually troubled 
water. This is at the points where the opposing 
crests come into phase. The localised excess of 
energy causes them to project the water upwards. 

The area of the sea in the lee of the obstruction 
which is affected by this reduction of wave height 
is not great. From data and air photographs which 
the writer has examined there are good grounds for 

fixing a complete re-forming of original wave height 


between ; and | to the rear of the wall, depending 


upon the rate of change in the depth of the water. 

This area is almost parabolic and, within its 
confines and the lee edge of the wall, there is a 
gradual but not uniform reduction of wave height : 
nowhere is there still water. Where the wall has a 
length about the same as the wave length, the lee 
2rea, subject to a reduction of 50 per cent. and less 





* “The Bombardon Floating Breakwater,”’ by Robert 
Lochner, Dr. Oscar Faber and William Penney. Con- 
ference on War Time Engineering Problems, Institution 


of the wave height, is not more than > It should 


not be forgotten that there is a heaping up of the 
incoming, or oncoming, waters around the extremi- 
ties of any obstruction. 

Now if in place of a single obstruction there are 
two very long walls with a gap between them such 
as, say, a harbour entrance, then the incoming sea 
will cause ranging or ‘‘ jobble ’ in the harbour. This 
phenomenon was investigated by Stevenson and the 
following formula was given by him, based upon 
hundreds of observations. 


— {,/* - 002 7D (1 +5)}a (8) 
where 


h = wave height in sea, in feet. 

hy = reduced wave heitht in harbour, in feet. 

D = distance from entrance, in feet. 

B = width of harbour at distance D from entrance. 
In this connection, some years ago the author 
published a formula* for the same purpose, but to 
meet the more modern requirements for spending 
beaches and harbour shape. The formula is as 
follows : 


_Di\> 2 
m {(« =) * ed (« a) } sah 
where . 


¢, = constant for shape. which is 1-0 for medium 

diverzenc> of walls and 0-9 for curving arm 
diverging walls ; 

¢, = constant for spending beaches, which is 0-12 
where there are none and 0-1 for spending 
beaches 30 per cent. of the harbour perimeter, 
and 0-08 for 50 per cent.; and 

D, = distance from entrance in thousands of feet. 


Assume that a wall A, B, Fig. 5, has a gap 50 ft. 


have a larger natural period of oscillation than that 
of the longest wave to which it will be subjected. 
From the classical formula of hydrodynamics 


v= (2 + <x) tanh «h a simple approximate re- 


lation between the wave length and its period in 
deep water can be derived. The function tanh «h 
approaches unity in a depth of water exceeding half 
the wave length; then 


1 = 5:125 T? 


7% 
T= ——— seconds. 
5-125 


where / = wave length in feet, and T = period in 
seconds. To apply this rule to water varying in 
depth from one quarter to one half the wave length 
involves an error of about 5 per cent. 

In this floating system the elasticity is repre- 
sented by the variation of buoyancy during the 
oscillation. Thus, if, on any floating body, a force 
is applied to increase its immersion and then sud- 
denly released, the body will, under the buoyancy 
forces equal to the displacement of the increase of 
the immersed volume, raise its mass beyond the 
original water line until the excess of the weight over 
the displacement decelerates the miss. Then, as 
the long natural period required for the floating 
system means large mass and smill elasticity, this 
ean be achieved by a relatively heavy structure 
which, when immersed, has slight restoring force. 
This is most simply accomplished by a heavy vessel 
with slight freeboard volume and small water plane. 

To fulfil the conditions, the Bombardon float- 
ing units were built with a cross section in the form 


and 


(10) 





wide and that the waves, of height h, at the entrance, 
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enter and expand in semi-circular fronts, as do the 
ripples on a pond from a falling stone. Then the 
value of Bwillbe z D. Inserting numerical values in 
expression (8) we get, approximately, the reduced 
wave heights shown by the curve ac. If now we 
assume that the wall A B has gaps of 50 ft. at 250 ft. 
centres throughout the length, as in Fig. 6, then at 
all the gaps we shall have similar conditions to those 
occurring in Fig. 5. The combined effect of all 
these breaks in the wall will then give average 
reduced wave fronts of the heights indicated at the 
broken lines. Between the entrances where the 
waves come into phase, at the intersection of the 
circular crest line, there will be the most pronounced 
troubled water. 

These several factors all have a direct bearing 
upon the mechanics of floating breakwaters for 
harbour use. The basic principles upon which the 
Bombardon floating breakwater was designed are 
simply, and briefly, as follows. When an elastically 
connected and freely moving miss, forming, part of 
a mechanical system, is subjected to an external 
force and then left free, it will oscillate with a 
natural periodicity entirely dependent upon the 
characteristics of the system, and not upon that of 
the external force. However, if the applied force 
is of uniform periodicity, the period being greater 
than the natural period of the mechanical system, 
and it is impressed upon the system, then the masses 
will move with approximately the same amplitude 
and phase as the applied force. On the other hind, 
if the external force his a periodicity sm ler than 
the natural period of the system, then the msses 
will tend to remain stationary. Tbus, by adjust- 
ment of the physic3l factors, of mass, damping 
coefficient, and elasticity coefficient of a mecha tical 
system, it is possible to obt vin one that will remain 
stationary under a given periodicity of external 
force. This means that the mechical system will 





* R. R. Minikin, ‘‘ Harbours,” ENGINEERING, voi. 158, 
pages 161, 214 and 221 (1944). 
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of a Maltese cross. Though this solution, as we 
.g}, Average Wave 
2h Height 





Ay 5579" 200.0---> 
now see it, and know it to be a proved mechanism, 
appears of great simplicity and an almost obvious 
form to comply with the conditions, it was not so 
in 1943. The engineers concerned carried out many 
tests and evolved a formidable mathematical theory 
of wave-particle orbital motion and mechanical 
oscillations of bodies opposed to it. Eventually, 
after trying other types of structure, for the full- 
seale operation it was found that the cruciform shape 
of vessel, of limited length, was the most practicable 
for the purpose. The limited length was due 
entirely to structural, navigational and mooring 
requirements. Theoretically, an unbroken and 
extensive length enclosing the area to be protected 
would be the most satisfactory. Nevertheless, due 
to these limitations, the dimensions of the units 
were: beam at water line, 5 ft.; overall depth, 
25 ft. ; overall width of arms, 25 ft. ; draught, 19 ft. ; 
and length, 200 ft. The upper half of the vertical 
leg formed the watertight buoyancy compirtment, 
whereas the rest of the vessel was used for water 
ballast to give the required miss. The proportions 
of mass, buoyancy and moorings were all conditioned 
to a wave height and length of 10 ft. and 150 ft., 
respectively. 

The narrow beam at the water line provided only 
3 ewt. displacement variation per foot of draught 
per foot run, whereas the weight of the vessel, 
including water ballast, was 7} tons per foot run, 
which was 50 times the restoring force. 

If the Bombardon unit were held rigidly at the 
centre of oscillstion and all other factors of the 
system were proportioned to give 100 per cent. 
reflection of the incident wave, the water to the lee 
would be quite calm. As this ideal conditioning is 
impossible of attsinment, there will be on one side 
of the barrier, the incidant waves and the pirtly 
reflected waves. On the other side (the lee) there 
will be a transmitted wave of lesser amplitude 
thin the incident wave, generated by thit portion 
of the energy difference of the incident and reflected 
waves. When a series of these units was tried out 
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in the open sea they were placed in line ahead with 
gaps of 50 ft. between adjacent units. A lesser 
gap was impracticable, as the mooring buoys were 
disposed each to hold a pair of units. In this way, 
there was a continuity of connection throughout 
the wall. Unfortunately, these breaks in the wall 
front represented 20 per cent. of the total length, 
and virtually admitted more than 20 per cent. of 
the wave energy into the lee area, representing 
a wave height of not less than V(1 — 0-8) = 0-45 
of the incident wave. 

Now, unlike a solid fixed to earth wall which 
confines the entering orbital] motion of the wave 
particles to the gaps, as in Fig. 5, the Bombardon 
does not hinder the orbital motion of lesser ampli- 
tude in the water below the depth of the unit’s 
draught. These wave oscillitions p.ss under the 
keel of the floating unit and reinforce the energy 
of the waves p»ssing through the 50-ft. gaps. This 
phenomenon will be appreciated by anyone who h»s 
seen wave action piss into a basin ostensibly shut off 
from the harbour ranging by booms plced in 
grooves, at the ends, one above the other, but 
have not reached to the sill, as they should have 
done. 

Thus the vertical and longitudinal gaps in the 
Bombardon wall allowed the prssege of wave 
energy into the lee and resulted in the re-forming 
of waves of about half the incident height. This 
was a definite disedvantage, so that it was decided 
by the engineers of the Bomberdon to pl ‘ce a second 
wall, of simil r arrangement, 800 ft. to the rear and 
par. lel with the seaward wall. It was computed 
that this would reduce the wave height in the 
harbour to one-quarter of that in the open sea. 
Tests carried out on the English coa:t in moderite 
weather appeared to confirm this prediction. This 
trial was considered satisfectory and the units 
were therefore put into actusl employment on the 
Normandy full-scale harbours. There is a pxucity 
of technics] data regarding the behaviour of the 
units in position, but official records show that for a 
slight sea the wave reduction was 50 per cent. of 
the incident wave. Unfortunately, the storm of 
June 19, 1944, producing waves 12 ft. high and 300 ft. 
long, was more than the wall could withstand, and 
in under two days it was completely destroyed. 

The confidence of the engineers in the capwity 
of the Bombardon to function as a breakwater, 
however, was not impnired. It would appear that 
their optimism is founded more on their el borate 
theory than on the practical results attvined. 
Nevertheless, they have shown the possibility of 
using floating breakwaters to reduce wave height 
for temporary work, such as a screen for dredging 
or harbour works. It may be that this type of 
breakwater will yet prove effective on shallow 
coasts, and seasonal harbours, such as occur ir the 
Netherlands, New Zealand, and the Black Sea. 





HIGH-FREQUENCY ELECTRIC HEATING FOR SOLDERING 
OPERATIONS.—A 1-kW high-frequency generator has 
been made by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, for generating 
the heat necessary for automatically soldering capacitor 
cans. The cans, from 600 to 700 of which can be dealt 
with in an hour, are placed on an endless belt conveyor 
with the tops in position and a pre-formed rectangle of 
soldering wire. They are then passed through the heat- 
ing coil,so that the solder melts and flows into the joint 
by capillary action. Finally, they are automatically 
unloaded from the belt and slide down a ramp into a 
receptacle. 





THE LaTE Mr. H. J. GARNETT.—We note with regret 
the death of Mr. Henry Joseph Garnett, which occurred 
at a nursing bome at Sevenoaks, Kent, on December 3. 
Mc. Garnett, who was 76, was for many years manager 
of the Telegraph Construction and Maintenance Com- 
pany, Limited. Of Essex yeoman stock, he was born at 
Romford and educated at Dame Owen’s School, Islington. 
Subsequently he received his technical training under 
Silvanus Thompson and other teachers. He made a 
special study of metallurgy and chemical engineering 
and became a technical authority on the manufacture of 
submarine tel ication cables, developing special 
high-permeability and low-loss alloys for the purpose. 
He retired in 1937 but continued to act in an advisory and 
c Itative ity on a number of technical commit- 
tees. He was for many years a member of the Society 
of Chemical Industry, the Chemical Industry Club, and 
the Royal Institution. 








BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 
(Continued from page 581.) 

CONTINUING the general discussion on the papers 
submitted to the Conference on Brittle Fracture in 
Mild-Steel Plates, Dr. I. G. Slater said : Most of the 
illustrations we have had of brittle fa:lures have con- 
cerned ship plates. It may be of interest if I men- 
tion several failures which we have ercountered in 
structures other than ships’ hulls, and also in struc- 
tures where welding is not involved. Such failures 
have occurred in quite considerable numbers in boiler 
drums of water-tube boilers, in chain links, and also 
in a few relatively large forgings such as superheater 
headers. We have also come across a number in 
mild-steel shafts where the initiation of the fracture 
has been due to fatigue, but ultimately the remaining 
portion of the shaft has failed in a brittle manner. 
I will confine my remarks to the characteristics of 
failures as we saw them in boiler drums. The failures 
were all of a similar type, and the rupture occurred 
between tube holes in the A rows across the 
bottom centre of the steam drum. These boilers 
had seen consider .ble service, and they all fractured 
suddenly when empty and cold. The temperature 
was of the order of 49 deg. F., or less, and they all 
occurred when the boiler was being re-tubed. The 
actual fractures showed the characteristic markings 
which we have observed so frequently in the brittle 
failure of ship plate. 

The features which are of concern included, firstly, 
the presence of a stress raiser in the tube-hole wall. 
This is a feature which has been mentioned by 
previous speakers and, in these particular cases, the 
stress raiser comprised a stress corrosion pit. 
Combined with this stress raiser, a considerable 
amount of cold work associated with strain-age 
embrittlement was evident in the tube plate at areas 
immediately adjacent to the surface of the tube 
hole. This had evidently been caused by the 
repeated re-tubing of the drum, combined with initial 
rather brutal machining of the tube hole. All these 
failures occurred while the boiler drum was being 
re-tubed, and it is obvious that, in this particular 
case, an ‘‘ energiser’’ factor was present, due to the 
hammering at the time of the fracture. Although the 
energy of the blow initiating the fracture was 
obviously small, it might well be that particularly 
big stresses were built up by resonant effects in 
the hollow drum. Parallel effects might well occur 
in ships’ structures: though the total stress might 
be small, the stress at the area where rupture 
commences might be quite a large one. 

Our conclusions have been, from the examination 
of a considerable number of these failures, that there 
are three main factors involved. The first is the 
nature of the stress raiser. Obviously, the sharper 
this initia] crack, the more susceptible is the material 
to fracture. Secondly, there is the ‘ energiser,” 
the nature and magnitude of the applied stress 
which pertain when the fracture is initiated. In this 
connection, I should like to stress again the possi- 
bilities of local build-up of quite high dynamic 
stresses by resonant effects in the structure. The 
final factor is, of course, the relative susceptibility 
of the steel. From observations on these several 
failures, I think that, given the right conditions 
and environment, all mild steels are susceptible 
to cleavage fracture. It is not a phenomenon which 
is peculiar to any particular type of mild steel, but 
merely a matter of degree. Our immediate practical 
problem, therefore, is concerned with the factors 
which determine the relative susceptibility of any 
particular plate of mild steel. These include such 
matters as chemical composition, including oxygen 
content, deoxidation practice and inherent i 
size. With these we can associate structural features 
such as the heat treatment, the micro-structural 
features, non-metallic inclusions, their nature, size 
and distribution, surface condition, and, finally, 
cold work. 

In connection with cold work, I would mention 
one point which may be of some concern. In all 
steels where we have encountered these brittle 
fractures, we know that they have been susceptible 


* Part II appeared in the previous volume, and Part I 








in vol. 164 (1947). 


to strain-age embrittlement; they have all been 
of the inherent coarse-grain type ; and, in the cases 
which I have mentioned, we know that a consider- 
able amount of strain-age embrittlement had 
occurred, coincident with the crack at which the 
fracture was initiated. We feel it may well be 
that, even in welded ships, in addition to a stress 
raiser such as a crack or a defect in a weld, some 
degree of strain-age embrittlement has occurred 
at that area due to over-stressing, and has rendered 
the steel much more susceptible to the initiation. of 
the rupture once suitable stress conditions have 
been encountered. We are working on this problem 
at Portsmouth, and one feature which Dr. Allen 
mentioned that has attracted us very much is the 
suggestion that we should turn our attention 
particularly to a study of the various factors involved 
in a material of one particular structure. We have 
in mind the testing of ferrite crystals as such, rather 
than a heterogeneous mixture of ferrite and iron 
carbide. 

Dr. C. Sykes: The problems arising from the 
failure of ship plates which we are discussing are of 
general importance in connection with many 
metallurgical products. Dr. Orowan has pro- 
pounded the following formule: B < Y, (brittle) ; 
Y < B < 3 Y (ductile with notch brittleness); and 
B>3Y (ductile). These formule correlate a 
good deal of the phenomena associated with failure 
in metals. They cover the effect of stress eoncen- 
tration, the effect of size of test piece, and the effect 
of hardness. It seems to me that we have not paid 
sufficient attention in this discussion to certain 
experimental results which have been placed before 
us, namely, those in which different samples of a 
similar material, that is, mild steel, having roughly 
the same yield point, have behaved quite differently 
under identically similar test conditions. In one 
case, we have a brittle fracture and, in the other, the 
fracture has been quite ductile. This contrast is 
very similar to that in temper brittleness in alloy 
steels. Two pieces of steel, possibly from the same 
cast, having the same properties in the ordinary 
tensile test behave quite differently in the impact 
test; one is brittle and the other ductile. It is 
on this contrast in resistance to impact when the 
yield point and test.conditions are the same that 
I should like Dr. Orowan to elaborate. How is the 
yield point or flow stress defined in order to cover 
this behaviour? The ordinary yield stress is the 
same, whereas the particular Y or B inhis formule 
must be quite different. Such considerations bring 
us, I think, to the slip planes in the metal. Y is 
governed by the slip along the slip planes and it 
would appear that quite small changes in steel- 
making practice affect the slip planes, so that, in 
conditions where stress propagation is rapid, the 
planes behave quite differently. Apparently, the 
behaviour of slip planes in relation to resistance to 
impact shock is modified to a marked extent by 
minor precipitation effects. A number of speakers 
have mentioned the importance of strain ageing, 
nitrogen, etc. It seems to me that it is the effect 
of these factors on the slip planes that we need to 
investigate, and we must find some experimental 
technique which is adequate to the. purpose. 

Mr. W. E. Bardgett : Mr. Goodger referred to the 
special form of test which I made. This was a case 
where the material concerned failed in a bend at high 
temperatures undera constant load. We found that, 
with a normal tensile-test specimen under constant 
load at temperature, we got a single break across, 
which did not tell us very much ; so we decided to use 
@ test-piece conforming more or less to the service 

i ions and, under a constant load applied as 
shown in Fig. 15, page 606, at the service tempera- 
ture. We were able to produce a number of fine 
brittle cracks which reproduced very closely the type 
of fracture that occurred in service. That is an 
instance where a particular type of test gives 
irformatior additional to that obtainable on a 
normal tesc specimen. : 

ing on Dr. Reeve’s reference to the notch 
tensile tests : we did some work in collaboration with 
Dr. Reeve, who supplied test specimens from plates. 
We carried out duplicate tensile tests on specimens, 
having a notch 3 mm. deep through the thickness on 





both sides, at room temperature, which was 
19 deg. C. . In one specimen, we got a fully-fibrous 
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- fracture and in the other the fracture was. 30 per 
At 0 deg. C., both 
On a second steel, 


fibrous at 18 deg. C., fibrous in one specimen and 
partly crystalline in the other at 0 deg. and also at 
15 deg. C. I mention this to point out the fact that 
the test is.difficylt to reproduce and is extremely 
sensitive. to possible variations in certain factors. 
It is interesting to note that, in these tests, the steel 
with the lowest oxygen content. gave the most 
brittle fracture. Another feature of these tests 
was that we varied the rate of straining from } in. 
to 3 in. per minute, but did not find that this had 
any definite effect on the type of fracture. On the 
same series of steels, we carried out strain-ageing 
tests, and there is, I think, one point revealed of 
considerable importance in connection with these 
ship fractures ; that is, that one of the steels—which, 
incidentally, was a higher oxygen steel—showed no 
strain-age embrittlement up to 2 per cent. strain. 
One of the other steels, with the lower oxygen 
content, showed quite marked—about 51 per cent.— 
loss of impact value on straining 2 per cent. and 
ageing. This does show that it is possible to reduce 
quite appreciably the impact properties by even as 
low as 2 per cent. straining. 

Mr. Barr’s paper is an excellent -piece of work, 
and if the manganese content proves to be as 
important. as indicated, such information will be 
very valuable; but, with manganese contents of 
0-56 per cent., 0-57 per cent. and 0-59 per cent., 
we find percentage decreases in impact values of 
32, 26 and 23 per cent., respectively, and with 0-62 
per cent. manganese, a decrease of 24 percent. The 
decrease due to annealing compared with normalising 
seems to follow the change in manganese content 
very well, but the range of manganese content is 
extremely small, and if these results are reproducible 
in other plates with a similar range of manganese 
content it will show that manganese is a most 
important factor. I think this calls for a good deal 
of additional work along the same lines, to examine 
more fully the question of the influence of manganese, 

AutHors’ REPLIES. 

Professor Baker: I shall confine my remarks 
mainly to what was said by Dr. Reeve and Dr. Main 
on the engineering aspect of this matter. Of course, 
design and welding do influence the problem. 
Welding I have always found attractive for the 
reason that, quite apart from being the rational way 
of joining steel, it throws us back on to fundamentals. 
We always face new problems when we start to use 
welding, and so the engineer is forced to review his 
assumptions. Dr. Main probably read my paper 
correctly, but he does not know my interests. One 
is the production of refined design methods ; but it 
is necessary to remember the practical aspect of the 
matter. Whatever we do in refining design, we 
shall never be happy when building steel structures 
if we cannot depend on the ductility of the material. 
Few realise how approximate are the structural 
engineer’s design methods ; I am not referring now 
particularly to ships, but to all structures. The 
structural engineer to-day is trading, and will for a 
long time to come, on the good nature of the steel. 
If we were able to substitute for steel in our existing 
structures a material of the same tensile strength 
but of a more brittle quality, there is little doubt 
that a large proportion of the structures would 
collapse in service. This question of brittle fracture 
or brittle tendency in mild steel, therefore, is of 
extreme practical importance, and we cannot avoid 
it by paying more attention to design. Apart from 
that, I believe that, where you have a structure 
such as a ship, which is subjected to impact effects 
and must be capable of absorbing energy, then you 
will never be able to produce an economical struc- 
ture if you have not a reserve of ductility in your 
material. I hope that, arising from this Conference, 
there will be more research of a fundamental nature 
by pure scientists. Dr. Orowan’s equations do not 
bring us to the end of the problem. We want to 
know what is the brittle strength and how it is 
affected by the constituents of the steel, and then, 
and then only, shall we be able to produce a specifica- 
tion which will satisfy the designer. 

Dr. Tipper: The whole problem was summed up 
in two sentences by Sir Lawrence Bragg. He asked 


firstly : ‘‘ What kinds of steels have low transition | 
temperatures, and why?” That.is what we wish 
te find out. In order todo so, we first have to choose 
@ suitable form of test-piece ; the tensile test-piece, 
as it stands, does not help us. The Izod test is quite 

i and can be used; on the other hand, 
it is not particularly suitable for testing material for 
structures like ships, because one cannot imagine 
conditions normally arising in ships such as you get 
in impact testing. All that we tried to do was to 
find the temperature at which our steels changed 
their type of fracture and to see whether we could 
relate it to method of manufacture or composition. 
We tried to compare every variable, but, to do that 
properly and systematically, it is necessary to start 
with pure iron and to make additions one at a time, 
as Dr. Allen and Dr. Slater have said. I entirely 
agree, but, had I suggested using pure iron in the 
first. place, I should have been teld that the ship- 
builders wanted ship plates, not pure iron. The one 
significant fact that has come out of this discussion is 
that. nobody has told us why some steels have a 
higher brittle range than others. 

With regard to the fact that, in some tests carried 
out by Dr. Reeve, the fractures were sometimes | 
fibrous and sometimes brittle, it is obvious that they | 
might be just in the transition temperature range, | 
which varies in extent so very much in different | 


Fig. 15.| 
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then starts is still a matter for further investigation. 

In a written reply, Dr. E. Orowan said: several 
speakers have asked what I meant by “ brittle 
strength”; others seem to have received the im- 
pression that this is an abstract theoretical concep- 
tion rather than a quantity that can be obtained by 
direct measurement. By brittle strength I mean the 
ordinary “‘ true ’’ tensile strength in all cases where 


‘the fracture is of the brittle (crystalline, cleavage) 


type. This cannot be measured at present with 
those metals which never show crystalline fracture ; 
such metals, however, are not notch-brittle, and co 
the practical need of ascertaining their brittle 
strength does not arise. Notch-brittle metals, on 
the other hand, can be made to fracture in a brittle 
manner, and therefore their brittle strength can be 
measured (for instance, by tensile tests at various 
low temperatures and extrapolation of the strength 
to the desired temperature). 

Dr. Sykes has asked what I meant by “yield 
stress.” Yield stress is the resistance to plastic 
deformation, that is, the stress that must be applied 
to produce plastic deformation. It depends, of 
course, on the amount of the preceding plastic 
deformation ; this dependence is given by the 
ordinary “stress-strain curve,” which represents the 
yield stress plotted as a function of the plastic 
(or total) strain. The yield stress is often called 
“flow stress”; this expression, however, is not 
correct, because “ flow”’ means a special type of 
plastic deformation which progresses at a constant 
stress—it is asynonym for “ rapid creep.” Tradition- 


jally, the word “yield ” is used to denote the sharp 


| yield phenomenon of annealed mild steels ; however, 
|the word is too convenient to be wasted on such a 
special subject when there is no suitable term to 
denote the resistance of materials to plastic deforma- 
tion in the general case. 

Dr. Hankins has asked why it should not be 
possible to produce experimentally an almost equi- 
axial state of tension. The stress distribution in a 
round bar with an ideally deep and sharp circum- 
ferential notch which is deformed plastically by 
axial tension, can be derived easily from a result 
obtained by Hencky in 1923 (Zeits. f. ang. Math. 
Mech. 3). It is found that the highest tensile stress 
is only 3-3 times the yield stress of the material 
(which is assumed to be ideally plastic) in uniaxial 
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steels. We may have had no transition range ; on | 
the other hand, we now have a plate where the range | 


is of the order of 40 deg.C. One thing that I have a | 
right to ask is that, if people bring me tests like this | 


give me the temperature at which they did the test. 
It is not enough to say “at normal temperature.” 
Was it a hot day or a cold day? For an ordinary 
routine test you cannot take temperatures, but it 
must be done in comparing tests carried out in the 
laboratory. Iam not suggesting that the test which 
I have used here should be adopted as an acceptance 
test, but this form of test-piece provides a quick and 
easy way of determining the brittle ranges of steels. 

The other question Sir Lawrence Bragg asked was, 
what is brittle strength ? The slope of both curves 
of fracture strength and yield strength plotted 
against testing temperature, alters with the tem- 
perature of testing, as in Fig. 16. At some tempera- 
tures they intersect and the slope, over the range 
which concerns us, is slight. The relative slopes may 
determine the extent of the transition range. If the 
curves are close together you may get either fracture, 
a slight difference in stress distribution in the test- 
piece being quite sufficient to push it from one to the 
other. But we do not know what britile strength is, 
and nobody has succeeded in measuring it, except 
Joffé, in the case of rock salt. It is easy to say that 
it is a. question of brittle strength, but one must 
produce evidence to show that there is such a thing 
as brittle strength and that brittle strength does not 
vary with temperature in the same way as yield 
strength. Another point has been raised several 
times. Do we know what initiates these cracks and 
cleavage fractures? I can say from my own ex- 
perience that they always start from regions of 
plastic deformation at the bottom of the notches, 
and I have every reason to think that the stress at 
the bottom of the notch reaches theultimate break- 





and want them compared with mine, they shall | factor of 3-3 ( that is, 


tension. It is plausible to assume that no other type 
of notch, however sharp and deep, can lead to a 
higher value of the tension ; if this is so, no notch or 


jcrack can produce a triaxiality of tension greater 


than that corresponding to a stress multiplication 
transversal tension 2-3 


~ 33 

With strain hardening (not ideally plastic) materials 
the factor will be different, but it cannot be of a 
different order of magnitude. It follows, then, that 
a close approach to hydrostatic tension cannot be 
produced by the notched-bar technique. This 
limitation does not apply to the sandwich bar 
method described in my contribution; here, 
however, the problem is to find, for every metal 
investigated, another which is much harder and 
gives a sufficiently strong soldered or welded bond. 

(To be continued.) 





SKILLED CRAFTSMEN IN THE BUILDING TRADE.—At the 
Annual Luncheon of the Federation of Associations of 
Specialists and Sub-Contractocs, held at the Dorchester 
Hotel, Park-lane, London, W.1, on Thursday, Decem- 
ber 2, Mr. W. R. Cowen, M.R.San.I., M.I.H.V.E., the 
chairman of the council, stressed the need in each 
annual building programme for a small amount of 
those types of work which required special skill; only 
in that way would it be possible to preserve a balanced 
force of craftsmen, pending the time when building would 
not beso restricted as at present. The Rt. Hon. Charles 
W. Key, M.P., Minister of Works, was the principal guest. 





EXHIBITION OF HOUSEHOLD ELECTRICAL APPLIANCES. 
—tThe Electrical Development Association, 2, Savoy- 
hill, London, W.C.2, have opened at the Building Centre, 
9, Conduit-street, London, W.1, an electrical section 
which displays various household electrical appliances, 
including lighting, heating, refrigerating, and wiring 
equipment, together with cut-away models showing 
methods of construction and operation. The display 
will form a permanent feature of the Building Centre, 
though individual exhibits will be changed periodically ; 
the Centre is open between 10 a.m. to 5 p.m. on Mondays 





ing stress of the material. Why a cleavage fracture 


to Fridays, and between 10 a.m. to 1 p.m. on Saturdays. 
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THE DESIGN OF RADIO EQUIPMENT 
FOR THE SERVICES. 


A piscussion on “ Design Considerations of Services 
Radio Equipment” took place at a meeting of the 
Radio Section of the Institution of Electrical Engineers 
on Tuesday, October 19. Dealing with this question 
from the point of view of the user, Commander (L) 
G. C. F. Whitaker, R.N., said that with the increasing 
tendency for radio, radar and electronic equipment to 
be associated with all forms of offensive armament, the 
problem of maintaining a high order of availability in 
the apparatus fitted in H.M. ships was of first im 
ance. In a modern destroyer the equipment fitted 
included 13 types of communications receiver, eight 
types of communications transmitter, six types o 
radar, and three types of hyperbolic navigational aids. 
This equipment, which was very different in detail 
and technique, was serviced by two highly skilled, one 
semi-skilled, and three junior ratings. It had been 
shown conclusively that while courses could teach 
circuit techniques relatively easily to qualified electrical- 
pr. sar officers gehen age ratings, six “amy of 
close association with the gear was necessary before 
sufficient knowledge could be wer pt to permit rapid 
fault diagnosis and the degree of competency required 
at sea. With the wide extension of electronic tech- 
niques, new problems arose. For instance, the 
“* Auto-follow ” equipment employed in some of the 
radar sets was complex and contained 135 valves, 
while a project now in an advanced state of develop- 
ment embodied 1,250 valves of 25 different types. 

The second problem was more fundamental. Where 
systems involved long chains of electronic devices 
connected in cascade, the failure of a single conrponent 
might cause a large quantity of succeeding equipment 
to be put out of action. Three solutions seemed 
possible : to improve the reliability of the components ; 
to duplicate all the vital equipment, and to monitor 
the system, so that the defective unit was rapidly 
isolated; and to arrange valve replacements and 
possibly running hours with some regard to valve life. 
The soundness of the last procedure was open to 
discussion, and a suggested palliative was to avoid 
switching on and off as far as possible and to leave the 
valve heaters permanently in circuit. There, were, 
however, objections to this being done in the ‘Navy 
Most of the equipment was at present operated on 
high frequency (400 to 500 cycles per second) supplies, 
so that continuous running of the conversion equip- 
ment would be necessary. Moreover, with the existing 
gear it would not be possible to operate the heaters 
without a high-voltage supply. 

Little overall improvement in component reliability 
seemed likely. Long-life valves had been considered, 
but on the whole it was felt that the types used in 
the quantities required for the services were essentially 
mass-produced articles and thus liable to have unpre- 
dictable faults. The need for preventive maintenance 
by daily or weekly inspections and quarterly overhauls 
had been stressed. While these were useful in ensuring 
that any periodical adjustments were regularly re- 
peated, the majority of serious faults were due to 
component failure. A reduction in the number of 
valve types, if effected over a wide range of equipment, 
could bring marked benefits. At present there were 
at least nine standard valve bases in use in this country, 
of which eight appeared to be regularly employed. 
For small valves, this was about six too many, and the 
international octal base for the larger valves and the 
new American naval nine-pin miniature base for small 
valves would meet all requirements. More attention 
should also be given to maintenance when designing. 





THE BRITISH ENGINEERS’ ASSOCIATION.—At_ the 
annual general meeting of the British Engineers’ Asso- 
ciation, 32, Victoria-street, London, S.W.1, held on 
December 9, under the chairmanship of Mr. C. K. F. 
Hague, President of the Association, 12 vacancies on the 
Council were filled by the election of Messrs. A. I. Baker, 
C.B.E., E. Bruce Ball, R. T. Cooke, G. F. Davies, C. 
Norman Fletcher, R. B. Lister, C. D. H. Macartney- 
Filgate. R. Miles, J. F. R. Mitchell, J. M. Storey and 
F. Wakeham, and Lieut.-Col. K. Reavell. 





ELECTRICITY CHARGES IN SCOTLAND.—In the House 
of Commons on Tuesday, December 14, Mr. J. MacLeod 
asked whether, once sufficient profit had been made by 
selling electricity to the British Electricity Authority to 
offset losses incurred by the Hydro-Electric Board for 
uneconomic distribution to rural aceas, power would 
be available at cost for the major industries set up 
in the Highlands. In a written answer, the Secretary 
of State for Scotland (the Rt. Hon. A. Woodburn) said 
that the regulations provided that the prices to large 
power users as a whole should be sufficient to meet the 
cost of generating and transmitting the electricity supplied 
to them. Subject to these regulations, the fixing of 
the actual charges was a matter for the Board. 





TWIN-SCREW DIESEL-ELECTRIC 
GRAB DREDGER. 


Tue trials of the Mersey No. 26, the first of two 
Diesel-electric twin-screw grab-t dredgers, were 
completed recently on the Firth. of Clyde. The 
Mersey No. 26, a pho ph of which is reproduced on 
page 608, has been built by Messrs. Fe: m Brothers 
(Port Glasgow), Limited, Port Glasgow, for the Mersey 
Docks and Harbour Board, and will be employed on 
dredging the lock entrances and basins of the Liverpool 
docks. The vessel is of unusual interest in that the 
electrical machinery operates on the controlled constant- 
current system which has been developed by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 


f | Trafford Park, Manchester, 17, and is a modification of 


the Austin constant-current system. This system was 
used in conjunction with the auxiliary machinery of 
the Viceroy of India, a description of which was given 
in EnGIngerina, vol. 127, page 813 (1929). 

As will be seen from the illustration, Fig. 1, the vessel 
has a modern and not unpleasing appearance and but 
for the grabs, it would be difficult to distinguish her from 
a modern tanker. The hull has a rounded-plate stem 
and a cruiser stern, the length ovérall being 237 ft. 
and the moulded breadth 40 ft. 6 in. The hopper is 
disposed centrally and has a capacity of 1,350 tons, 
the draught of the vessel when loaded being 14 ft. 3 in. 
The bridge is situated forward and is higher than usual 
so as to provide a clear view for navigating and con- 
trolling the dredging and unloading operations. The 
accommodation, both for officers and crew, is provided 
in a two-deck deck house situated above the engine 
room, the central portion of the deck house, of course, 
being used to accommodate the engine-room ventilating 
fans, the skylight and the engine-exhaust trunks. 
The hopper is spanned in the fore and aft direction by 
a girder which, in addition to supporting the hopper- 
door opening mechanism, carries a low and a high 
gangway, the former giving access to the forepeak 
Shilo the latter leads to the bridge. 

The dredgings are retained in the hopper by eight 
steel doors provided with heavy hinges, the doors 
closing on rubber inserts. The door opening and closing 
mechanism, which is of Messrs. Ferguson Brothers’ own 
design, is exceptionally smooth in action. The doors 


.| are actuated by a hydraulic ram located horizon- 


tally at the forward end of the hopper girder with the 
ram pointing forward. The ram crosshead is fitted 
with a heavy-section double drawbar which extends 
aft the full length of the oe and rests on rollers 
fitted to the main girder. The drawbar is fitted with 
four chains, each of which runs aft. in the horizontal 
plane for a short distance before ing round one 
of the guide rollers and then vertically downwards to a 
balance beam, the ends of which are connected by 
further chains to an opposed pair of hopper doors. 
To close the doors, the ram moves forward, taking 
with it the drawbar and chains, and the doors are 
driven hard home by cotter pins which pass through 
slots formed in a solid link in in each ‘main 
chain, the cotters ing against- plates fitted to 
the main girder. Hydraulic power for the ram is 
provided by a three-throw pump situated at the base of 
a hold under the forward dredging crane. The pump 
is controlled by- a push-button switch situated beside 
the ram, and the ram is designed so that: it can spstain 
the load in the hopper when the cotter pins are with- 
drawn. 

The dredging equipment comprises three grab cranes 
supplied by Messrs. Priestman Brothers, Limited, 
Holderness Foundry, Hull. One crane is located at 
the bow, its operating arc extending from one side 
of the vessel to the other ; the other cranes are placed 
one at each side of the vessel abaft the bridge. The 
two latter cranes, however, are not placed on a common 
athwartship line but are staggered, in order to secure 
better distribution of the dredgings in the hopper. 
Each of the two after cranes can discharge forward or 
aft of its own centre line, and the discharge is directed 
through a grid placed over the ex which traps 
heavy stones and other dock garbage liable to damage 
the hopper doors. 

Each crane has a capacity of 70 cub. ft. per operation, 
which represents a total load of 5} tons, the spoil 
weight being approximately 3} tons. A jib with a 
fixed radius is employed, the working radius on the port 
and starboard cranes being 20 ft., while that for the bow 
crane is 26 ft. Apart from the difference in working 
radius, however, the three machines are similar. Each 
crane structure comprises a fixed lower roller track, 
which is carried by’a seating built into the ships’ struc- 
ture. Convex steel rollers are interposed between the 
fixed- and live-roller tracks, and each roller is arranged 
so that it can be supplied with lubrica grease 
under pressure. The fixed centre post is hollow and 
is fitted at the upper end with slip rings to provide con- 
nections for the main and auxiliary current ee ar 
The crane itself consists of a fabricated-steel revolving 
bedplate which supports two heavy cast-iron side 
frames to which the main-barrel béarings are fitted. 





The jib is supported independently by two rolled-steel 
A-frames, and the complete mechanism is enclosed by a 
heavy-gauge sheet-steel cab provided with Perspex 
windows. 

The grab hoisting and closing gear comprises a two- 
drum winch assembly, the rear drum accommodating 
the hoisting rope and the forward drum the holding 
rope. Both drums are of cast-iron and hye deep 
pip for the ropes. The main hoisting motor is a 

2-h.p. non-reversing unit which drives an intermediate 
shaft through two duplex roller chains, the drive being 
transferred to the drum shaft through a spur gear 
and pinion. The shaft for the holding drum, in turn, 
is driven by a further spur wheel, which meshes 
with that fitted to the shaft of hoisting drum. In 
order to ensure that the holding rope is always under 
tension, the drive to the drums is arranged so that 
there is a tendency for the holding-rope drum to 
revolve faster than that for the hoisting rope. This is 
accomplished by ing the spur gear fitted to the 
holding-rope drum s slightly smaller than that 
fitted to the hoisting-drum shaft and fitting a slipping 
clutch between the holding-rope drum shaft and its 
spur gear. When the grab is being hoisted, the holding 
rope tends to take the load, but this tendency is 
resisted by the clutch, which is designed so that it 
cannot transmit the load of the grab, either full or 
empty, and therefore slips. The hoisting drum is free 
to rotate about its shaft and it is brought into operation 
by a servo-assisted band-type clutch. 

The grab itself consists of a fabricated-steel frame- 
work, which — the two steel clams, which are 
fitted with -steel lip’ plates. The holding 
rope is. connected directly to the grab head by a 


}swivelling eye, while the hoisting and closing rope is 


fitted to the grab-closing chain through a Bordeaux 
connection. The holding ro over a sheave in 
the jib head to the underside of the holding drum, while 
the hoisting rope over a second sheave in the 
jib head to the top of the hoisting drum. Slewing is 
effected by a separate 25-h.p. reversible electric 
motor, which is coupled to an oil-imtersed worm 
reduction gear through a Bibby coupling. The out- 
put shaft of the reduction gear points vertically 
downwards and is fitted with a pinion, which meshes 
with the stationary gear ring. An indicator is pro- 
vided which shows the operator at all times the depth 
at which the grab is working under the water, whether 
the grab is open or closed, and the position to which 
the grab is being slewed. Furthermore, mechanism 
is fitted which ensures that the grab is lowered into 
the material being dredged in the open ition, 
thereby ensuring maximum load for each lift. The 
controls, however, are arranged so that in the event 
of the grab trying to lift an immovable object, the 
grab can be re and raised in the open position. 
The whole of the mechanism within the operator’s cab 
is lubricated automatically by a Tecalemit 18-point 
mechanical lubricator and electric heaters are provided 
for the operator’s comfort. 

The maximum depth of working is 70 ft. below the 
level of the crane foundations and each grab is capable 
of performing over 80 operations an hour. One of 
the grabs is shown in operation in Fig. 2, on 
608. The photograph from which this illustration 
is reproduced was taken when the vessel was undergoing 
trials on the Clyde, during which the three grab cranes 
filled the hopper in 1 hour 50 minutes, the grabs 
working at that time at a depth of 45 ft. 

Direct-current for the main propelling motors, 
the grabs and some of the auxiliary machinery is 
provided by three generating sets, each of which is 
driven by a Mark 12 RPL 12-cylinder V-type pressure- 
charged Diesel engine manufactured by Messrs. Davey, 
Paxman and Company, Limited, Standard Ironworks, 
Colchester. A general view of the engine room is 
given in Fig. 3, on page 609, while a drawing showing 
the engine-room layout is reproduced in Fig. 7, on 
page 612. The 12 RPL engine has a bore and stroke 
of 9} in. and 12 in., respectively, and at 520 r.p.m., 
develops 780 brake horse-power on a 12-hour rating, 
the three engines together developing a total of 2,340 
brake horse-power. Each engine is built~ with a 
fabricated-steel frame, the bedplate and crankcase 
forming separate structures which are joined together 
at approximately crankshaft level. The crankshaft is 
a solid-steel forging machined all over and drilled for 
the pressure lubrication of the connecting-rod big ends. 
The pistons are of aluminium “ Y ’’ alloy and they are 
arranged to work in renewable wet-type liners. The 
gudgeon pins are of the fully-floating type and each 
piston is fitted with four pressure rings and two oil- 
control rings. Two types of connecting rod are fitted, 
those for one bank of cylinders being forked and 
fitted with steel big-end bearings lined internally with 
anti-friction metal. These bearings operate on the 
per i rea; are ton mer arg to ree the blade 

or the corresponding cylinders of the o ite 
bank, the blade rods, in turn, being fitted with chite. 
metal lined big-end bearings. The cylinder heads are 
of cast iron and are fitted with overhead valves operated 
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in the usual way through push rods and rocking levers. 
The latter are completely enclosed and are carried by 
an independent casting, which also forms the upper 
half of the spherical antechamber, the engine being 
fitted with the Ricardo Mark III system of combustion. 
Pressure charging is accomplished by a Root’s blower 
situated at the forward end of the engine and driven 
through gearing from the crankshaft. The fuel pumps 
are in two groups of six and are situated between the 
two banks of cylinders. The fuel injectors are of the 
single-hole pintle type ; they are readily accessible and 
can be removed without breaking any water joints. 
The speed of the engine is controlled by a centrifugal 
hydraulic-servo governor. This is driven from the 
camshaft through bevel gearing, the pressure of the 
lubricating-oil system being used to operate the fuel- 
pump controls. The governor is arranged so that the 
engine is shut down automatically if the lubricating 
system fails. 

The engines are started by compressed air which is 
admitted directly into the cylinders, the air for this 
service being provided by a Reavell air compressor 
driven by a 14-h.p. electric motor. The compressed 
air is stored, at a pressure of 350 lb. per square inch, in 
four receivers each of which has a capacity of 23-38 
cub. ft. Each engine is controlled by a single handle 
which has a circular movement and passes through 
four positions. At the first position the lubricating-oil 
system is primed by operating a semi-rotary hand 
pump; this raises the pressure of the system suffi- 
ciently to operate the hydraulic governor and bring the 
fuel-pump control racks to the position for maximum 
normal delivery. At the second position, the overload 
stop on the fuel-control rack is released, thereby giving 
excess fuel for starting while, at the same instant, air is 
admitted to the appropriate cylinders. When the 
engine has reached its operating speed, the handle is 
moved to the third position ; this shuts off the starting 
air and re-applies the excess-fuel stop, adjustment of 
the speed thereafter being made through a knurled 
knob adjacent the starting handle. To stop the engine, 
the handle is moved to the fourth position ; this shuts 
off the oil supply to the governor and stops the engine. 
When under way, the engine is controlled entirely by 
the governor, the speed being maintained at a constant 
value regardless of the load. 

Each engine drives a 450-kW dynamo, which sup- 
plies a direct-current of 750 amperes at 0 to 600 
volts, the two machines being connected by a Well- 
mann-Bibby flexible coupling and bearing mounted on 
a common bedplate. A 62-5-kW 110-volt auxiliary 
generator is also coupled to the same shaft and pro- 
vides a constant-voltage supply for the ship’s lighting, 
the motors driving the engine-room auxiliaries and 
excitation for the deck machinery motors. A photo- 
graph which shows a complete unit on the test beds of 
Messrs. Davey, Paxman is reproduced in Fig. 6, on 
page 612. The three main generators are connected in 
series with each other and with the two propelling 
motors, as shown diagrammatically in Fig. 5, opposite, 
and operate at a constant current, the maximum 
voltage thus being 1,800. By suitably arranging the 
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Fig. 2. SrarsoarRp GRAB AT WORK. 


machines, however, the maximum voltage to earth 
can be limited to 600. As also shown in Fig. 5, the 
whole of the deck machinery, i.e., the forward and 
after winches and the three grab cranes, can be 
included in the series loop. It is claimed that this 
arrangement, although providing more auxiliary power 
than is actually required, enables the vessel to be run 
satisfactorily with only one main engine in operation. 

The two main propelling motors are double-armature 
machines and each is capable of developing 836 shaft 
horse-power at a speed of 135 r.p.m. They are venti- 
lated by independently driven fans, which draw air 
over the commutators at each end and discharge it at 
the centre. These motors with their associated fans 
can be seen in Fig. 4, opposite, which is a view in 
the engine room looking aft. Excitation for both 
generators and propelling motors is obtained from 
two Metadyne* sets, which are installed in the engine 
room on a flat extending over the propelling motors. 
This flat also accommodates the control desk, on which 





* A description of the Metadyne system as used in 
conjunction with train equipments was given in a paper 
read before the Institution of Electrical Engineers, 
February 23, 1939; see ENGINEERING, vol. 147, page 
354 (1939). Other applications of the Metadyne system 
were described in ENGINEERING, vol. 158, page 486 (1944). 








the Metadyne starters and the change-over switches 
mentioned below are fitted. The back of this desk is 
visible in Fig. 4, between the ventilating fans for the 
two propelling motors. Each Metadyne set is capable 
of full duty and is driven by a 40-h.p. drip-proof motor. 
It consists of a single exciter, which supplies the fields 
of all three generators in parallel, so that they remain 
balanced under all conditions. Its own field is in 
four parts, one of which is connected to the 110-volt 
auxiliary supply, one is in the main constant-current 
circuit, one is connected to a transformer, the primary 
of which is also in the main constant-current circuit, 
while the fourth is a shunt field, the purpose of which is 
to prevent hunting. The fields of the two propelling 
motors are separately supplied from two additional 
exciters. As has already been said, the fields of the 
smaller motors in the system are supplied from the 
auxiliary generators and are controlled by ordinary 
field rheostats. 

The Metadyne exciter, from which the generator 
fields are supplied, is provided with a reference field, 
which is excited at a constant voltage from the auxiliary 
generators and is opposed by the field generated by a 
single-turn winding, which carries the main current of 
750 amperes. Any change in this current, which may be 
caused by an alteration in the load or by short-circuiting 
a generator or motor, alters the output of the exciter 
almost instantaneously. The output voltage is also 
correspondingly affected, so that the current in the 
loop is quickly restored to its normal level. Similarly, 
the excitation, and hence the speed of the main pro- 
pelling motors, can be varied by adjusting the fields 
of the Metadynes, which supply them. These fields 
are supplied from the 110-volt auxiliary supply and 
from the tachometer generators mentioned below and, 
as the current in them is only 0-5 ampere, they can 
easily be controlled either from the engine room or 
from the bridge. On the Mersey 26, the change-over 
from one system of control to the other is effected by 
switches on the control desk in the engine room. 
When engine-room control is in use, the controller on 
the bridge can be employed as an engine-room tele- 
graph of the non-reply type, while when bridge control 
is being used the dia!s in the engine-room act as indica- 
tors for the information of the officer of the watch. 

Small tachon.eter generators, which are chain driven 
from the propelling motors and are connected in the 
field circuit of the appropriate Metadyne, ensure that 
the latter respond rapidly to any change in the motor 
speed, and thus provide a useful system of control. The 
propelling motors are also fitted with centrifugal 
devices of the normal type to ensure that overspeeds 
will not occur if a fault develops in the electrical 
circuits. A 750-ampere pneumatically-operated short- 
circuiting contactor is fitted across each half motor, 
so as to de-energise it and thus to reduce the heating 
losses during prolonged stops. These contactors are 
arranged to operate 10 seconds after the controllers 
have been placed in the stop position and are therefore 
not affected when the controller is moved from 
the ahead to the astern notches, or rests momen- 
tarily on the “ off” notch. They also assist in bringing 
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MACHINERY FOR DIESEL-ELECTRIC DREDGER. 
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the propellers to rest,'a feature which is desirable 
during close mancuvring. The air n: ; for 
operating this part of the equipment is obtained from a 
1-h.p. Westinghouse compressor. 

The generators and their fields can be isolated by a 
switch, which is installed in a small cubicle above the 
machine itself. This cubicle also contains a relay, which 
is operated by the lubricating-oil pressure and comes 
into action if the engine fails, thereby preventing the 
generator from motoring. 

As previously mentioned, the main generators also 
supply the three grab cranes and the forward and after 
winches. The crane hoists are driven by a 62-h.p. 
motor and the slewing motion by a 50-h.p. motor, all 
of which are supplied from the constant-current loop 
as shown in Fig. 5. Each motor is provided with a 
main contactor, a field contactor and a field rheostat of 
the reversing potentiometer type to give the requisite 
control. To limit the speed when the load is reduced, 
a small exciter with separate excitation and having its 
armature connected so that it opposes the main field 
current, is provided. As the current through the main 
armature is maintained constant at 750 amperes, the 
torque is determined by the field current and the 
motor can be stalled without damage. As there will be 
Jong periods during which the deck machinery will not 

in use, switches have also been incorporated in a 
cubicle on the auxiliary switchboard to isolate it from 
the constant-current loop. 

In addition to the auxiliary generators, which are 
directly-coupled to the main machines, a 40-h.p. Pax- 
man four-cylinder engine driving a 20-kW dynamo is 
installed in the engine room for use when the vessel is 
in harbour. There is also a 110-volt, 200-ampere-hour 
battery from which the lighting and other essential 
circuits can be supplied in emergency. To avoid 
difficulties from el running, two sets of auxiliary 
*bus bars are provided to which one generator at a time 
is connected and between which the auxiliary load can 
be divided in any desired proportion. 

The engine room is well laid out, and, as will be 

seen from Fig. 3, there is plenty of headroom. Gratings 
extend from the control platform round the engine 
room, thereby permitting the daily service tank gauges 
to be read and valves located high up on the ship’s 
side to be reached without recourse to separate ladders. 
The auxiliaries installed in the engine room include, 
= from those mentioned already, several Drysdale 
electrically-driven pumps for such duties as cooling 
and sea-water circulation, oil transference, bilge pump- 
ing, etc. A Cochran vertical boiler is installed at the 
forward end of the engine room for providing steam 
for the various ships’ services. The boiler is oil fired 
and has been designed for a working pressure of 105 Ib. 
per square inch. Other equipment includes Serck heat 
exchangers and lubricating-oil coolers, two Sharples 
centrifuges for the lubricating oil, Auto-Klean strainers, 
and a Diesel-driven air compressor. Speed and power 
trials were carried out on the Skelmorlie mile and, 
with a full load of 1,350 tons, the vessel achieved a 
mean speed of 12-20 knots. At first sight this may 
appear high for a vessel of this class, but it must be 
borne in mind that the distance from the Liverpool 
docks to the spoil-dumping area is of the order of 
15 miles. 
Another notable feature of the vessel is the accommo- 
dation, which is of an exceptionally high order. As pre- 
viously mentioned, the accommodation for both officers 
and crew is provided in a deck-house situated aft above 
the engine room. This has two decks, the cabins for 
the crew being on the lower deck, and those for the 
officers on the upper; all cabins are fitted with hot 
and cold water supplies, forced ventilation and thermo- 
statically-controlled steam heating. The galley and 
pantry are situated at the forward end of the lower 
deck, the crew’s mess being located alongside, and the 
officers’ mess directly above the galley, the latter 
being cc nnected to the officers’ mess by a service lift. 





AIRCRAFT FOR SWEDEN.—The Fairey Aviation Com- 
Pany, Limited, Hayes, Middlesex, have announced that 
the first of a number of target-towing versions of the 
Fairey Firefly has been delivered by air to Stockholm 
by the company’s chief test pilot. The aircraft, which 
is fitted with a Rolls-Royce Griffon engine, is provided 
with a tow line having a maximum length of 7,000 ft., 
and is suitable, therefore, for both air-to-air and ground- 
to-air firing. 





EXTENSION OF OVERHAUL PERIOD FOR ‘‘GIPSY QUEEN ” 
SERIES 70 AERO ENGINES.—Messrs. de Havilland Engine 
Company, Limited, MHatfield, Hertfordshire, an- 
nounce that the Air Registration Board have decided 
to increase the authorised period of duty between. over- 
hauls of the Gipsy Queen Series 70 engine from 400 hours 
to 500 hours. This type of engine is fitted to the Dove 
aircraft and the increase in periods between overhauls 
should bring about economies in the maintenance of this 





type of aircraft. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. ‘* ARMANISTAN.”—Single-screw cargo liner, carry- 
ing 12 passengers, built by Messrs. John Readhead and 
Sons, Limited, South Shields, for the Strick Line, Limited, 
London, E.C.3. Main dimensions: 511 ft. 74 in. by 
62 ft. by 33 ft. 7 in. to upper deck ; deadweight capacity, 
about 11,000 tons on a draught of 26 ft. 3 in. Triple- 
expansion steam reciprocating engines, with four oil-fired 
boilers, constructed by Messrs. John Readhead. Service 
speed, 14 knots. Launch, November 30. 


M.S. “ Borsa.”—Single-screw cargo vessel, carrying 
12 passengers, built and engined by Messrs. William 
Doxford and Sons, Limited, Sunderland, for the Socie- 
dade Geral de Commercio, Industria e Transportes, Ltda., 
Lisbon. Third vessel of an order for four. Main dimen- 
sions: 424 ft. by 53 ft. 9in. by 25 ft. 6in.; deadweight 
capacity, 7,140 tons. Four-cylinder Doxford opposed- 
piston oil engine giving a service speed of over 13 knots. 
Trial trip, December 15. 


S.S. “‘ WooDLAND.”—Single-screw vessel for the car- 
riage of timber and general cargo, built by the Caledon 
Shipbuilding and Engineering Company, Limited, 
Dundee, for the Currie Line, Limited, Leith. Main 
dimensions : 320 ft. by 46 ft. by 23 ft. 3in.; deadweight 
capacity, 3,600 tons on a loaded draught of 19 ft. 6 in. 
(timber, 3,900 tons on a draught of 20 ft. 9in.). Triple- 
expansion engines, supplied by Messrs. John G. Kincaid 
and Company, Limited, Greenock, and two oil-fired 
cylindrical boilers, designed to give a trial speed of 
12 knots. Launch, December 15. - 


MLS. “ SraLanD.”—Single-screw cargo vessel built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for Aktieselskapet Havtank (Messrs. 
Helmer Staubo and Company), Oslo, Norway. Main 
dimensions: 465 ft. (between perpendiculars) by 
63 ft. 6 in. by 36 ft. 3in.; deadweight capacity, about 
13,000 tons on a draught of 27 ft. 9 in. Four-cylinder 
opposed-piston Wallsend-Doxford Diesel engine, of 
3,750 b.h.p., constructed by the Wallsend Slipway and 
Engineering Company, Limited, Wallsend, and two oil- 
burning Scotch-type multitubular boilers. Service speed 
1234 knots. Launch, December 15. 


8.S. “‘Stmva Dan.”—Single-screw cargo vessel, built 
by Messrs. Short Brothers, Limited, Sunderland, for 
Messrs. J. Lauritzen, Copenhagen, Denmark. Main 
dimensions: 310 ft. (between perpendiculars) by 47 ft. 
by 27 ft. 11 in. to shelter deck ; deadweight capacity, 
about 3,400 tons on a draught of 19 ft. Triple-exparsion 
engines of reheat design installed by Messrs. George 
Clark (1938), Limited, Wallsend, and two oil-burning 
multitubular boilers, to give a service speed of 12 knots. 
Launch, December 16. 


M.S. ‘Fort RICHEPANSE.”—Twin-screw banama- 
carrying vessel, with accommodation for 12 passengers, 
built and engined by Messrs. Alexander Stephen and 
Sons, Limited, Glasgow, to the order of the French 
Government for the Compagnie Générale Transatlantique, 
Paris. Main dimensions: 375 ft. by 52 ft. 6 in. by 
29 ft. 6 in.; gross tonnage, about 5,200. Two eight- 
cylinder Stephen-Sulzer Diesel engines developing 8,000 
b.h.p., with a service speed of 17 knots. Launch, 
December 16. 


S.S. “‘PooLe Harsour.”—Single-screw collier, built 
by Messrs. John Crown and Sons, Limited, Sunderlard, 
for Messrs. Coastwise Colliers, Limited, London. Main 
dimensions: 224 ft. (between perpendiculars) by 36 ft. 
by 16 ft. 3 in.; deadweight capacity, 1,700 tons on a 
draught of 15 ft.6in. Triple-expansion engine and two 
boilers supplied by the North Eastern Marine Engineering 
Company (1938), Limited, Sunderland. Launch, Decem- 
ber 16. 





THE LATE Mr. N. GREENHALGH.—We note with regret 
the death of Mr. Nathaniel Greenhalgh, which occurred 
on December 16 at his home in Solihull, Warwickshire. 
Mr. Greenhalgh, who was in his 63rd year, was sales 
director of Messrs. Burton, Griffiths and Company, 
Limited, Mackadown-lane, Marston Green, Birmingham. 
He had been connected with the B.S.A. Tool Group of 
Companies for many years. 





LECTURES IN. CHEMICAL ENGINEERING.—A course of 
seven lectures on “‘ Unit Operations in Chemical Engin- 
eering ” will be held at the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, at 
6.30 p.m., on Fridays, commencing on January 28 and 
ending on March 11, 1949. The following is a list of the 
subjects and lecturers: ‘‘ Size Reduction,” by Mr. J. C. 
Farrant ; “ Drying,” by Mr. D. A. Johnson ; “‘ Evapora- 
tion,” by Dr. J. M. Coulson; “ Distillation,” by. Mr. 
G. A. Dummett; “ Filtration,” by Dr. G. Haydon; 
“ Centrifuging,’’ by Mr. A. Heeley ; and “ Instrumenta- 
tion,” by Mr. L. 8. Yoxall. The fee for the course is 15s. 
Application for an enrolment form should be made to the 


BRITISH STANDARD 
SPECIFICATIONS. 


Goes the Sales Department. of 
ictoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 
Portsmouth-Type Ball Valves—An amendment 
(No. 1) has been issued in connection with B.S. No. 
1212-1946, which covers ball valyes of the “ Ports- 
mouth ” type. Although the specification as originally 
issued included } in. and 4 in. sizes of ball valves, the 
total projection from the face of the fixed back-nut 
(which abuts on the inside face of ve cistern shell) 
was too long for valves to be fitted in “sabangpang nd 
bottom cisterns (commonly known as “ Bur- 
lington ” cisterns). ‘The effect of the amendment is 
to limit the total projection so as to overcome, this 
difficulty. A minor also effected is the substi- 
tution of hard-rubber joint rings instead of leather 
joint rings as some qualities of leather have been found 


to be unsuitable for ‘this [Copies of the 
amendment, reference P.D.831, are are gratis, upon the 
receipt of a stamped envelope. | 


Tensile Creep Testing.—A new specification, B.S. 
No. A. 23-1948, concerns the equipment and method 
for long-period, high-sensitivity tensile creep testing. 
It covers the essential requirements in regard to test- 
ing maeyeee ad So eetned of test to. be employed in 
order to measure le creep strains down to 0-1 per 
cent. and in periods of up 7° 10,000 hours. - Data 
regarding the recommended dimensions of the test 
specimens and the essential characteristics of the test- 
ing machine, thermocouples, temperature indicators, 
and extensometer, are given. A final section describes 
the test method and includes details of the preparation 
of the specimen, the checking of the instruments, and 
the presentation of the results. [Price ls., postage 
included.] 


Structural Steel_—In response to representations 
made by structural engineers, it has been decided to 
include in a -issued revision of B.S. No. 15, 
covering structural steel for bridges and general 
building construction, a requirement for a minimum 
yield stress for steel manufactured to this specification. 
In view of the importance of this addition, it has been 
considered desirable to give effect to it by the issue of 
a revision rather than by an addendum. Moreover, the 
opportunity has been taken to co-ordinate the toler- 
ances for dimensions and weights with the 

tolerances adopted in later specifications for structural 
steel. The forms of test pieces have also been modified 
to conform to those contained pea No. 18. The 
new revision specifies process manufacture, test 
methods and requirements, permissible ins on 
weights and dimensions, marking, the provision of 


test certificates, and inspectio: inspection procedure Tests on 
manufactured rivets~ are = ibed. [Price 2s., 


postage included.} 





BOOKS RECEIVED. 


Fireproof Construction. By PROFESSOR WALTER C. Voss. 
D. Van Nostrand Company, Incorporated, 250, 
Fourth-avenue, New York 3, U.S.A. [Price 6 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London W.C.2. [Price 33s. net.] 

Hyperbolic Functions : Their Derivation and Applications 
in Vector Algebra. By C. A. GROVER. Classifax 
Publications, 9, White Moss-avenue, Manchester, 21. 
[Price 4s. net.] 

Dimensions in Engineering Theory. By G. W. SruB- 
BINGS. Crosby Lockwood and Son, Limited, 39, 
Thurloe-street, South Kensington, London, S.W.7. 
[Price 7s. 6d. net.] 

Palmer’s Company Guide. A Manual of Everyday Law 
and Practice. Thirty-sixthedition. By Dr. J. CHARLES- 
WORTH. Stevens and Sons, Limited, 119 and 120, 
Chancery-lane, London W.C.2. [Price 6s. 6d.] 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. L/T168. Re- 
cording of Impulse Voltages—Theoretical and Experi- 
mental Investigation of Sources of Error Introduced by 


the Measuring Circuit. By Dr. H. Troprer. [Price 
15s. 6d. net.] No. L/T178. The Breakdown Time of 
Amorphous Solids, By J. H. Simpson. [Price 


9s. 6d. net.] No. L/T180. .The Initiation of Long 
Electrical Discharges. 11. Charging Currents. By 
Cc. E. R. Bruce. [Price 2s. 6d. net.) No. L/T185. 
Structure and Dielectric Properties of Barium Titanate 
and Similar Compounds. By Dr. A. F., DEVONSHIRE. 
{Price 7s. 6d. net.] Offices of the Association, 15, 
Savoy-street, Strand, London, W.C.2. 
The Steel Industry and Nationalisation. By PROFESSOR 
J. Harry Jones. Sir Isaac Pitman and Sons, 
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PERSONAL. 


Mr. E. Bruce BALL, M.I.Mech.E., has been elected 
chairman of the British Valve Manufacturers’ Associa- 
tion, in succession to Mr. J. M. Storey, who has held 
office for two . Mr. Storey has been elected vice- 
chairman, and . C. H. ARMSTRONG, Mr. R. A. BLAKE- 
BOROUGH, Mr. O. E. DICKINSON and Mr. N. J. HOpwoop 
have been elected to fill vacancies on the executive dom- 
mittee of ‘the Association. 

Messrs, BRITISH INSULATED CALLENDER’S CABLES, 
LIMITED, announce the formation of a wholly owned 
subsidiary company to take over the activities of their 
civil engineering and cable contracts departm@nts. 
The new company, which will commence operations on 
January 1, 1949, will be known as,BRITISH INSULATED 
CALLENDER’S ‘CONSTRUCTION COMPANY, LIMITED, Bical 
House, Bloomsbury-street, London, W.C.1. The board 
will comprise Mr. P. V. Hunrer, C.B.E., M.1.E.E. 
(chairman), Str JOHNSTONE WRIGHT, M.1.C.E., M. LE.E. 
(deputy chairman), and Messrs. H. F. AKEHURST, B.Sc. 
AM.LE.E., C. 8. BELL, W. C. HANDLEY, M.LE.E.. 
W. G. Henprey, M.1.E.E., and H. J. STONE, M.C.. 
M.I.E.E. The executive directors will be Mr. C. 0. 
Boyse, B.Sc. (Eng.), M.I.E.E. (general manager), Mr. 
O. J. Crompron, M.Eng., M.I.E.E. (manager, traction 
contracts), Mr. C. H. FRANKLAND, M.I.E.E. (manager, 
cable and overhead line contracts), and Messrs. F. DE B. 
Hart, M.1.E,E., and F. B. Krronin (joint managers. 
development and special projects). Mr. W. E. Tipton 
is to be secretary -accountant. 

Mr. J. ANDREW LEE, M.I.E.E., A.M.I.Mech.E., is 
relinquishing his appointment as transmission construc- 
tion engineer of the British Electricity Authority at the 
end of February, 1949. 

Caprain (E) W. K. WEsTON, O.B.E., R.N., has been 
appointed for duty with the Chief Naval Representative, 
Ministry of Supply, at the Naval Marine Wing of the 
National Gas Turbine Establishment, which is to carry 
out development work on marine gas-turbine plants for 
Naval purposes. CapPTaIn C. W. Byas, R.N., has suc- 
ceeded Caprain H. L. Sr. J. Fancourt, D.S.O., R.N., as 
Director of Naval Aircraft Development and Production. 
and Deputy Chief Naval Representative (Air), Ministry 
of Supply. 

Mr. L. G. FRIsr, B.Sc., F.R:Ae.S., has been appointed 
chief-engineer of Pervival Aircraft Limited, Luton Air- 
port, Luton, Bedfordshire. 


Dr. W. F. Causes, B,Sc., F.R.1.C., F.1-M., has joined 
the staff of Mr. R. H. Harry Stanger. A.M.LC.E., 
A.M.1.Mech.E., Testing Works and Chemical Labora- 
tories, Broadway House, 24-28, Tothill-street, London, 
S.W.1, as chief metallurgist. 

Mr. SAMUEL Dickinson, O.B.E., A.M.I.Mech.E., has 
been appointed head of the Department of Engineering 
and Mining at the Technical College, Bell-street, Wake- 
field. 

Mr. F. A. Kerry, B.Sc., A.F.R.Ae.S., has been ap- 
| pointed assistant chief designer, Saunders-Roe Limited, 
49, Parliament-street, London, S.W.1. 

Mr. A. J. FrueR has been appointed Director-General 
of Building Materials, Ministry of Works, Lambeth 
Bridge House, London, S.E.1,in place of Mr. E. A. SEAL, 
C.B., who was recently appointed Deputy Under-Secre- 
tary of State in the Foreign Office (German Section). 

Mr. E. M. SAUNDERS, formerly assistant to the general 
sales manager of the manufacturing companies of the 
Rootes Group, has joined the staff of Electro Hydraulics 
Limited, Warrington, as sales manager of the Industrial 
Division. 

Mr. D. B. Jepucott, A.M.I.Mech.E., is to take up the 
appointment of senior assistant in engineering at Wednes- 
bury Technical College, as from January 1, 1949. 
MESSRS. BROOKHIRST SWITCHGEAR LIMITED, North- 
gate Works, Chester, announce that Mr. J. GORDON 
FRATER has been appointed manager of their London 
sales organisation at 54, Victoria-street, S.W.1, as 
from January 1, 1949. Mr. C. A. PHILLIPS, who has 
latterly assisted Mr. Frater in the Midland area, operat- 
ing from Birmingham, is to take charge of this office at 
95, Colmore-row, Birmingham, 3. 


As indicated on page 586, ante, negotiations have been 
completed for 4 merger, on a share-exchange basis, of the 
BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, 
with the Diesel oil-engine interests of ASSOCIATED 
BRITISH ENGINEERING, LIMITED. The Brush Company 
will acquire from Associated British Engineering the 
latter’s two wholly-owned subsidiary companies, MESSRS. 
MIRRLEES, BICKERTON AND Day, LIMITED, Stockport, 
and Messrs. J. AND H. MCLAREN, LIMITED, Leeds and 
Staines. 

Messrs, ENGLISH NUMBERING MACHINES, LIMITED 
announce that their move to Queensway, Enfield, 
Middlesex, was successfully completed on December 10, 
and that all communications should now be sent to this 
address. The new telephone number is HOWard 2611-5, 





Limited, Parker-street, Kingsway, London, W.C.2. 





Principal prior to January 28° 





[Price 1s. net.] 


and telegrams should be addressed to ‘“‘ Numgravce 
Enfield.” 





NOTES FROM THE NORTH. 


GLaseow, Wednesday. 

Scottish Steel.—The usual end of the year rush is 
evident in all sections of the trade, heightened this year, 
of course, by the record-breaking tonnages being handled. 
Makers are endeavouring to finish off Period 4 authorisa- 
tions and export quotas by the end of the year, while 
works managers are anxious to clear off as much as 
possible in order to facilitate the annual stocktaking. 
There has been special urgency owing to the need for 
shipping fofeign orders before import licences expire. 
Supplies of raw materials for the melting shops are well 
maintained ; Continental scrap is arriving regularly to 
supplement local deliveries, which, at present, are at 
their seasonal nadir. The need for handling German 
scrap with care was underlined at Colvilles’ Clydebridge 
Steelworks last week, when a German rocket designed for 
discharge from an aeroplane was accidentally set off by 
a workman’s burner. The warhead had been removed, 
but the propellant charge remained and the missile took 
off, fortunately without serious injury to anyone. ‘Items 
of this nature are not uncommon despite the elaborate 
screening process at ports of loading and discharge. 

Scottish Coal.—®utputs range around 490,000 tons a 
week, antl while the inerease of some 15,000 tons weekly 
compare with a month ago facilitates distribution 
appreciably the extent of the:improvement-is leas than 
that of December last year, when in the three weeks 
before Christmas ontputs averaged 506,300 tons a week. 
Although better-than they were, deliveries to consumers 
are still belew the programme levels. Steelworks are 
receiving steady supplies of graded fuel, but the needs of. 
other users of ‘these sorts are not being mét. The. rail- 
ways now take considerable tonnages of opencast coal, 


and their needs are adequately met ‘forthe time ‘being, 


but gasworks are short and supplies are below require- 
ments at some other points. A small relief tonnage of 
gas coal from England has been arranged. The gap 
between deliveries of house coal against basic allocations 
remains considerable, but consumption has been lower 
as @ result of recent mild weather. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—A good deal of surprise was 
caused in Welsh coal-trade circles last week by news that 
the Divisional Coal Board had shipped a cargo of 2,200 
tons of coal to Bordeaux for the use of the French State 
Railways. The Board acted both as exporter and 
charterer, and fears were entertained that under the new 
Coal Bill, which gives them power to operate directly, there 
might be an extension of the practice. This was only 
the second cargo to be sold directly. The first was in 
February last, which resulted in strong protests from the 
exporters who were assured that it was the intention 
of the Board to continue to make use of the existing 
machinery. As a result of the pre-Christmas spurt in 
production, the output from the South Wales mines in 
the week ended December 11 reached the highest point 
for some years. The quantity of saleable coal raised in 
the coalfield was 496,900 tons, which was 22,229 tons 
above the total in the previous week. An unusual ship- 
ment from South Wales has just been arranged. This 
was for 8,000 tons of coal for shipment in January to 
consumers in New Zealand. Other ‘shipments have 
continued along steady lines, but, with the home trade 
still providing a ready outlet for almost the whole of 


‘current outputs, there is little likelihood of. any material 


expansion in shipments. Portugal and South America 
are receiving substantial quantities under standing 
commitments. There is rather more business under 
negotiation for Spain and Italy than of late, while 
deliveries to France, following more settled conditions at 
the ports in that country, are going forward more readily. 
A steady trade is being maintained with Eire. Bunkers 
are in good demand but are not very plentiful ; cokes and 
patent fuel are well engaged. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, more active conditions ruled in: the 
tin-plate ‘section of the industry. A number of orders 
were placed by home consumers for delivery during the 
first quarter of next year. In the export market, on the 
other hand, business was slow, as makers, after satisfying 
home requirements, had only comparatively limited 
quantities to spare. Steel sheets and iron and steel scrap 
continue to. be in great demand. 





RECRUITMENT OF Factory INSPECTORS.—In a written 
answer to Mr. A. E. Davies in the House of Commons 
on Tuesday, December 14, the Minister of Labour (the 
Rt. Hon. G. A. Isaacs) stated that the number of Factory 
Inspectors in 1945, 1946, 1947 and 1948 was 352, 330, 316 
and 329, respectively. The Civil Service Commission 
a aw to hold a competition for further appoint- 
ments. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—All works have been busily employed 
in completing specific jobs before the Christmas holidays. 
Outputs have been high in spite of power cuts and 
restrictions on the use of gas. It is predicted that the 
steel production ef the Sheffield area during the year 
will be well in excess of the 2,000,000 tons target. Last 
year’s production was about 1,750,000 tons. The 
weekly average production this year shows an increase 
of 6,400 tons a week on that for 1947,.and of 10,400 tons 
a week on 1938. Steelmakers’ deliveries of prime and 
second quality non-alloy billets, blooms and slabs for, 
light re-rolled steel products in the Sheffield area averaged 
15,600 tons a week in October. Engineering works 
have had a very busy year and have Jarge reserves of 
orders on their books. Railway-material makers are 
heavily booked and have made larger deliveries as steel 
supplies improved. Wagon builders and repairers are 
still busy and -are .working to the full extent of the 
materials available. 


South Yorkshire Coal Trade.—Coal production is at a 
high level, as‘is usual at this period of the year. Miners, 
in a determined effort to reach the 1,000,000 tons mark 
‘tor ‘the week, attended in good numbers at 63 pits on 
Saturday, which is nine more than on ‘the previous 
Saturday. In spite of foggy periods transport has ‘been 
satisfactory and good deliveries have ‘been made ‘to 
locomotive depots and industrial concerns. “Reserve 
stocks are higher than they were.a year ago. There has 
been regular flow of best qualities tothe ports for ship- 
ment abroad and coastwise. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel outputs are main- 
tained at a high level, but are far from adequate for 
customers’ requirements and production will be con- 
siderably curtailed by the usual Christmas holidays and 
by the execution of the extensive repairs to plant rendered 
necessary by a long period of full activity. Still larger 
outputs are expected next year and any expansion in 
production is likely to be fully justified by home and 
export demands. During the year, more than 25 per 
cent. of the United Kingdom output of pig iron and 
20 per cent. of the make of steel ingots has been turned 
out at works on the North-East Coast. Fortunately, 
supplies of raw materials are good and increasing. Still 
larger deliveries of fuel are expected and a steady expan- 
sion in the output of Cleveland ironstone is assured. 
The distribution of iron and steel scrap is on a scale 
that permits some accumulation of stocks at the con- 
suming works. . Pig iron is still wanted in larger quantities 
than are available and the various descriptions of steel 
are rapidly taken up. 


Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig-iron necessitates the continued strict control 
of distribution to ensure essential tonnage reaching the 
consuming plants. Basic-iron makers are able to provide 
their adjacent steel plants with sufficient iron for actual 
requirements. 


Hematite, Low-Phosphorus and .Refined Iron.—The 
limited production of East Coast hematite is promptly 
taken up by regular users, and consumers of low- and 
medium-phosphorus grades of iron readily accept all 
available parcels. Refined-iron manufacturers are able 
to meet their customers’ needs. 


Manufactured Iron and Steel.—Orders in hand for 
semi-finished and finished iron commodities are good 
and steel producers are unable to meet the heavy delivery 
claims made against extensive running contracts. Larger 
parcels of steel semies than formerly have been reaching 
users, both from -home producers and from overseas 
sources of supply, but sheet bars and small billets are 
stillin strong request. Substantial clearances of finished - 
steel products are reported. Pressure for the largest 
possible deliveries of sheets, plates, angles, railway 
requisites and all types of material for constructional 
work shows no sign of diminution. 





CHRISTMAS LECTURES AT THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—Two Christmas lectures for older 
school children will be delivered at the Institution of 
Electrica] Engineers, Savoy-place, Victoria-em bankment, 
London, W.C.2, at 3.p.m. on Wednesday and Thursday, 
December 29 and 30, by Dr. P. Dunsheath, C.B.E. 
The title of the lectures will be “‘ Eleetricity;: A Giant 
Harnessed,” and after elementary principles and the 
commercial .development of generation have been ex- 
plained in the first lecture, the contribution of electricity 
in the fields of illumination, power supply, traction and 





other phases of everyday: life will be-deseribed. 


——-— —— - —_—___- 











Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF CIVIL ENGINEERS.—Birmingham 
Association: Thursday, December 30, 6 p.m., James 
Watt Memorial Institute, Birmingham. Joint Meeting 
with the INsTITUTION OF STRUCTURAL ENGINEERS. 
Midland Counties Branch. ‘‘ The Limitations of Soil 
Mechanics as Applied to Foundations,” by Mr. G. B. R. 
Pimm. Institution: Tuesday, January 4, 5.30 p.m., 
Great George-street, Westminster, S.W.1. ‘“‘ A Reclama- 
tion near Wainfleet,”’ by Mr. G. E. E, Buchner. 

JUNIOR INSTITUTION OF ENGINEERS.—Thursday, 
December 30, 6.30 p.m., 39, Victoria-street, S.W.1. 
Film on “ Barber-Greene Equipment.” Friday, Jan- 
uary 7, 6.30 p.m., 39, Victoria-street, S.W.1. Film on 
“* Wheels Behind the Wheels,’”’ to be introduced by Mr. 


‘H. Bromage. 


INSTITUTION OF ‘ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, January 3, 6 p.m., James 
Watt Memorial Institute, Birmingham. “* Factors 
Inflmencing ‘the Design of High-Voltage ‘Air-Blast 
Cireuit Breakers,’ by Messrs. C. H. Flurscheim and Z. L 
L’Estrange. -Alsoatthe North-Western Centre: Tuesday, 
January 4, 6.15 p.am., Engineers’ ‘Club, Manchester. 
Southern :Centre: Wednesday, January 4, 6.30 p.m., 
City Council Chambers, Clarence-parade, Portsmouth. 
“* Centralised Ripple Control! on High-Voltage Networks,” 
by Messrs. T. W. ‘Ross and R.M. A. Smith. Western 
Centre: Monday, Jamuary 10, 5 p.m., South Wales 
Institute of Enginecrs, Park-place, Cardiff. ‘‘:A Résumé 
of the Very High Frequency Point-to-Point Communi- 
ation,” by Messrs. F. Hollingburst and C. W. Sowton. 
Measurements and Supply Sections : Tuesday, sammeny 11, 
5.30 p.m., Victoria kment, W.C2. “‘ Double- 
Ratio A.C. Bridges with Inductively-Coupled Ratio 
Arms,” by Messrs. H. A. M. Clark and P. B. Vanderlyn. 
“‘A Direct-Capacitance Aircraft Altimeter,’ by Messrs. 
W. L. Watton and M. E. Pemberton. 

RoyaL Socrery oF ArtTs.—Tuesday, January 4, 
6 p.m., John Adam-street, Adelphi, W.C.2. ‘“‘ Radar 
and Its Application to the Science and Art of Marine 
Navigation,” by Lieut. P. Satow. Tuesday, January 11, 
6 p.m., ‘“‘ Weather Forecasting at Sea,”’ by Captain J. W. 
Josselyn. 

INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, January 4, 7.30 p.m., Grand Hotel, 
Cardiff. Various short discussions. London Branch: 
Wednesday, January 5, 7 p.m., Royal Society of Arts, 
John Adam-street, London, W.C.2. Film on “ Atomic 
Physics.” Birmingham Branch: Friday, January 7, 
7.30 p.m., Imperial Hotel, Birmingham. “‘ Twenty 
Years’ Progress with Bucket-Type Excavators,” by Mr. 
S. L. McKay. East Lancashire Branch: Tuesday, 
January 11, 7.15 p.m., Engineers’ Club, Manchester. 
«‘ Fire Appliances,” by Mr. H. Hoyle. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, January 5, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “Heating and Ventilating Plants in German 
Underground Installations,” by Mr. L. C. C. Rayner. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North- 
Western Centre: Wednesday, January 5, 7.30 p.m. 
Engineers’ Club, Manchester. ‘‘ Diesel Engines,” by Mr. 
V. W. Pilkington. Scottish Centre: Monday, January 
10, 7.30 p.m., North British Station Hotel, Edinburgh. 
“Metal Failures,” by Mr. R. Strong. 


INSTITUTION OF MECHANICAL ENGINEERS.—<Scottish 
Branch: Thursday, January 6, 7.30 p.m., Royal Tech- 
nical College, Glasgow ; and Friday, January 7, 7.30 p.m., 
Heriot-Watt College, Edinburgh. Thomas Hawksley 
Lecture on “Heat Engines,” by Mr. K. Baumann. 
Institution: Friday, January 7, 6 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Discussion on “ Rotary 
Motion,” opened by Dr. W. Abbott. London Graduates’ 
Section: Saturday, January 8, 3 p.m., Storey’s-gate, St 
James’s Park, S.W.1. Annual Lecture: ‘Industrial 
Research and Its Relation to Design and Production,” 
by Sir F. Ewart Smith. AUTOMOBILE DIVISION. Bristol 
Centre: Thursday, December 30, 6.45 p.m., Royal Hotel, 
Bristol. ‘Lubrication of Engines in Public-Service 
Vehicles,” by Mr. A. T. Wilford. London Centre: Tues- 
day, January 11, 6 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. ‘‘ Basic Problems iu the Engineering of a Modern 
All-Metal Motor Body,” by Mr. E. S. White. 


CHEMICAL Socitety.—Manchester Branch: Friday, 
January 7, 6.45 p.m., Enginee:s’ Club, Manchester. 
** Production of Acetylene from Hydrocarbons,” by _ 
H. Steiner. 

INSTITUTION. OF ENGINEERS AND SHIPBUILDERS "IN 
ScoTLAND.—Tuesday, January 11, 6.30 p.m., 39, Ejm- 
bank-crescent, Glasgow. ‘‘The History of the River 
Clyde, and the Port of Glasgow, ** by Mr. W. F. Robertson: 
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TWIN-SCREW DIESEL-ELECTRIC GRAB DREDGER. 
MESSRS. FERGUSON BROTHERS (PORT GLASGOW), LIMITED, PORT GLASGOW. 
(For Description, see Page 607.) 











INEER)* 





Fie. 6. Marn anp AUXILIARY GENERATING SET ON TEsT BED. 

























[Sol 
© 25 kW. Auxiliary 


Generator 









— 


ort 
a 


cS 





















































Fd 
=) 
wt 
NX; 
3 Wg 
a ae ae 
Seal 
} 
we 
3 






















































































: Calorifi 
ey wee ta er SW Ree nes SPD cs ace 

COURSES IN RUBBER TECHNOLOGY.—The Liverpool|and is for students over 16 years of age who have | 12 lectures, has been arranged for those who, on account 
Education Committee have started courses in rubber | reached astandard in science and mathematics equivalent | of night shifts or for other reasons, cannot attend the 
technology similar to those already established in| to that of the School Certificate. There are also two | longer elementary course. A total of 220 students from 
London, Manchester, Birmingham and Edinburgh. They | more elementary courses, the first being for those who | the Dunlop Rubber Company’s Speke factory are taking 
are held in Childwall and Walton Evening Institutes. One| can attend only one evening a week, and consists of 24 | the course, 27 for the Licentiateship and 193 for the 
course is intended for those studying for the Licentiate | lectures on the raw materials, processes, and methods of | othertwo. Nine of the ten lecturers are from the Dunlop 
examination of the Institution of the Rubber Industry, | testing used in the rubber industry. A similar course, of 'Company’s factories at Speke and Walton. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
‘the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMp.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to ‘“‘ ENGINEERING,” Ltd 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W C.2. 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings. of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12) per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
prt ne joe - = y announcements must be 

at least 8 previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for bavertineat blocks left in their possession for more 
than two years. 
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MATHEMATICS AS A TOOL. 


‘THE attention focused upon ‘“‘ Applicable Mathe- 
matics ” by the contributions to tbe joint discussion 
between Section Gand Sub-section A* at this year’s 
meeting of the British Association, which was the 
subject of an article on page 541, ante, is evidently 
widespread, to judge by comments we have since 
received ; and one of the most forcibly expressed 
complaints is that students now entering university 
depertments of pure and applied science are so 
deplorably deficient in ability to apply such mathe- 
matical knowledge as they presumably possess that 
a radical reorientation of the mathematical curri- 
cuium from the school upwards appears to be 
overdue. It would seem to be quite beyond their 
competence to carry through an ordinary computa- 
tion in a methodical manner without unnecessary 
labour and to obtain a result correct to the number 
of significant figures justified by the experimental 
data with the decimal point properly located. 
Apparently they have only the slightest acquaint- 
ance with graphical methods and in many instances 
are neither capable of drawing a presentable graph 
nor of deriving any relevant information from it. 
Not a single member, we are assured, of a large 
first-year Final class in Practical Physics was able 
to state the error in r‘ corresponding to a 1 per cent. 
error in r or to work out this prodigious problem in 
less than a quarter of an hour. Worse still. this 
correspondent continues, “alphabetical arguments 
have so completely bemused them that it is well- 
nigh impossible to rouse them to any enthusiasm 
for numerical calculations or to shame them out 
of their slip-shod habits.” 

Though this complaint seems now to have reached 
a chronic stage, it is by no means new. More than 
35 years ago, Professor H. P. M. Bouasse, of the 
University of Toulouse, diagnosed the trouble with 
his customary penetration and, in the first two 
volumes of his monumental Bibliothéque Scientifique 
del’ Ingénieur et du Physicien, proposed as a cure 
a shift of emphasis in the teaching of mathematics 
towards applications, and the excision of non- 
essentials from mathematical courses designed for 
students of engineering and physics. Mathematics, 
he pointed out, is the art of drawing inevitable 





symbols representing srbitrary definitions conferred 
on things. It can do no more than render explicit 
what is implicit in its postulates and it is incapable 


g|of turning out anything transcending them in 


validity. The principles of a science, on the other 
hand, are provisional, and have to be discovered ; 
they are founded on sight and refined by insight. 
Once formulated, their logical consequences must 
be extracted by mathematical deduction. To carry 
this out effectively, the student of an exact science 
needs an extensive mathematical equipment, but 
of a strictly utilitarian order; and it is preferable 
that he should acquire this by a properly directed 
preliminary effort rather than muddle along without 
it or pick it up en route. Mathematics for him is 
not an end in itself, a subject of meditation, but a 
means to an end, a practical working tool; and, 
knowing from experience that to demand perfection 
in either tools or technique/would automatically 
exclude all experimentation, he is not averse from 
employing procedures that cause the mathematical 
purist to shudder. 

Fortunately, the physical attributes of his ma- 
terial exempt him from many of the mental reserva- 
tions that harass and inhibit the mathematician. 
The latter can devise peak functions for which a 
Fourier expansion is not justifiable ; but, in prac- 
tice, the temperature at a point in a medium has 
a single value which is necessarily finite, while 
temperature discontinuities at actual interfaces are 
never infinite. Unlike the mathematician, who 
cannot visualise the phenomenon without its equa- 
tion, and often not even with it, the applied scientist 
seeks the physical significance of mathematical 
formule and is not content to let equations lead 
him by the nose. For him, a problem is not solved 
when expressed in the form of an equation, differ- 
ential or otherwise. He must arrive at numerical 
results by an appropriate process of calculation, and 
it is precisely at this stage that mathematical 
methods of the greatest theoretical potency are apt 
to prove least effective. 

Though, admittedly, great sagacity is needed to 
discover new mathematical theorems, yet, once 
discovered, their import can generally be appre- 
ciated without formal proof by demonstrating their 
validity on a series of representative special cases. 
Such an intuitive approach is abhorrent to the 
mathematician, who invariably proceeds from the 
general to the particular. However, whereas those 
who have worked out particular examples are 
usually capable of mastering the general theorem 
in the unlikely event of the necessity arising, the 
reciters of general theorems are frequently incapable 
of applying them. The refinements and minutie 
of mathematics that encumber rigorous proofs 
exasperate or bore the student of applied science. 
Such proofs often have an artificial air, for the very 
good reason that they were devised after the truth 
of the proposition had been divined. It was Gauss 
who remarked that, having discovered a theorem, 
he was now engaged in concocting a proof. More 
ground would be covered in geometry if, instead of 
treating it as the art of reasoning well on ill-drawn 
figures, accurately-drawn figures were employed 
to confirm its enunciations, or if occasional incur- 
sions into algebra were admitted to short-circuit its 
proofs. 

The utilisation of mathematics in science consists 
almost invariably in finding a function capable of 
representing the phenomenon under investigation, 
that is, in the study of a curve. The curve provides 
@ concrete representation of the function, and, if 
it is to be discussed intelligently, it must first be 
obtained correctly. Algebraic operations, such as 
the solution of equations, involve a study of the 
intersections of curves. The integration of a 
differential equation implies the study of a family 
of curves. The exploration of a surface consists 
in the investigation of its intersections by appro- 

iately dis —and again reduces to the 
saa “Of — The the main mathematical 
preoccupation of the applied scientist is with what 
a curve or family of curves can re t. Provided 
that he grasps clearly the definition of a function, 
is familiar with its form and conversant with its 
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characteristic features, it matters little to him how 
the mathematician has arrived at the values of the 
function, what series he has employed, and what 
demonstrations of existence, convergence, etc., he 
has demanded. It is not indispensable to know the 
relations between Bessel functions of diverse orders 
or their series development to turn the tabulated 
values of these functions to effective practical 
account. Finally, mathematics can only rank as a 
practical subject when laboratory facilities are 
available to enable it to be treated as such. A 
properly equipped mathematical laboratory should 
include drawirg instruments, apparatus for the 
mechanical transcription of curves, a comprehensive 
set of mathematical tables, a variety of calculating 
machines (including planimeters, harmonic analy- 
sers, etc.), and models of surfaces in plaster, or, 
when they admit rectilinear generators, threaded on 
metal frames. Much of this apparatus could be and 
should be constructed by the student himself. 

Though the time that the applied scientist can 
devote to mathematics is limited, his requirements 
are sufficiently clearly defined to permit rapid 

to be achieved by a circumscribed but not 
superficial syllabus, provided that this is specifically 
designed to keep these requirements consistently 
in mind. A much broader view of the scope of 
mathematics could be obtained and a far higher 
standard of mathematical technique attained by 
excluding what, for his purpose, are irrelevancies 
and by concentrating upon topics of direct applic- 
ability or eventual utility. It is sheer perversity to 
cater for the minority of students who are destined 
to become mathematical specialists at the expense 
of the majority for whom mathematics is ancillary 
to their main interest. Even the future professional 
mathematician would surely benefit from the pur- 
suance of a wider and less rigid programme in the 
early stages of his career. It would, at any rate, 
serve to tiain him in the use of mathemavical instrv- 
ments other than the pen, and convince him of the 
existence of the external world by introducing him 
to some of the technical problems encountered in 
industry. It might well qualify him to direct a 
mathematical laboratory and stimulate him to 
undertake the training of future technicians. 

The divergence between the mathematician’s 
interests and the applied scientist’s pursuits is so 
pronounced that text-books written by the former 
are seldom suited to the needs of the latter. Pro- 
fessor Bouasse’s great merit is not that of having 
pointed out, in the forceful manner indicated above, 
what ought to be done to remedy a lamentable 
situation, but of hav’ng written two volumes wherein 
he expounds the manner in which it should be 
accomplished. The first, his Cours de Mathé- 
matiques Générales, covers the ground work indis- 
pensable for students of engineering and physics, to 
whom his remaining 45 volumes are addressed. The 
second, the Exercises et Compléments de Mathé- 
matiques Générales, written in collaboration with 
Professor E. L. S. Turriére, also of Toulouse Uni- 
versity, contains a connected course of systemati- 
cally planned exercises. These are not just elegant 
problems of mathematical legerdemai., but genuine 
problems requiring numerical or graphical treat- 
ment, demanding time and effort for their solution, 
and leading to directly serviceable results. The task 
of the university teacher of physics and engineering 
would be materially lightened ‘f his students could 
be induced to work conscientiously through a course 
such as this; but, as war indicated in the opening 
paragraph, it would seem that some preparatory 
work is needed at the school level to prepare their 
minds to take full advantage of it. 





THE LATE MR. ARTHUR TITLEY. 


As we go to press, we have learned with much 
regret of the death on December 19, at Sutton Cold- 
field, of Mr. Arthur itley, M.I.Mech.E., to whose 
initiative was due the founding, in 1920, cf the New- 
comen Society for the Study of the History of 
Engineering and Technology. ‘The circumstances 
were described by him in a paper presented to the 
Society on November 12, 1941, and reprinted on 
page 394 of our 152nd volume (1941). An obituary 
notice of Mr. Tidey will appear in next week’s 
irsne Of ENGINEERING. 





INDUSTRIAL DEVELOP- 
MENTS IN WALES. 


““Durine the past 100 years, Wales has been 
best known for its coal mining, steel production, 
tinplate manufacture, slate and other quarrying, 
and finally as a playground for the tourist and 
holidaymaker. These industries have grown out 
of its natural resources and amenities.” This 
statement is made by Mr. W. Clayton Russon, the 
President of the Industrial Association of Wales 
and Monmouthshire, in the foreword to an indus- 
trial directory* published by that body. It seems 
natural that the industries of a country or a region 
should be based on its natural resources. The 
production of woollen cloth, which probably consti- 
tuted the first large-scale English manufacturing 
industry, and was developed in the Fourteenth 
Century, was conducted in the districts in which 
the raw material was available. The conditions of 
that distant time were gradually modified as trans- 
port facilities improved, first owing to the con- 
struction of canals, and later by the coming of 
railways, until a state of affairs has been reached in 
which it is physically possible to carry on almost 
any industry anywhere. That is not to say, how- 
ever, that it is economically desirable. 

‘Lhat a great industry may be built up in spite 
of the absence of immediate natural resources is 
clearly demonstrated by the engineering achieve- 
mepts of Switzerland, but nevertheless, in spite 
of modern transport devclopments, the main basic 
industries have tended to remain in the areas with 
which they have been connected for hundreds of 
years ; Lancashire still stands for cotton, Yorkshire 
for wool, and Sheffield for steel. Some of the obvious 
reasons for the continuing association of specific 
industries with specific localities are that large 
bodies of workpeople have grown up with experience 
and skill in the particular industry of their locality, 
and that extensive established manufacturing plants 
represent capital investments which it would not 
be to the interest of either the owners or the country 
at large to abandon. Frequently, also, local con- 
ditions are particularly favourable to certain types 
of activity. When industry was free to establish 
itself where it wished, it did not select unsuitable 
localities. 

Although a particular district may have natural 
or other features making it particularly suitable for 
@ certain type of industry, the establishment of 
that industry as the sole or main trade activity 
may have disadvantages. If it is concerned with 
a heavy type of manufacture, there may be little 
employment for any female labour available and a 
period of bad trade in the particular industry con- 
cerned will be felt with special severity, no alter- 
native employment being available. This is a 
matter to which much attention has been given in 
recent years. In the Nineteenth Century, industry 
was left to establish itself in what it considered the 
most suitable district, but in the period of stringency 
between the wars a beginning was made with a 
policy of deliberately influencing the distribution of 
industrial activity and the so-called Distressed 
Areas were delimited, inducements being offered to 
manufacturing firms to establish themselves in, or 
move to, these localit‘es. This policy still continues 
in operation, the only change being that the more 
euphemistic term, Development Areas, has been 
introduced. Under the new town-planning arrange- 
ments, however, it appears that in future industry 
may not merely be induced, but may be directed, 
to establish itself in selec ed places. 

The main step which has been taken so far in 
implementing a policy directed to the deliberate 
location, or relocation, of industry has consisted 
in the establishment of light industries in areas which 
in the past have been dependent mainly on some 
type of heavy manufacture which was not able to 
offer employment to women or to men physically 
unsuited for heavy work. This policy has been 
put into operation in Wales, as in some other places. 

An important part of the so-called light industries 





* Industrial Directory of Wales and Monmouthshire. 
First Edition, 1928. The Industrial Association of 
Wales and Monmouthshire, Aberdare House, Mount 
Stuart-square, Cardiff. [Price 10s. 6d.] 
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are concerned with the manufacture of domestic 
appliances which in many eases are in the nature 
of amenities rather than necessities. Many of the 
manufactures of this kind can be produced without 
elaborate or expensive shop equipment, so that 
new factories can be set up with relatively moderate 
capital expenditure. This attractive state of 
affairs, however, has its dangers and it appears 
possible that the establishment of works in many 
parts of Great Britain for the manufacture of certain 
types of appliance may be excessive. An indication 
of this is given in a recent Government report* on 
Welsh industry, in which it is stated that ‘‘ some 
light manufacturing industries ... are suffering 
from a reduced demand for their products.” 

As many of the industries which have been intro- 
duced have been new to Wales, there has been no 
labour force immediately available for their operation 
and the Government report deals with the various 
training centres which have been set up, and with 
the operation of the scheme for placing disabled 
persons in some of the new light industries which 
have been started. The extent of direct Government 
assistance towards the introduction of more diversi- 
fied industrial activity is indicated by the fact that 
by June 30, 1948, a total of 51 Government-financed 
factories had been completed, 93 were under con- 
struction, and a further 24 were provided for. 
Privately-financed schemes had been responsible for 
the construction of 57 factories, and covered 66 
under construction and plans for an additional 29, 

The efforts which are being made to introduce a 
more diversified pattern into the ‘ndustry of Wales 
are commendable, but the most important activities 
of the country must continue to be centred on coal, 
and iron and steel. In the past, the prosperity of 
the South Wales coalfield has depended to such an 
important extent on the export trade that the 
recent renewal of exports is of promise for the 
future ; but there is still a long way to go. Ship- 
ments abroad, including the Channel Islands, Eire 
and Northern Ireland, in the year ended June 30, 
1948, totalled 1,481,000 tons; the peak shipment 
of the past was 40 million tons. A much better 
record is shown by the iron and steel industry, in 
which production has kept pace with the general 
progress in Great Britain ; in steel sheets, Wales 
has increased its share of the total output. The 
production of tin-plate is still below pre-war level, 
but continues to increase. 

The greater part of Wales is agricultural, but the 
north and south coalfields cover considerable areas. 
The other districts not dependent solely on agricul- 
ture are the slate-quarry areas around Blaenau 
Festiniog and Port Dinormic. The trading estates 
have been established in, or on the fringes of, the 
coal or slate districts. The Welsh slate industry 
suffered severely during the war and apparently 
none of the one-time large export trades has been 
recovered yet. Both the Government report 
and the industrial directory state that the main need 
at the present time is for more skilled men. The 
very wide range of activities covered by the indus- 
tries of Wales is clear from the section of the latter 
publication entitled ‘‘ Products and Services.” The 
first item in this 66-page list is ‘‘ abrasives ” and 
the last ‘‘ Zipp fasteners.” The Industrial Associa- 
tion of Wales and Monmouthshire, which has com- 
piled and published this useful directory, had its 
beginnings in 1944 when independent trade associa- 
tions were formed in north and south Wales. 
These were a ted in 1946 to form the 
present body. The business of the Association is to 
foster Welsh industry. It maintains panels of 
experts to give advice and assistance in the various 
branches of manufacture and on transport and other 
services. There is a General Cargo Committee 
charged with attracting shipping to South Wales 
ports and devising measures to cultivate traffic to 
fill the gap caused by the great fall in coal exports. 
An Education and Training Committee has also 
been set up to “encourage the entry of suitably- 
minded youth into industrial careers,” and “also 
to encourage the strongest possible liaison between 
industrialists and technical colleges.” 





* Wales and Monmouthshire. Report of Government 
Action for the Year .Ended 30th June, 1948. -H.M. 
Stationery Office. [Price 1s. net.] 
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NOTES. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Tue large attendance at the general meeting of 
the Institution of Mechanical Engineers on Friday, 
December 17, and the informative discussion which 
followed the presentation of the paper, showed that 
the subject was one of unusually wide interest. 
Furthermore, an engineer without previous know- 
ledge of the subject might reasonably hore to 
obtain useful information from the paper—a 
characteristic of papers in general which seems 
to diminish as engineering progresses. The paper 
was on “Cinematography in Engineering,” and 
was presented by Mr. H. A. V. Bulleid, M.A., 
A.M.I.Mech.E.; the President, Captain (E) Wil- 
liam Gregson, R.N.R., M.Sc., was in the chair. 
The author commenced his paper with advice on 
the choice of suitable apparatus, mentioning, in 
particular, for general-purpose cinematography, a 
spool-loading variable-speed camera of the 16-mm. 
size, With a compensated view-finder and a three- 
lens turret w'th visual focusing. A useful standard 
set-up of four lamps and a camera suitable for 
“straight ” records (of time and motion study, for 
example) was described, and instances were quoted 
of cases where production had been speeded up by 
studying such films. The most common type of 
special record was one in which the record of a 
movement was slowed down or enlarged, in com- 
parison with the original, to enable it to be studied 
more closely. A formula for determining the 
correct camera “ taking ’’ speed, when the velocity 
of movement of the subject and other data were 
available, was given. Mr. Bulleid described briefly 
the capacities of some typical high-speed cameras, 
and gave advice on lighting for this work. He 
explained how, by replacing an ordinary shutter 
by one having an open sector of only 10 deg., the 
time of each exposure could be reduced while the 
“taking ” speed (the number of frames per second) 
was not altered. This often revealed unexpected 
phenomena. Passing to the other extreme in cine- 
matography, he drew attention to the possibilities 
of low-speed work, in which a movement, growth, 
etc., too slow for the eye and mind to assimilate, 
could be visually accelerated. ‘ Animation ” of a 
proposed mechanism on a drawing board could be 
useful for design purposes. By using a Perspex 
or other transparent-plastic component, in con- 
junction with cinematography, it was possible to 
discover the cause of defects, etc.; for example, 
faulty blowing of sand into a core mould. X-rays, 
infra-red photographic materials, and microscopes 
could also extend the usefulness of cinematography. 
The author quoted numerous examples of the appli- 
cation of cinematography in engineering, and after 
the presentation of his paper, a selection of films 
was shown on the screen. Dr. F. C. Jobansen, 
M.I.Mech.E., in opening the discussion, referred 
to some additional examples of interest, and sum- 
marised the numerous advantages of the ciné 
camera, adding that a film could be shown to as 
many people as were interested, ‘all of whom— 
and this was an important point—saw exactly the 
same thing.”” Mr. H. Hampson, M.Sc., M.I.Mech.E., 
impressed everyone by showing a remarkable film 
of a vapour condensing on a cooled surface, in con- 
nection with research on this subject which is being 
undertaken at Queen Mary College. The camera 
which was used was bought for 3/. 10s. Several 
other speakers showed films and added advice to 
that tiven by the author. 


Hypro-ELectric DEVELOPMENTS IN SCOTLAND. 


Two hydro-electric generating stations, forming 
part of the North of Scotland Hydro- Electric 
Board’s first constructional scheme, were put into 
operation on Tuesday, December 21. The first of 
these is on the River Morar in Inverness-shire, and 
is built in a cavern excavated in the rock. Its 
present capacity is only 600 kW, but arrangements 
are being made for an ultimate development of 
2,000 KW with an annual output of 6,000,000 kWh. 
Water is obtained from Loch Morar, the surface of 
which is eventually to be raised by 9 ft. to increase 
the head. At present, the head has been increased 





3 ft. by constructing an automatic regulating weir 


in the river bed immediately above the Morar Falls. 
The power station is 30 ft. long by 18 ft. wide and 
34 ft. high, and its construction, together with 
that of the intake and tail-race tunnels, involved 
the excavation of 3,200 cubic yards of rock. 
The generating plant consists of two vertical-shaft 
Kaplan turbines, with an output of 300 kW at 
33 r.p.m. The second station is at Lochalsh in 
Ross-shire, where the necessary work involved the 
construction of a dam 56 ft. high and 250 ft. long 
across the Allt Gleann Udalain, the erection of a 
5,230 ft. pipe line and the installation of 1,000 kW 
of plant in a building 70 yards south-east of Nostie 
Bridge. It is intended to increase the capacity of 
this station to 4,000 kW with an annual output of 
7,000,000 kWh. At present, the maximum gross 
operating head is 478 ft. and the ylant consists of 
two 2l-in. Turgo impulse turbines, each with an 
output of 500 kW at a speed of 750 r.p.m. This 
station will be used to supply a large area in western 
Ross-shire, western Inverness-shire and the Island 
of Skye, with a total population of about 7,500. 


War DamaGE anp Pousric Utimiry UNDER- 
TAKINGS. 


The text of the War Damage (Public Utility 
Undertakings) Bill was issued on Saturday, Decem- 
ber 18. It provides for payments on account of 
war damage to be made to public utility and other 
undertakings which, it may be recalled, were 
excluded from the War Damage Acts of 1941 and 
1943. It is estimated that the sum now involved 
will be about 62,000,000/. In the first schedule to 
the Bill public utility undertakings are defined as 
statutory undertakings concerned with railways, 
canals, harbours, docks, gas, electricity, water, 
sewerage and lighthouses. The damage for which 
payment may be made must comply with two 
conditions. It must be damage to certain kinds of 
property, such as land, distribution works and goods 
of a kind insurable under the business scheme. 
The property must also stand in a certain relation 
to the undertaking. For instance, if it is land it 
must have been held by the public utility owner 
otherwise than as a landlord over a long term; 
and, if goods, they must have been owned in the 
course of, or for the purpose of, carrying on a public 
utility undertaking. Contributions are to be made 
towards the expenses of making these payments 
and they are to be treated for all purposes as capital 
outgoings. The undertakings are divided into eight 
groups and the aggregates of the gross amounts 
payable in each group are as follows: railway 
group, 34,894,9561.; canal group, 509,4711.; har- 
bour group, 28,735,184/.; gas group, 12,211,142I. ; 
electricity group, 9,663,194/.; water group, 
2,006,0161.; sewage group, 2,958,864/.; and light- 
house group, 336,853. The gross amount of pay- 
ments is thus over 91,000,000/., but this will be 
reduced by the contributions and by amounts setting 
off payments already made to the net amount stated 
above. There has been considerable delay over 
this matter and it is satisfactory to learn that it is 
at last to be settled. 


Tue British HyDROMECHANICS RESEARCH 
ASSOCIATION. 


The second annual general meeting of the British 
Hydromechanics Research Association, which was 
officially incorporated as a company limited by 
guarantee in September, 1947, was held in London 
on Thursday, December 16, when Sir John Anderson 
was re-elected president of the Association, and Mr. 
G. A. Wauchope, M.I.Mech.E., A.M.I.E.E., who 
presided, was re-elected chairman of its council. 
The Association, whose objects were discussed 
editorially in ENGINEERING, vol. 164, page 469 
(1947), now has 31 member firms, covering interests 
which include pumps, water turbines, hydraulic 
presses, valves, papermaking, chemicals, and oils. 
Its main purpose may be summarised as the provi- 
sion of technical information to its members, and 
the promotion or extension of those researches in 
fluid mechanics of common concern and benefit to 
the manufacturers and users of hydraulic machinery | and 
and-equipment. Associate members include con- 
sulting firms and various university and academic 
interests. The six sectional committees formed by 





the Association are each concerned with a different 
aspect of fluid mechanics ; one deals with measure- 

ment and laboratory techniques, such as the calibra- 
tion of flow-measuring devices; and another is 
responsible for questions on centrifugal p jumps and 
turbines, such as the prediction of pa oo nl the 
effects of high viscosity. Others are concerned 
with fundamental problems in fluid mechanics, 
the control and motion of fluids in pipes and valves, 
the desigr of seals and joints, and questions arising 
from the design and use of reciprocating machinery, 
displacement pumps and motors. The Association 
has started an information service for the use of 
its members, and, in general the practical side of an 
investigation will not be undertaken until all 
available data have been examined. It is not 
intended, at present, to build a special laboratory, 
since the newly-formed Mechanical. Engineering 
Research Organisation of the Department of 
Scientific and Industrial Research, with whom close 
liaison is maintained, intends to build their own 
hydraulic machinery laboratory. Meanwhile, it is 
proposed to carry out practical work at the univer- 
sities or at technical institutions, and to make use 
of facilities offered by member firms and other 
bodies. Some of the investigations already initiated 
include studies of hydraulic friction, the comparison 
of model and full-scale testing, and the effects of 
hydraulic surges; it is thought that electrical 
analogies may help in the solution of surge problems 
and the Electrical Research Association is being 
consulted. The activities of the B.H.R.A., however, 
will depend largely upon the support received 
from industry and upon the rate of recruiting new 
members, but the D.S.I.R. have offered financial 
help under favourable terms which are designed to 
encourage increased support and larger membership. 
The Director of Research is Mr. L. E. Prosser, 
A.K.C., B.Sc., A.M.I.Mech.E., formerly of the 
National Physical Laboratory, and the head offices 
of the Association are at 79, Petty France, West- 
minster, London, 8.W.1. 


Tue Dreset Users ASSOCIATION. 


On December 16, at the annual general meeting 
of the Diesel Engine Users Association, held at 
Caxton Hall, London, 8.W.1, Mr. W. Howes was 
elected President for the second year in succession. 
Mr. Julian S. Tritton was re-elected honorary 
secretary and Mr. F. A. Greene honorary treasurer, 
while Commander (E) R. T. Sandars, R.N., and Mr. 
C. B. Spivey were elected to the committee in 
of the retiring members, Messrs. T. Hornbuckle and 
F. J. Mayor. Mr. J. Tomlinson and Mr. V. G. 
Young were re-elected honorary auditors. It is 
the custom of the Association to elect, from time 
to time, honorary members, and this year Sir Harry 
Ricardo was elected honorary member for 1948. 
After the election of the officers and committee, 
Mr. C. Green, chairman of the working costs sub- 
committee, presented the usual ‘‘ Report on Heavy- 
Oil Engine Working Costs.” Mr. Green regretted 
that there were not many members present at the 
meeting as he considered the report as one of the 
more important activities of the Association. Mr. 
Green went on to point out that, although there 
had been one or two minor alterations in the pre- 
sentation of the report, generally speaking it was 
the same as in previous years, so that comparisons 
could be made. Unfortunately, there had been a 
reduction in the number of returns; this was due 
to many factors, probably the most important of 
which were the nationalisation of industries and 
the unrest in several parts of the world. In opening 
the discussion, Mr. Hornbuckle referred to the 
report as being an authoritative statement and they 
could claim that it was a valuable contribution 
towards the improvement of efficiency. The report 
had been presented without a break for over 25 
years, but it appeared as if there were a tendency 
to neglect this, and he impressed upon members 
the importance of submitting returns. Mr. Howes, 
the President, endorsed these remarks by stating 
that the report circulated all over the world and 
~ was the duty of members, therefore, to maintain 

, if possible, increase the number of returns. 
Mr. A. K. Bruce, President of the Association for 
the year 1945, thanked Mr. Green for the work 
done over the past years and those who made 
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returns. He considered the report of great value 
and hoped there would be an increase in the number 
of contributors. 


' Tae Suez Canal. 


An extensive programme to improve the naviga- 
tion of the Suez Canal has been decided upon by 
the directors of the Suez Canal Company, on the 
advice of an international consultative commission 
of civil engineefs, ‘drawn from France, Great Britain, 
Egypt. Holland and Belgium. Apart froma general 
deepening of the Canal by 20 in. over its entire 
length, to permit the passage of tankers drawing 
35 ft. of water; now under construction, and to 
improve the steering of other large vessels, it is 
proposed (subject to the grant of a concession for 
the necessary land) to provide a by-pass canal, some 
6 miles long, about 30 miles from Port Said, to allow 
convoys of ships to pass at the approximate mid- 
length of the main Canal and thus, by reducing 
delays in waiting for the formation of convoys, to 
enable the passage of the Canal to be accomplished 
still in less than 24 hours, with a greatly increased 
volume of traffic. The construction of the by-pass 
canal will invdélve the removal of about 18 million 
cubic yards of soil and will take between two and 
three years to complete. The general deepening of 
the Canal will be spread over four to five years, and 
requires the removal of about eight million cubic 
yards of soil and 800,000 cubic yards of rock from 
below water. In addition, it is proposed to deepen 
the tanker mooring-station ia Lake Timsah, and to 
improve the layout of the harbour at Port Said by 
enlarging one of the basins to take 18 ships of 660 ft. 
length, as against the present capacity of nine 
330-f!. ships. 





LETTERS TO THE EDITOR. 
GEORGE STEPHENSON. 


To THE Eprror OF ENGINEERING. 


Sm,—An original letter by George Stephenson 
dated March 31, 1841, has been found recently in 
the archives of the Ministry of Transport and I 
feel that his observations on the regulation of 
railways by the Government are of sufficient 
historical value to warrant reproduction. It is 
particularly interesting to the Inspecting Officers 
of Railways, as presumably it refers to our pre- 
decessors, Colonel Sir Frederick Smith, Colonel 
Thomson, and Captain Melhuish. 

Your faithfully, 
A. H. L. Movnt, 
Chief Inspecting Officer of Railways. 
Ministry of Transport, 
Berkeley-square House, 
London, W.1. 
December 14, 1948. 


[We reprint below the interesting letter to which 
Sir Alan Mount refers, and we also reproduce, in 
the accompanying illustration, the last of the four 
sheets on which it was written. In the customary 
mid-Victorian fashion, George Stephenson has econo- 
mised paper by cross-writing. The Henry Labouchere 
to whom the letter is addressed was President of the 
Board of Trade from 1839 to 1841 and again from 1847 
to 1852. He was raised to the peerage in 1859 as 
Baron Taunton, and was the uncle of the more familiar 
“ Labby,” the Henry Labouchere who was well known 
as a journalist and politician in the late Victorian and 
Edwardian era.—Ep., E.] 


To the 
Right Honble H. Labouchere, 
President of the Board of Trade. 


Sm,—Since my examination before the select com- 
mittee on Railways I see the difficulties you have to 
contend with, from the opposing members to your Bill 
in bringing forward a measure for the management 
and -better regulation of Railways. I am quite sure 
that some interference on the part of Government is 
much wanted. Perhaps I ought to be the last man to 
admit this (the whole system of Railways, and Loco- 
motive Engines having been brought out by my 
exertions) but when I see so many young Engineers, 
and such a variety of notions, I am convinced that some 
system should be laid down, to prevent wild, and 
visionary .schemes, being tried, at the great danger 
of injury or loss of life to the public. I consider it 
right that every talented man should be at liberty 
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to make improvements, but that the supposed improve- 
ments should be duly considered by proper judges. 
Then the question follows, from the opponents to the 
Bill, who are those judges to be ? I beg to lay before 
you my views on this point. 

Suppose any Engineer has any improved plan for the 
better working of Railways to propose, he should 
submit his plan to the Engineer belonging to the 
Board of Trade, but before that Engineer should 
give his decision as to=the ufility of the scheme, he 
should have full power to call together the chief 
Engineers of the principal Railways of the Kingdom, 
and after the subject has been duly discussed, votes 
should be taken for and against the measure: the 
discussion should be laid before the Board of Trade, 
accompanied with the observations of the government 
Engineer, and if approved of should be then placed 
into his hands to carry out. 

I should propose for the consideration of the different 
Engineers that the speed of Locomotives should not 
exceed forty miles per hour on the most favourable 
Lines, excepting on special occasions ; curved Lines to 
diminish in velocity according to the radius. I am 
quite aware that this cannot be carried out to any 
great nicety, but still it would be a check upon the 
Drivers. Collateral Lines require government consi- 
deration is a very strong point of view. 

Uniformity of signals is another desirable point. 

As several persons are now turning their attention 
to the construction of self acting breaks, it will soon 
appear that great benefit and safety to travelling 
will be found by their adoption. In the mean time 
no train should be allowed to travel which has not two 
breaksmen and four coaches in each train should be 
provided with breaks to allow for contingencies. It is 
my opinion that no contrivance can be found out by 
which the breaks can be dispensed with. 

Six wheeled Engines and carriages are much safer 
and more comfortable to the travellers than four; 
any person riding one hundred yards upon an engine 
or coach constructed upon this plan would discover 
the difference. The rim of all Railway wheels ought 
to be made the same width, and the axle trees for all 
coaches of a strength approved of by the Engineers, 
both wheels, springs, and axles should bear the govern- 
ment stamp, to being made of the best materials, as 
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every practicable means ought to be made use of in 
order to have these made of the best iron. 

All disputes between Railway Companies should be 
decided by the Board of Trade. ; . 

It appears to me that the above suggestions might 
be carried out with success, without interfering injuri- 
ously with Raily property. I hope that you will not 
consider that I am intruding by sending you these 
observations. 

I am, Sir, 
Your Most Obt. Servant, 
Tapton House, (Sgd.) Gro. STEPHENSON. 
nr. Chesterfield. 
March 3st, 1841. 





THE METRIC SYSTEM. 
To THe Eprror OF ENGINEERING. 


Sm,—Whatever may be said against the metric 
system, your readers have had ample proof that it is 
a most stimulating theme. Dr. H. S. Rowell’s 
pathetic picture of the English mechanic waking up 
one fine morning to find that his “‘ beautiful boxwood 
2-ft. rule ” had been pinched by a wicked ideologist 
must have brought tears to the eyes of many an 
honest tradesman, as it did to mine. Fortunately, 
his agreeable little pun about gas meters relieved 
the tension, and we finished your issue of December 3 
on a fairly even keel. But then, on December 10, 
Mr. J. Halcro Johnston started another ideological 
hare, and Capt. Edgar C. Smith chimed in with a 
rollicking song. It was my delight to join in the 
chorus, and very good it was while it lasted. 

Still, emotion is no substitute for hard fact, and 
I feel that I owe it to your readers to conclude with 
the following facts, which may prevent serious mis- 
understanding. (1) The metric system, the wider 
use of which was advocated at the recent B.A. 
meeting, is not the visionary, rigidly self-consistent, 
scheme implied by some of your correspondents, but 
the practical system administered by the General 
Conference and the International Committee of 
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Weights and Measures, (2) The keynote of the 
system is world co-operation. It excludes no 
measures that have been proved to be of practical 
value and are used on a world-wide scale. It there- 
fore admits the use of halves and quarters, and the 
division of the circle into 360 deg., as well as 27 
radians with decimal subdivision. (3) The system 
has no connection with the packaging of goods. 
The British workman’s packet of ten cigarettes is 
not a sinister blow aimed at his 2-ft. rule, neither 
does the fact that kippers are marketed in pxirs 
indicate a penchant on the pert of fishmongers for 
the binary system of numbers. 

Whatever historians may say, the metric system 
of to-day is shaped in accordance with practical 
needs, not abstract ideas. ‘There is no greater need 
to-day than world co-operation and the avoidance of 
waste of effort. That is why, sooner or later, the 
metric system must come. Even Dr. Rowell 
admits that to oppose its advance “‘ would be as 
wise as Dame Partington’s trying to sweep back the 
Atlantic.” Let us then face the facts, and proceed 
step by step to make every adjustment that will 
make the ultimate transition as easy as possible. 

Yours faithfully, 
34, Broad-lane, L. HartTsnorn. 

Hampton, Middx. 

December 14, 1948. 





To THE EpiTor OF ENGINEERING. 

Smr,—In Mr. Halcro Johnston’s letter, published 
in your issue of November 5, on page 448, he speaks 
of a ‘‘ duodecimal slide rule,” either as existing or 
imagined: I am not sure which. Many years ego 
(in or about 1905), I designed what was called 
Best’s “‘ Simplified ” slide rule. Among other novel 
features, this included duodecimal sca'es, enabling 
linear dimensions in feet and inches to be multiplied, 
squared or cubed direct, as required in quantity 
surveying, without prior conversion into decimals 
mentally. The scales were divided according to the 
logarithms of the duodecima] dimensions and were 
marked accordingly and of course the usual sliding 
operation did the rest. The rule was put on the 
market by Thorrtons, of Manchester, and was 
commended by the late Professor Henry Adams, 
but it fell fat: there was no demand. The idea 
still seems to me to be a sound one and such a rule 
should have its uses for volumetric measurements in 
feet and inches, for wage calculations in shillings and 
pence multiplied by quarter hours, and for similar 
computations. 

Yours faithfully, 
Rendel, Palmer and Tritton, A. T. Brst. 
125, Victoria-street, 
London, S.W.1. 
December 14, 1948. 





Royal INSTITUTION CHRISTMAS LECTURES.—A series 
of six lectures adapted to a juvenile auditory will be 
delivered at the Royal Institution, 21, Albemarle-street, 
London, W.1, by Sir Frederick Bartlett, C.B.E., F.R.S., 
on Tuesdays, Thursdays and Saturdays, December 28 
and 30, 1948, and January 1, 4, 6 and 8, 1949, at 3 p.m. 
The subject chosen is : ‘‘ The Mind at Work and at Play : 
Experiments in Psychology,” and the six lectures will 
deal with “The Mind and the Senses as Measuring 
Instruments’; ‘“‘How the Mind Controls Bodily 
Movements”; “‘ The Mind and Observation ”; “‘ How 
the Mind Connects One Thing with Others ”’; ‘‘ How the 
Mind Remembers”; and “Training the Mind to 
Think.” The subscription for juveniles, aged from 
10 to 17, is 10s. 6d., and for adult non-members of the 
Royal Institution 11. 1s. 





COURSE IN THERMODYNAMICS.—A course of about 
eight lectures on ‘“‘ Thermodynamics for Chemical 
Engineers ” will be held in the Department of Chemistry 
of the Sir John Cass Technical Institute, Jewry-street, 
Aldgate, London, E.C.3, by Mr. N. W. Roberts, on 
Monday evenings at 6.30 p.m., beginning on January 17, 
1949. The lectures will include a consideration of 
fundamental and derived functions, first and second 
laws, thermodynamic equations, the Jacobian table of 
thermodynamic equations, the properties of fluids and 
their expression in tables and diagrams, the use of steam 
tables and of refrigerant tables, the use of thermodynamic 
diagrams, heat transfer, heat engines and refrigerating 
machines, and the separation of gases by liquefaction 
processes. The fee for the course is 15s. Application 
for an enrolment form should be made to the Principal 
prior to the opening date of the course. 


SCIENTIFIC RESEARCH IN 
AUSTRALIA. 
(Continued from page. 593.) 


THE more strictly engineering applications of 
industrial chemistry are exemplified by research 
into the deterioration of concrete by interaction 
between cement and aggregate. The trend of this 
work points to the conclusion that, when reactive 
aggregates are present, permanent immunity from 
expansion due to cement-aggregate interaction 
cannot be obtained, even by use of cements low in 
rodium and potassium. Such alkali metals have 
been shown experimentally to migrate through 
hardened mortar, while tensile strength has beer 
found to diminish with progress of cement-aggregate 
reaction. The deductions so far drawn have enabled 
advice to be offered regarding the choice of suitable 
aggregates for public works construction, but more 
research is projected into the role of the alkali 
metals in Portland cement for which a flame- 
photometric technique is being developed to analyse 
the composition of alkali-bearing cement clinkers. 
Investigations of refra:tory materials have been 
confined largely to lining refractories for cement 
k'ns and bricks for coal-gas retorts. For the 
ceramic industries, cert»in products h»ving emi- 
nently suitable properties are being obtained by an 
improved flotation method for recovering topoz 
from a Tasmanian ore deposit. Further work is 
needed, however, to obviate the adverse effects of 
the permanent hardness of the local water, which 
also influences the flotation of sheelite (which is an 
important source of tungsten) due to the presence 
of calcium and magnesium in the water. It is 
hoped, by employing zeolite, to reduce the concen- 
tration of these salts sufficiently to permit the use 
of a simple reagent circuit containing only the 
oleate and silicate of sodium. 

As final examples of industrial chemical research, 
brief reference may be made to several aspects of 
biochemistry, directed towards the loosening of 
wool from sheep skins and \the recovery of wool 
from heads, shanks and small skin pieces ; and to a 
variety of work on plastics, of which the aniline- 
formaldehyde resins figure importantly on account 
of their low water absorption and superior electric:] 
properties as comp»red with phenol-formaldehyde 
plastics. A troublesome defect of aniline-formalde- 
hyde resins—the bulky gel-like form they assume 
during processing—has been overcome either by 
adding electrolytes to flocculate the colloidal mass, 
or by heating at 140 deg. C. for short periods. 
Lignocellulose residues from the production of 
furfural from oat hulls have been used as fillers for 
phenolic plastics, and their mechanic. and physic>] 
effects on moulded products tested for comp.rison 
with commercial wood flour. More general testing 
of plastics has been directed to the water absorption 
of phenolic plastic mouldings, and the vapour 
permeability of moulded electrical fittings incor- 
porating metal inserts coated with resin prior to 
the moulding operation. 

The treatment of glass, steatite and other siliceous 
compounds in order to improve their electrical 
insulation properties under moist atmospheric con- 
ditions is included in a programme of electro- 
technology research in which attention has been 
given mainly to the influence of carbon-chain length 
on insulation resistance. Glass and steatite have 
been treated with alkyltrimethylammonium bro- 
mides and hydrochlorides of amphipathic amines, 
cleaned with chromic acid prior to treatment, 
improvement in insulation being indicated by 
increase of the contact angle in water. With some 
quaternary ammonium compounds dissolved in 
benzene, the prior cleaning can be omitted in 
practical application, and the materials may be 
incorporated in varnish for detailed examination 
and measurement. The water-repellant qualities 
of organosilicon compounds have been’ tested in 
relation to textiles, as well as to electrical insulators. 
The insulation resistance of mica exposed to near- 
saturation conditions has been increased about a 
thousandfold by treatment with methylchloro- 
silanes, which, to be most effective, require the 
removal of adsorbed ions both before and afte: 





treatment. 





This work, and related fundamental research 
into the relationship between molecular structure 
and dielectric properties, has become possible as 
the outcome of progress in the establishment of 
clectrical standards. Most types of basic electrical 
measurements can now be undertaken in Australia 
to an order of accuracy higher than anything 
normally required either by industries or research 
establishments. Recently acquired equipment 
includes a mains-operated stabilised direct-current 
supply, continuously variable from 100 to 1,600 
volts; and app ratus incorporating a Lindemann 
electrometer, for measuring resistances up to 
10'7 ohms. A dielectrometer is under construction 
for permittivity and power-fector measurements in 
the range from 100 to 300 megacycles per second. 
It consists of a co-axiel line resonator, losded by a 
flat sample of the dielectric under test, the dimen- 
sions of the sample being the same as those required 
in the National Physical Laboratory epp-ratus, and 
the power source is a lighthouse oscill:tor tuned by 
an adjustable cavity. A co-axial dielectrometer of 
the type designed by the Massachusetts Institute of 
Technology is on order for measurements over the 
frequency iange from 1,000 to 10,000 megacycles per 
second. 

A particularly interesting electrotechnological 
project is the design, now «pproaching completion, 
of a differential analyser, with about 20 integrators, 
in which electrical interconnection will be used 
between the verious units. The basic integrator is 
of the disc-ball-cylinder type with variable-retio 
gearboxes in the drive to the displecement lead- 
screw, and in the output. It is considered that the 
electrical interconnection simplifies the mechanical 
design and will reduce the setting-up time for an 
equation. Attention is also being given’ to the 
design of electronic digital computing ms»chines. 
For this purpose, the properties of existing types of 
decimal and binary counters are being critically 
compired and an attempt is being made to produce 
a decimal counter inclosed in a single evacuated 
envelope, with the idea of avoiding the large number 
of valves and other circuit components which are 
necessary in more conventional types of electronic 
decimal counters. 

The drastic reduction of war work has been 
especially noticeable, during the year under review, 
in the Metrology Division, where studies of inter- 
ferometry have now been resumed, plans made for 
line standards to be set up for precise exlibration of 
surveying tapes, and preliminary work started on 
the production of accurately divided circular scales 
by means of a 40-in. circular dividing engine. Other 
metrological activities are exemplified by tests on 
large gear-hobbing machines, apparatus for apprais- 
ing surface finish, low-pressure air gauging, and the 
measurement of thickness of surface coatings and 
the distribution of particle size in abrasive coatings. 
The suitability of various locally produced materials 
for the construction of highly stable mass stendards 
is receiving attention; meanwhile, a primary 
standard kilogram of platinum-iridium has been 
obtained from the Bureau International des Poids et 
Mesures. A special type of milk hydrometer which 
gives equally accurate results in opaque and clear 
liquids has been made to investigate apparent 
discrepancies in the weight of milk transported in 
railway tank wagons. A somewhat unusual branch 
of metrological investigation has arisen to meet a 
growing demand from, industry for assistance in the 
measurement of vibrations. Accordingly, an electro- 
magnetic vibration pick-up has been designed, in 
which relative motion between a seismically-mounted 
permanent magnet and coils induces electromotive 
forces which are transferred to a cathode-ray 
oscilloscope. Units of this type have done valuable 
work already in balancing rotary machines, and a 
miniature instrument is being developed, on the 
same principles, to have a weight less than 4 oz. 

Such an instrument will, perhaps, find applications 
in the Aeronautical Research Division, whose wide 
programme of research includes studies of the fatigue 
of turbine blading consequent upon resonant vibra- 
tion. No general mathematical method has yet 
been found for the exact computation of blade 
frequency, which must take account of aerodynamic 
and centrifugal forces upon a body of complicated 





shape. The theoretical problem is under investiga- 
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tion, and, meanwhile, practical testing has to be 
relied upon for results. This work is part of the 
large-scale studies of aircraft propulsion in which 
the major effort is directed to gas turbines for either 
jet engines or turbine-driven airscrews. Included 
among them are studies of the basic: principles of 
operation of high-intensity combustors, for which 
experimental plant is‘on order to provide a large air 
supply. A 2,000-h.p. compressor, with 10:1 
compression ratio, is proposed for this purpose, the 
intention being to use it also for operating a super- 
sonic wind tunnel. Until this compressor is 
acquired, combustion research is being carried out 
at atmospheric pressure in an experimental chamber 
which admits of separate control of air admitted to 
different zones, and in which provision is made for 
altering the turbulence-producing devices, measuring 
flame temperatures up to 2,000 deg. C., and observing 
the effects of chemical processes, flame characteristics 
and the distribution of pressures and temperatures. 
For these purposes, turbulence-measuring apparatus 
is being developed to operate at high speeds and 
indicate very great velocity fluctuations, while a 
temporary jet-engine test stand has been con- 
structed on which some tests of Rolls-Royce 
Welland and Derwent engines have been carried 
out for the Australian Air Force. On the construc- 
tional side, experiments are in progress to produce 
accurately shaped blades by the “‘ lost wax ”’ casting 
process. Extremely refractory moulds are being 
sought to withstand the temperature needed for 
chromium-beryllium alloys. 

A considerable volume of mechanical engineering 
research on aircraft engines includes a study of the 
lubricating conditions between the pisten rings and 
cylinder walls of a full-sized engine. It has revealed 
that lubrication is adversely affected by low engine 
speed, especially at starting ; high-cylinder pressures 
associated with full throttle ; high temperatures of 
cylinders ; excessive spark advance; and low oil 
circulation. As a rule, the ring and cylinder-wall 
rubbing surfaces are separated by a complete oil 
film only near the centre of the stroke, while detona- 
tion causes prolonged breakdown of the oil film. 
Further tests now in progress are concerned with the 
influences of differing shapes of piston-ring cross- 
section, and the relative merits of various lubricating 
oils, differing in origin and viscosity, and modified 
by additives such as detergents, anti-oxidants and 
** oiliness additives.” Experiments in which speeds 
as high as 5,500 r.p.m. were reached with a 20-h.p. 
500-c.c. single-cylinder rotary-valve engine, have 
contributed valuable data for the design of a larger 
twin-cylinder rotary-valve engine, intended for use 
as an auxiliary power-plant for aircraft. Improved 
efficiency, in the light of aerodynamic knowledge, 
of the cooling systems of automobile power-plants 
is being sought by tests on the heat dissipation, 
cooling-air flow and hydraulic resistance of radiators 
differing in core material and dimensions. Related 
to this work, though intended mainly for application 
to aireraft, is an investigation of the factors govern- 
ing the performance of air cleaners fitted to exclude 
dust from engine cylinders. The geometry of the 
filter is being studied in relation to the pressure-drop 
across it. This pressure-drop and the filtering effi- 
ciency are also influenced by the amount of dust 
trapped; whence it is important to be able to 
estimate the dust quantities that may be aspirated 
under different operational conditions. Appropriate 
measurements have accordingly been carried out in 
a Beaufighter in flight during clear and hazy weather, 
as well as in a moderate dust storm, revealing that 
the highest dust concentration, even in clear weather, 
exists at about 1,000 ft. altitude. Particle size 
decreases with increasing height, and severe dust 
coneentrations persist up to high altitudes during 
dust storms. 

ition of the importance of aerodynamic 
design in the realisation of high subsonic and super- 
sonic speeds of flight has,led to the provision in 
Australia of a variable-density wind tunnel in which 
very low turbulence in the working section is 
achieved by fine gauze screens, mounted upstream 
of a contracting nozzle. Research is proceeding on 
the development of an air drier to prevent condensa- 
tion, of moisture in the working section, and of an 
interferometer to render visible the pressure varia- 
tions in the airflow. The Griffith wing, in which 








drag is reduced by boundary-layer suction, is to be 
tested in flight by means of a towed glider, intended 
to avoid, for a start, the complications of engine and 
propeller. The glider will be fitted with a suction 
wing 30 per cent. thick, the boundary layer being 
removed by a motor-driven blower mounted in the 
fuselage. The blower, of the single-stage centrifugal 
type used for supercharging aero engines, has been 
fabricated of welded steel and aluminium alloy, and 
otherwise adapted to produce a very high-pressure 
difference within stringent limitations of size and 
weight. Since, for the same reasons, the blower 
cannot be duplicated, safety in the event of failure 
of wing suction has been assured by determining the 
aerodynamic characteristics of the glider wing 
without suction. Wind-tunnel experiments on sec- 
tions of the full-sized wing are also being made to 
explore the effects of modifications to its theoretic- 
ally correct shape in the neighbourhood of the suction 
slot, so that the power absorbed by the suction plant 
may be held within an acceptable value. 

Contrasting with a somewhat academic study of 
the characteristics of turbulence in wind tunnels, 
for which a 2-ft. diameter turbulence tunnel is used, 
is an ambitious programme of research into high- 
speed flight by means of radio-controlled flying 
models. Such models, in addition to their value 
for aeronautical investigations under conditions 
that are too dangerous for piloted aircraft, offer 
scope for meteorological studies of the interior of 
clouds and structural research into problems of 
stability and aero-elasticity. For work of this sort, 
a small 5-ft. sp2n all-wing glider has been designed, 
by wind-tunnel and free-flight experiments, to be 
adequately stable, and then reproduced to a larger 
scale, powered with a petrol engine, and equipped 
for launching by a rocket-driven catapult. The 
engine, a 3-h.p. two-cylinder two-stroke reciprocat- 
ing machine weighing about 7 lb., has been preferred 
to a pulse-jet engine, of the type used in the German 
flying bomb, after tests of the latter had indicated 
that its high fuel consumption and mechanical 
unreliability would militate against its success. 
The power-driven model, of 12 ft. span, is large 
enough to carry radio control gear. 

Among a variety of miscellaneous aerodynamic 
work carried out for industry, mention may be made 
of the design of an orchard sprayer, constructed at 
the request of a fruit-growers’ association, in which 
the spraying fluid is injected into a high-speed air 
blast which carries the droplets to a height of 20 ft. 
and distributes them in a cloud over a large area, 
affording excellent coverage. Another industrial 
application of fan-design data concerns large low- 
speed fans, mounted on towers and rotating in a 
horizontal plane, which have been manufactured for 
frost control. During frost in still air, a tempera- 
ture inversion causes an immense reservoir of rela- 
tively warm air to lie above the cold air adjacent to 
the ground. The frost fan draws down such warm 
air and spreads it over the ground, displacing the 
cold air and so protecting trees and fruit from frost 
damage. Preliminary tests suggest that each 10-h.p. 
fan installed in this way will protect three acres. 

Complementary to all this aerodynamical research 
work, a substantial programme of structural metal- 
lurgical and mechanical engineering studies is in 
active progress, primarily for aeronautical develop- 
ments. As regards structural designs of the stressed- 
skin type, the two major problems under investiga- 
tion are the determination of loads to cause buckling, 
and the load-carrying capacity after buckling ; and 
the optimum distributiou of material between 
stiffeners and skin. Along these general lines, 
analysis is proceeding of metal, plywood, and sand- 
wich constructions, while an experimental investiga- 
tion of curved plywood panels has yielded empirical 
data of great value. Little progress has been 
achieved, however, in developing a satisfactory 
theory for predicting the characteristics of large 
post-buckling deflections of stressed-skin panels. 
Barely more successful as yet, apparently, has been 
the analytical approach to the design of sandwich 
structures of minimum weight, in which particular 
attention has been given to stiffened cylinders, 
representative of aeroplane fuselage construction, 
having varied stiffener spacing and skin thickness. 
The general aim of this work is to arrive at the 
structure of the smallest weight to carry a specified 





system of loads under specified external dimensions 
and materials. It includes studies of the strength 
and stability of stiffeners, such as channel and 
Z sections ; and of the compression performance of 
grid panels for light-weight aircraft flooring, consist- 
ing of two asbestos-cement sheets separated by a 
light wooden grid, to which the sheets are glued by 
synthetic-resin adhesive. This panel has the advan- 
tages of being able to carry all structural loads 
without additional framing, of utilising small sizes 
of wood, and of providing useful heat. insulation. 
It can be used for walls, roofs and floors of buildings, 
and is being manufactured for Government housing 
schemes in the State of Victoria. 

Another series of aircraft structural investigations 
aims at determining the effects of heat on the 
strength of wooden aeroplanes, the external surfaces 
of which may attain temperatures as high as 100 deg. 
C. under exposure to tropical sunshine. The 
latter, simulated by radiation from infra-red lamps, 
has been used for testing wooden tailplanes, showing 
strength reductions up to 50 per cent. In a related 
field of research, various types of experiments and 
analyses are in progress to assess the safe life of 
aircraft structures, with special reference to the 
fatiguing effects of service stresses. Empirical 
data on the nature and magnitudes of the fluctuating 
loads suffered by aircraft during normal flights 
over civil air routes are so meagre that vigorous 
operational research into the subject has been started 
in which the Australian establishments for scientific 
research, civil aircraft and meteorology are colla- 
borating with the Australian Air Force. Experi- 
mental results are already forthcoming from trials 
of machines fitted with velocity-load recorders, 
while the laborious graphical analysis of stress 
records is largely avoided by means of a stress-level 
counter which counts the number of times that given 
stresses, Over a range of six adjustable steps, are 
reached in the main wing span of an aeroplane 
during a flight. The distribution of accelerations 
sustained during flight by various structural com- 
ponents is recorded by accelerometers embodying 
electric resistance strain gauges. Similar techniques 
are being used to study the influence of gusts on the 
structural elements of aircraft in flight, and also 
to measure the effects of laboratory endurance 
tests in which fluctuating loads are applied under 
controlled conditions by means of hydraulic appa- 
ratus. Results from such work indicate that the 
static strength of the wooden wings of Mosquito 
aircraft are not appreciably affected by up to 5,000 
repetitions of loads fluctuating between 25 and 
90 per cent. of the ultimate. Similar tests, including 
much larger numbers of repetitions over smaller 
load ranges, are now planned for metal wings by 
means of a resonance fatiguing technique. 

Much of the value and success of Australian 
research in aeronautics derives from an extensive 
range of background work in mechanical engineering, 
in which studies of the properties of aircraft materials 
figure prominently. To disseminate such knowledge 
and encourage its wider application m Australia, 
& symposium on the fatigue of metals*was organised 
during the year by the University of Melbourne, 
two thirds of the papers being of Australian 
authorship. Analytical work on fatigue has led 
to a method being devised for deriving S-N 
curves for any load-range ratio, provided only that 
the simple Wohler curve is known. In practical 
fatigue testing, particular attention is now being 
directed to the influence on fatigue characteristics 
of the methods of preparing the specimens. Investi- 
gation has led to the conclusion that it is practically 
impossible, by purely mechanical operations, to 
produce a surface reasonably free from distortion. 
Wet polishing, by hand, with very fine abrasive 
of closely controlled particle size, has been shown to 
produce distortion to a depth of about 0-0002 in. 
(5 4), the actual surface and sublayer to a depth 
of Iu or 2 being somewhat softer, as indicated by 
a micro-hardness tester, than the underlying layers 
which, due to cold work, are themselves harder 
than the basic material of the specimen. Moreover, 
taper sectioning followed. by microscopical examina- 
tion, suggests that surface roughness is considerably 
greater than the indications given by stylus surface 

ing instruments. 
(To be continued.) 
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THE NUFFIELD “UNIVERSAL” FARM TRACTOR. 
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MEDIUM-DUTY AGRICULTURAL 
TRACTOR. 


Tue Nuffield Organisation announced recently the 
introduction of a new range of farm tractors, known 
as the Nuffield Universal. The range at present includes 
two models, namely, the M3 and the M4, which, as the 
type designations infer, are three- and four-wheel 
machines, respectively. The M4 tractor is illustrated 
on this page, but apart from the wheel arrangement 
the two models are identical. Design of the tractors 
was commenced in September, 1945, and in less than 
nine months the first prototypes were operating. 
Since then they have been undergoing tests under 
varying climatic and soil conditions. Their introduc- 
tion is opportune, as they fill a gap in the range of farm 
tractors manufactured in this country; this applies 
particularly to the three-wheel machine, a type which 
hitherto has been largely imported. 

The tractors are fitted with the Morris-Commercial 
type ETA engine, which has been developed for this 
purpose. This engine is a four-cylinder side-valve 
unit having a bore and stroke of 100 mm. and 120 mm., 
respectively, and developing 35 h.p. at 1,400 r.p.m., 
and 42 h.p. at 2,000 r.p.m. The cylinder block 
and crankcase form a single casting and the bores are 
fitted with dry-type austenitic liners while the exhaust 
valves are arranged to work on Stellited renewable 
valve seats. The engine has been designed to operate 
on vaporising oil, vaporisation of the fuel being ensured 
by a hot spot arranged to give two predetermined 
settings for preheating the fuel, selection of the settings 
being controlled manually from the driving position. 
An auxiliary carburettor is incorporated within the 
main carburettor for starting on petrol, the conven- 
tional choke being replaced by a control knob which 
admits petrol to the carburettor when required. 
Independent filters are fitted for the vaporising: oil 
and petrol while the vaporising-oil tank is provided 
with a supplementary filter together with a sediment 
trap and associated drain plug. The engine is water 
cooled, circulation of the water being assisted by an 
impeller-type pump, the rotor of which is arranged so 
that it is independent of the fan hub. The radiator 
block is of four-row gilled-tube construction and is 
provided with adjustable louvres which are controlled 
from the driving position. A pointer-type temperature 
indicator is fitted to the top of the bonnet; this is 
clearly visible from the driver’s seat and is arranged 
to indicate the temperatures for efficient operation with 
vaporising fuel. The radiator shutters are protected 
by a pressed-steel cowl which is designed to accommo- 
date detachable chaff screens. The speed of the engine 
is controlled by a governor over the whole of its working 
range, hunting being eliminated by the incorporation 
of a hydraulic damper within the governor mechanism. 

The drive from the engine is transmitted to the gear- 
box through a single dry-plate clutch, the diameter of 
the plate being 11 in. The gearbox provides five 
forward speeds and a reverse, the speed of the tractor 
in the various ratios when the engine is running at 
2,000 r.p.m., being: 2-26 miles an hour in first gear ; 
3-60 miles an hour in second; 5-05 miles an hour in 
third; 7-45 miles an hour in fourth; and 17-3 miles 
an hour in top gear. The output shaft of the gearbox 











is arranged to drive spiral-bevel gearing incorporating 
a differential, the drive being transferred to the rear 
axle through heavy-duty spur gears. In common 
with most other tractors of this type, the tractor 
is of frameless construction, the transmission casings 
forming the rear part of the frame. The engine, 
however, does not form part of the frame but is sup- 
ported by a fabricated extension piece bolted to 
the transmission casing. The steering gear is of the 
screw and nut type. On the four-wheel model, the 
draglink is connected to an auxiliary steering lever 
located on the axle beam, the auxiliary lever being 
connected to the front wheels by individual track 
rods. The track-rod joints consist of renewable 
bushes and hardened steel pins, and each joint assembly 
is protected against the ingress of dirt by felt washers. 
The king-pins work within renewable bushes and the 
front-wheel hubs are supported by taper-roller bearings. 
On the three-wheel model, the steering fork, which is 
of high-tensile cast-steel construction, is mounted 
vertically in taper-roller bearings. The _ steerin 

linkage is similar to that used on the four-wheel mode 
but there are, of course, no track rods. The tractor is 
braked through the differential shaft, which is provided 
with internal-expanding brakes of the two leading-shoe 
type. The brakes are operated by two independent 
pedals situated on the right-hand side of the tractor. 
The pedals can be locked together for normal road work 
or used separately during close manceuvring, thereby 
assisting the steering. 

A belt pulley is fitted to the near side of the tractor. 
The pulley is driven by the engine through spiral-bevel 
gearing and is brought into operation by engagement 
of a dog clutch, the clutch lever being adjacent the 
pulley and within reach of the driver. The pulley hasa 
diameter of 10} in. and gives a belt speed of 3,100 ft. 
per minute at 1,500 r.p.m. of the engine, the direction 
of rotation being counter-clockwise. A further power 
take-off is provided at the rear of the tractor; the 
drive is taken from the rear of the gearbox layshaft and, 
like the pulley, it is brought into operation by the 
engagement of. a dog clutch. The height of the shaft 
from the ground is 29} in. and at an engine speed of 
1,400 r.p.m., the corresponding shaft speed is 530 r.p.m. 
The tractor can be fitted with a hydraulic-lift assembly 
for use with tractor-mounted implements. The 
hydraulic pump is driven by the power take-off shaft 
but it can be disengaged and still leave the latter in use. 
The lift at the end of the draught links is 1,500 lb., the 
rate of lift being 14 seconds at an engine speed of 
1,400 r.p.m., while the rate of drop is 1} seconds. 
The rate of descent is controlled automatically, regard- 
less of the weight of the implement, but adjustment is 
provided to give different rates of descent if required. 
The vertical lift at the end of the draught links is 
approximately 21 in. Provision is made for two addi- 
tional hydraulic power tappings controlled by indepen- 
dent levers. The hydraulic lift, therefore, can be used 
in conjunction with a hydraulically-operated front- 
mounted implement ; alternatively, two independent 
cylinders can be incorporated in the hydraulic circuit. 

The linkage for the hydraulic lift is of the conven- 
tional three-link type and has been designed for use 
with many existing tractor-mounted implements. 
The top link and off-side rod are adjustable for length 





so as to facilitate the setting of tractor-mounted 
ploughs ; furthermoré, each lift rod can be adjusted to 
any one of four different lengths to suit different 
pieces of equipment. 
transversely in order to provide for tools controlled by 
land wheels, but lateral stabilisers are provided for 


The linkage is free to oscillate 


use with implements of which the lateral. movement 
must be restrained. A swinging-type drawbar is 
fitted to all models; this is constructed from high- 
tensile steel and is cranked so that it can be inverted 
and thereby provide varying heights of the hitch point, 

Although both three-. and four-wheel sills 
available, the tractors have been designed so that it is a 
simple matter to. convert one to the other and, if 
necessary, this operation can be carried out on the 
farm. The weight varies according to the number of 
wheels fitted, the three-wheel model weighing 4,800 Ib., 
while the four-wheel model weighs 4,900 lb., both 
figures including the weight of the belt pulley, hydraulic 
power unit and the fuel. The track of,the rear wheels 
can be adjusted on both models from 53 in. to 88 in., 
while on the four-wheel model, the front track can be 
adjusted by increments of 1 in. from 48 in. to 76 in. 
The rear wheels are fitted with 11 in. by 36 in. tyres 
and the front wheels on the four-wheel model with 
6-00 by 19 in. tyres, the single front wheel, in turn, 
being fitted with a 9-00 in. by 10 in. tyre. As an 
alternative, the rear wheels can be fitted with 9-00 by 
36 in. tyres. The dimensions vary with the wheel 
arrangement, the overall length of the four-wheel 
model being 123 in. while that for the three-wheel 
model is 126 in. The width over the axle shafts is 
the same for both models, namely, 83 in., while the 
minimum ground clearance, which occurs under the 
final drive, is 18 in. The tractor can perform all the 
usual duties on the farm; for example, the hydraulic 
lift is capable of lifting a fully-laden three-row potato 
planter, while the drawbar-pull is sufficient to haul a 
four-furrow plough on medium soil. 





CABLE TUNNEL UNDER THE 
THAMES. 


WueEn the Battersea generating station of what was 
then the London Power Company was being con- 
structed, about 15 years ago, a 10-ft. tunnel was driven 
under the Thames to carry the cables connecting the 
station with Grosvenor-road on the north side of the 
river. This tunnel is now filled to capacity ; and it has 
been necessary, therefore, to drive a second tunnel 
between the station and the Chelsea Embankment. The 
actual run of this tunnel, work on which was begun in 
September, 1947, and should be completed in January, 
1949, is from the switch-house of the “B” station, 
under the coal store and coaling jetty and below the river 
to a point in Chelsea Bridge-road, near Ebury Bridge- 
road. There is also a branch tunnel to Chelsea Embank- 
ment. The tunnel could not be driven directly between 
its extreme points, as this would have involved a dia- 
gonal crossing of the river and would also have brought 
it directly under one of the piers of the Victoria Railway 
Bridge. It was therefore arranged so that it approaches 
mid-stream on a curve and passes through the centre 
span of the bridge midway between the piers. It is 
then laid on another curve to the north bank. 

The tunnel, which, when completed, will be 2,500 ft. 
long, is 8 ft. in internal diameter and is lined with 
cast-iron segments. It is 76 ft. below the ground at 
the south bank, near the power station, and has a 
minimum clearance of 16 ft. below the river bed, 
4 ft. of which is in London clay. Work has proceeded 
continuously in eight-hour shifts and excavation has 
advanced at an average rate of 60 ft. of tunnel per week. 
A Greathead shield has been used for this purpose 
and an average labour force of 25 men has been 
employed. At one point below the river, where a pocket 
of sand had to be traversed, the air pressure in the 
shield had to be increased from 10 Ib. to 28 lb. per square 
inch to prevent penetration of water. The completion 
of the tunnel will have involved the excavation of 
6,500 cubic yards of soil and it will contain 1,900 tons of 
cast-iron lining. It was designed, and its construction 
supervised, by the engineering staff of the former 
London Power Company and since vesting day, April 1, 
1948, by that of the London Division of the British 
Electricity Authority. The contractors are Messrs. 
Paterson and Dickinson, Limited, Westmoreland-road, 
London, N.W.9. 





ALTERATIONS AT GREENWICH POWER STATION.—When 
the Greenwich power station of the Londen County 
Council was opened nearly 50 years ago to supply the 
tramway system the generating frequency was 25 cycles 
per second. In order to increase the output and to 


ensure standardisation, work was begun before the war to 
re-equip the station with seven 20-MW sets supplyirg 
current at a frequency of 50 cycles per second. . Three of 
these new sets are now in operation and a fourth should 
be ready for service, by the summer of 1949. 
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ANNUALS AND REFERENCE BOOKS. 


Power Transmission Trade Names Index, 1948-50.— 
This biennial classified index and directory, now in its 
seventh edition, serves as an introductory medium be- 
tween the engineer, power yser or trader, and the makers 
and suppliers of mechanical power-transmission equip- 
ment. The book is divided into four alphabetically- 
arranged sections, three of these enabling the names, ad- 
dresses, telephone numbers and telegraphic addresses of 
firms to be found directly or traced from their trade 
names or brands or from a list of products. The fourth 
section is an innovation designed to indicate the 
nearest sources of supply by grouping the firms and 
their products under geographical headings. The book 
is published by Trade and Technical Press, Limited, 
65-66, Chancery-lane, W.C.2, at 6s. net. 


Power Laundry Directory and Year Book, 1948.—The 
introduction of yet another year-book is justified by 
the number of persons engaged in the laundering and 
dry-cleaning trades or associated with them as engineers, 
buyers and overseas traders. Half of the 300 pages 
are devoted to business ahd technical matters, rang- 
ing from a legal guide to lists of committees and 
from descriptions of trade terms and processes to 
isometric lay-out plans of three laundries and a dry- 
cleaning establishment. Distinctively tinted pages 
divide the remainder of thé book into four sections 
constituting the directory, which contains the names 
of the firms, and in many cases their overseas age ts, 
with their addresses, telephone numbers and tele- 
graphic addresses. In addition, any firm can be 
identified from their particular product listed in a 
buyers’ guide or from their proprietary name, while the 
section specifying sizes and constructional details of 
British laundry machines should prove useful. The 
book is produced by the Trader Publishing Company, 
Limited, Dorset House, Stamford-street, London, 
8.E.1, the price being 15s. net. (15s. 6d. including 
postage inland) and 17s. 6d. overseas. 


British Catalogue of ‘Plastics, 1948.—The advances 
made in the general-utility aemtine of plastics, 
which are not always so widely appreciated as their 
uses for such as radio cabinets, are well 
illustrated in the new edition of this comprehensive 
reference book published by Messrs. George Newnes, 
Limited, and C. Arthur Pearson, Limited, of Tower 
House, Southampton-street, London, W.C.2. The 
book is edited by Mr. Paul Reilly and Mr. E. Molloy, 
and has been largely rewritten, especially in relation to 
new developments in low-pressure and contact resins, 
polyamide and polyester fibres, and polytetrafluoro- 
ethylene. Other sections of interest to engineers 
include those on moulding methods and machines, 
silicone insulation, plastics in engineering, mould 
design and construction, the welding of plastics, 
methods of jointing moulded and fabricated plastics, 
and equipment for the control of moulding tempera- 
tures, pressure, and timing. The list of contributors 
of specialised sections is much too long to quote, and 
the selection of particular items might appear invidious, 
but the list of more than 40 names includes many well- 
known experts on the subject and, taken together, their 
contributions represent a thorough and comprehensive 
survey. The price of the Catalogue is 60s. net. 





GOVERNMENT ELECTRICAL SPECIFICATIONS.—The Com- 
mittee on the Standardisation of Electrical Cables and 
Wires for Government Services, ‘‘ Walsingham,’”’ Manor 
Park, Chislehurst, Kent, have issued a revised edition of 
Government Department Electrical Specification 22 1948 
for equipment wires. Copies of this specification can be 
obtained from H.M. Stationery Office, the price being 3d. 





THE SocrETy OF MODEL AND EXPERIMENTAL EN- 
GINEERS.—The 50th annual general meeting of the 
Society of Model and Experimental Engineers was held 
in Caxton Hall, Westminster, S.W.1, on Saturday, 
December 18, under the chairmanship of Mr. J. Latta. 
The report and accounts for the year ended October 31, 
1948, having been presented and adopted, the meeting 
discussed a motion to amend certain of the rules, these 
amendments including increases in the subscriptions of 
both town and country members. After some discussion, 
the motion was carried. The meeting accepted with 
regret the resignation of the honorary treasurer, Mr. 
A. J. R. Lamb, who had held that office for 32 years, and 
of the honorary secretary, Mr. E. L. Ashton. Mr. D. H. 
Harris was appointed treasurer, and Mr. A. B. Storrar, 
of 67, Station-road, West Wickham, Kent, as secretary. 
Other officers and members of Council elected at the 
meeting were as follows: as chairmen of the Workshop 
Committee, Mr. R. W. Gorrod, of the Track Committee, 
Mr. W. H. Hart, and of the Stationary Engine Committee, 
Mr. G. W. Wildy ; as members of Council for three years 
Mr. J. Latta. Mr. E. L. Ashton, and Mr. J. J. Davies:a'd 
for one year, Mr. L. L. Whitburn and Mr. A. L. Hutton 





LABOUR NOTES. 


Coat production in Great Britain during the week 
ending December 11 rose to 4,405,500 tons, the highest 
total weekly production since that for the week ending 
July 27, 1940, when it was 4,483,800 tons. The provi- 
sional figures issued by the Ministry of Fuel and Power 
state that the total for the week ending December 11 
comprised 4,213,300 tons of deep-mined coal and 
192,200 tons of opencast, and that the figure for 
deep-mined coal was the best since that for the week 
ending December 19, 1942, when 4,234,400 tons were 
produced. The total for December 11, deep- 
mined and opencast coal combined, exceeded that for 
the p ing week by 65,500 tons. The total output 
for the first 49 weeks of this year was 197,402,000 tons, 
compared with 186,450,800 for the corresponding 
period last year, while the output of deep-mined coal 
alone was 186,118,900 tons to date this year, com 
with 176,761,300 for the same period in 1947. Unfor- 
tunately, however, there seems no likelihood of this 
year’s target figure of 200 million tons of deep-mined 
coal being reached. To achieve that objective, the 
cumulative output of deep-mined coal should have 
reached 189,505,800 tons on December 11, but pro- 
duction was then 3,386,900 tons behindhand. 





The production figures for opencast coal are more 
encouraging. The 1948 target of 11,000,000 tons had 
already been exceeded by 283,100 tons at December 11, 
leaving three weeks still to go. The total of export 
and bunker coal up to Saturday, December 4,. was 
14,904,000 tons, compared with 4,913,000 tons for the 
same period last year, a rise of 9,991,000 tons. In com- 
paring coal production for this year with that for 1947, 
it should be noted that the number of miners has in- 
creased by some 7,300 during the period. Total 
absenteeism, voluntary and involuntary, for the week 
ending December 4, was 13-39 per cent. for miners at 
the coal face, and 11-24 per cent. for all employees, 
compared with the previous week’s figures of 14-07 per 
cent. for coal-face miners and 11-74 per cent. overall, 
representing falls of 0-68 per cent. and 0-50 per cent., 
respectively. The figures for both weeks, however, 
exceeded those for the week ending December 6, 1947, 
when total absenteeism was only 12-65 per cent. for 
miners at the face and 10-43 per cent. overall. During 
the week ending December 4 last, voluntary absen- 
teeism, alone, was 6-52 per cent. among miners at 
the coal face, compared with 5-15 per cent. for all 
miners. Output per manshift at the coal face for the 
week ending December 4 was 3-0 tons, compared with 
2-99 tons for the previous week, and 2-92 tons for 
the corresponding week last year. 





According to an announcement made in Doncaster 
last week, an immediate application is to be put 
forward by the Colliery Winders’ Federation of Great 
Britain to the National Coal Board for improved condi- 
tions and increases in wages on behalf of winding 
enginemen employed in the mining industry. 





Following discussions in London between the Na- 
tional Coal Board and the National Union of Mine- 
workers, the Board decided last week to reject a claim by 
the miners for two weeks’ holiday with pay each year, 
in addition to the six days’ pay in respect of statutory 
holidays. At present they receive annually one week’s 
holiday with pay, which they were granted during the 
war, and six days’ pay for statutory holidays, as the 
result of a concession gained last year. The union’s 
executive committee prepared a “ miners’ charter” 
in January, 1946, for submission to the Board, which 
contained a number of demands, including one for an 
annual holiday of two weeks with pay. The Board 
did not commit itself to acceptance of the demands, 
but the two bodies, as the result of joint consultations, 
agreed on a series of approximate dates when each 
claim would be presented for negotiation. It is under- 
stood that the demand for a fortnight’s paid holiday 
is the first claim under the charter to be turned down. 
Its rejection seems to show that the Board is of the 
opinion that further concessions of so costly a character 
as this one must. wait until the goal of increased pro- 
duction and fulfilment of the five-day week agreement, 
has been reached. 





Among other claims which the union may be expected 
to present during the next few months are demands for 
supplementary pensions at the age of 55 for. miners 
unable to continue in their employment, for a revised 
cost-of-living bonus, and for a complete re-organisation 
of the whole wages structure in the industry. . All are 
likely to prove costly. The old sliding-scale bonus, 
based on the cost-of-living. index, is now obsolete, 
owing to the concessions which the Board has made 
since the mines were taken over, and in the case of the 
wages structure, there are many indications that it is 











the union’s intention to press for full revision as soon 
as a suitable opportunity arises. The anomalies which 
exist in the industry’s present wage system are recog- 
nised in many quarters, just as it is realised that the 
only revision which stands any chance of acceptance 
by the miners must be one which will involve con- 
siderable increases in the minimum rates at present 
ee to those in the lowest grades. It is understood 
hat the question of non-union labour in the mines 
has also been the subject of discussion between ‘the 
Board and the union. The syggestion has been made 
at different times that union subscriptions should be 
deducted compulsorily from each individual’s wages, 





A statement issued on December 10 announced that 
the industrial court had rejected a claim by the em- 
ployees’ side of the National Railway Electrical Council 


pared | that railway electrical staff should be granted annually 


two consecutive weeks’ paid holiday of twelve working 
days, plus a further six days with pay in respect of 
bank holidays. The court considered that the pay and 
working conditions of the electrical staffs abou tectain 
related to those of other grades of railway employees. 





The National Coal Board, through its divisional 
board in Scotland, has confirmed the wider powers and 
responsibilities, which have been piss scl passing 
to them during the past few months, of the five area 
general managers in the Scottish coal areas of Central 
West, Central East, Fife and Clackmannan, Mid and 
East Lothian, and Ayr and Dumfries. The present 
managers have occupied their appointments for some 
time and they will now possess the full authority of 
the Board for all aspects of area management. By its 
delegation of additional functions to these officials, 
the Board has given its official approval to the policy 
of increased freedom of action for its senior production 
executives. Commenting on the changes, Mr. Abe 
Moffat, President of the Scottish area of the National 
Union of Mineworkers, stated that it did not appear 
that any fundamental alteration had been made. 


Mr. Harold Wilson, President of the Board of Trade, 
announced last week, in a written reply to a Parlia- 
mentary question, that it was recognised by the 
Government that they should be in possession of a 
complete survey of the chemical industry, showing its 
long-term plans, its probable lines of development 
and the steps considered necessary to give effect to 
these plans. In view of the complicated and diversified 
nature of the industry, however, it was felt that the 
technique applied to other industries, such as inquiries 
by working parties, were clearly not appropriate. It 
had accordingly been decided that the first step should 
be to ask the Association of British Chemical Manufac- 
turers to prepare such a report, and this they had readily 
agreed to do. They hoped to produce the report by 
the middle of next year. The Trades Union Congress 
had been consulted and had expressed their agree- 
ment with that line of approach. 





A statement was made at the annual meeting of 
the North-West regional branch of the Engineering 
Industries Association, at Manchester last week, to the 
effect that the Treasury had given its consent to the 
recent wage increase of 5s. weekly to engineering 
employees being taken into account in the fixing of 
costs in the industry. Captain C. A. Kershaw, director- 
general of the Association, said that the increase had 
been awarded as the result of a decision by a Govern- 
ment-sponsored tribunal. His Association had, there- 
fore, made representations, which had been successful, 
that the clause in the White Paper on “ Personal 
Incomes, Costs and Prices” which stabilised Govern- 
ment contract prices, regardless of wage increases, 
should be waived. 





The British Transport Commission announced, on 
December 16, that it had been decided to establish a 
new consultative body for the a industry, 
to be known as the “ British Transport Joint Consulta- 
tive Council.”” The Commission states that, at its 
inauguration, the new Council will consist of the 
members of the Commission, appropriate member 
representatives from the industry’s five Executives, 
and representatives of the following unions, namely, the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen, the Railway 
Clerks’ Association, the Transport and General Workers’ 
Union, and the Confederation of Shipbuilding and 
Engineering Unions. The object of the Council will 
be “to provide, by regular meetings, opportunity for 
the exchange of information and views upon matters 
of. common interest in relation to inland transport 
and the activities of the Commission and’ its Execu- 
tives.” Questions of wages, conditions and other 
matters coming within the scope of established negotiat- 








ing machinery, will be outside the Council’s purview. 
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DIESEL ENGINES FOR ROAD 
TRANSPORT.* 


By Sm Harry R. Ricarpo, F.R.S. 
(Concluded from page 599.) 


Tue problem of cold starting is one which is suffi- 
ciently important to merit some special mention. By 
reason of the high convection losses, the swirl-chamber 
engine is a poor starter from cold, but this is not the 
whole story. In order to make best use of the air, it is 
essential that the fuel injection should be downstream, 
in order not to drive the products of combustion 
back into the fuel spray. Our earlier experiments 
had proved that with the fuel spray directed upstream, 
we got excellent cold starting, but the smoke limit 
was reached at quite a low power output. We there- 
fore sought to develop an injector which would deliver 
the bulk of the fuel upstream under starting conditions 
and downstream at all normal running speeds. With 
the active help of Messrs. C.A.V., we have succeeded 
in developing a modified form of pintle injector but 
with the side hole drilled at an angle and pointing up- 
stream, as shown in Figs. 7 to 10. When the needle 
valve first starts to lift the side hole is open, but the 
main jet is still partly closed by the pintle, with the 
result that the bulk of the fuel is ainenek through 
the former, thus giving, in effect, a pilot injection. At 
starting s 8, viz., below 120 r.p.m., the needle valve 
does not lift fully, and by far the bulk of the fuel is 
delivered through the side hole in an upstream direction, 
but at all normal running speeds the needle lifts fully 
and only a very small proportion is delivered through 
the side. The graph, Fig. 11, shows the proportions 
delivered through the main and auxiliary jets at 
different pump and engine speeds, and Figs. 12 and 13 
are reproductions of stroboscopic photographs of this 
special nozzle under running and starting conditions 
respectively. The effect of this is to improve enor- 
mously the cold starting, for the engine can be started 
from cold at the same turning speed at an ambient 
temperature of from 20 deg. to 25 deg. C. lower than 
with the normal pintle injector. At the same time, the 
small upstream injection serves, at low running speeds, 
both to reduce the delay period and to increase slightly 
the mean effective pressure. 

Throughout the whole development of the internal- 
combustion engine the piston has always been the 
Achilles heel of the whole assembly, and with the 
steady increase in specific output the problem of piston 





* Paper read before Sectior G of the British Associa- 
tion, at Brighton, on Tuesday, September 14, 1948. 
Abridged. 
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temperatures has come very much to the forefront, 
more especially during the war, when engines were 
pressed very hard. This is a problem which we have 
been investigating for many years past, and it is 
common alike to both the swirl chamber and the 
direct-injection engine, for while the total heat flow 
in the swirl-chamber type is greater, a substantial 
proportion of this is dissipated through the walls of 
the separated chamber, and so does not reach the 
pirton, whereas in the direct-injection engine the 
combustion chamber is wholly within the piston itself. 

The first step was to arrive at a satisfactory and 
accurate method of measuring the temperature at 
many and various points in a rapidly moving piston ; 
the second to determine what are the safe permissible 
temperatures at the various zones; and the third to 
devise means for reducing the temperature at the 
critical points. 

Many methods are in vogue for measuring piston 
temperatures, such as by Brinell hardness, by tempera- 
ture paints, by contact thermocouples, and by fusible 
plugs. In our experience, the last of these has proved 
by far the most satisfactory and reliable. By embed- 
ding in the walls of the piston a large number of very 
minute fusible plugs consisting of a eutectic of known 
and sharply-defined melting-point, it is possible to 
record the maximum temperature reached by every 

rt of the piston. From such measurements we have 
ound that the maximum safe temperatures at the 
three most critical zones for an aluminium-alloy 
piston in a Diesel engine are :— 


F 370 deg. to 400 deg. C. 
For the top-ring groove .... 200 deg. to 220 deg. C. 
For the gudgeon-pin bosses ... 200 deg. to 270 deg. C. 


If the crown temperature exceeds 400 deg. C. failure 
will probably occur from cracking. 

If the top-ring —— temperature exceeds 220 deg. C. 
for any length of time trouble may be expected from 
one or another of the following causes: (1) stuck piston 
rings ; (2) the formation of carbon at the bottom of the 
ring groove causing the ring to be packed out; and 
(3) rapid ring-groove wear. 

If the temperature can be kept below 200 deg. C. 
the engine should run for an indefinite period without 
any of these troubles. If, however, the temperature 
exceeds 220 deg. C. one or other of them is bound to 
occur in course of time ; if it exceeds 240 deg. C. it will 
occur in a matter of a few hours only. The nature of 
the lubricating oil has, of course, some influence but 
not very much; in practice it is often found to have a 
very marked influence due to the fact that in most 
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heavy-duty vehicle engines the top-ring groove tem- 
perature at full load is usually in the critical zone and 
therefore the condition is very sensitive. In this con- 
nection, it may be of interest to note that with taper- 
sided piston rings the tendency to stick is eliminated 
or, to be more exact, it is postponed to a considerably 
higher temperature, such that one or other of the other 
troubles occurs first. If the temperature at the gud- 
geon-pin bosses is allowed to exceed about 270 deg. C., 
the material will be so weakened that they will be 
stretched and the bore will become oval. 

It is now our practice in all new engine designs, when 
the maximum power output is greater than 25 to 
30 brake horse-power per piston, to employ oil-cooled 
pistons, and so impressed have we been with the 
excellent behaviour of these that we are advising their 
use even in quite small engines. If the design of the 
engine and the oil feed to the crankshaft is appropriate, 
the fitting of fully oil-cooled pistons (as opposed to 
cooling with an oil squirt against the crown which 
does not much help the ring grooves) is generally quite 
a simple matter. 

Figs. 14 and 15, on page 622, show one design of oil- 
cooled piston we have been using. In it the piston is 
formed in two parts, an inner member carrying the 
gudgeon pin and a completely symmetrical outer mem- 
ber forming the crown and skirt and carrying the piston 
rings. The cooling oil is supplied from the unloaded side 
of the crankpin bearing through an oil passage round the 
outside of the bearing shell. This, in turn, is fed from 
a hole in the crankpin and timed so that oil can flow 
only when the inertia of the rod and piston is upwards. 
From the rod, the cooling oil flows through a collector 
which bears against the small end of the rod, and thence, 
at high velocity, through a series of radial grooves cut 
in the upper face of the inner member to an annular 
space formed behind the piston rings; from here its 
flow is restricted in order to ensure that the annular 
space is kept at least half full; after passing this 
restriction, it can return freely to the crankcase. The 
amount of oil circulated through the piston is roughly 
about 4 to 5 pints per hour per brake horse-power. 
Figs. 16, 17 and 18, on page 622, show a single-piece 
version of the same general type. 

Except in the matter of pistons, I have tried to 
adhere to questions of technical policy rather than 
mechanical details to which, of course, there is no end, 
but details affect policy and the piston is the most 
important detail. I have endeavoured to show why 
in the prevailing circumstances I am inclined to favour 
the supercharged four-cycle engine for road vehicles 
as the most promising line of approach. 
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NOTES ON NEW BOOKS. 


Radio Receivers and Transmitters. By S. W. Amos and 
F. W. Keriaway. Second edition. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 25s. net.] 

In reviewing the first edition of this book, early in 1945, 
we said that it was a useful and up-to-date addition to 
the mounting literature of radio. A perusal of the 
second and revised edition has done nothing to make 
us change that opinion. As before, ground work is 
covered in the first four chapters, after which the 
propagation of radio waves, and aerials for transmission 
and reception, are dealt with. A chapter dealing with 
the use of valves for amplification and detection 
follows, while the remainder of the book is concerned 
with the valve as a circuit component, and analyses the 
various circuits through the agency of which amplifica- 
tion, detection and oscillation are accomplished within 
both-the audio- and radio-frequency ranges. The 
opportunity has been taken to expand the sections on 
negative feed-back, microphones and leaky-grid de- 
tectors. A number of errors in the first edition, to 
some of which we called attention, have been corrected, 
although this does not apply to the expression for the 
mean power deysloj given on page 32. A rather 
more adequate index would be an improvement. 


The Royal Institution. By Tuomas Martin. Revised 
edition. Published for the British Council by 
Loi Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price ls. 6d. net.) 

Ir is not uncommon in foreign publications, and some- 
times in home newspapers, to find the Royal Institution 
confused with the Royal Society. It is not the purpose 
of this monograph to eliminate that misconception and 
the latter body is not dealt with in its pages, but it 
may help to perform that incidental service. Mr. 
Martin writes for the ublic, and, in view of 
the purpose and activities of the British Council, 
presumably mainly for the foreign general public 
(Spanish and P editions of the book have been 
issued). ‘In view of this, it might have been better if 
he had quoted the full name of the Institution either on 
the title page or in the introduction. The shortened 
title is in common use in instructed circles, but it 
might have helped the general public to clarify its 
hazy ideas on scientific matters, and to distinguish the 
institution from other bodies, if it had early been 
referred to as the Royal Institution of Great Britain. 
This monograph was first published in 1942 and 
reprinted in 1944, and it is clear that this revised 
edition contains much new matter. Sir William Bragg 
died in the year the first edition was published, and 
since that time the Institution has been under the 
charge first of Sir Henry Dale and then of the present 
director, Professor E. K. Rideal. These later develop- 
ments are dealt with in the new edition. The mono- 
graph presents an interesting and clear account of the 
foundation and progress of a body “unique among 
scientific institutions.” The great figures who have 
figured in its history are dealt with in the sequence of 
years, and the work of Rumford, Davy, Faraday, 
Tyndall, Dewar, Rayleigh, Bragg and others is 
described with scientific accuracy, but in terms adapted 
to the non-scientific intelligent reader. Mr. Martin 
has’ naturally allowed himself greater freedom in 
dealing with the personal characters and idiosyncrasies 
of the historic figures than with those who were more 
nearly his eontemporaries, but, throughout, the work 
done is related in interesting fashion to the personalities 
of those who carried it out. It is doubtful if a more 
satisfactory brief history of the Royal Institution could 
be written. 








La Turbina a4 Gas. By Proressore Dorr. Ina. 
Vincenzo Russo. Societa Editrice Riviste Indus- 
trie Elettriche, Milan. (Price 600 lire.} 

THIs monograph consists of a series of articles which 

appeared in the monthly review L’Energia Elettrica, 

the original matter having been revised and added to. 

In a modestly-expressed. preface, Professor Rubbo 

states that, in view of the position which the gas turbine 

has taken in the last few years and the important 
industrial developments to which it appears likely to 
lead, a study of its theoretical aspects and of existing 
practice should be of value. He adds that he approached 
the task with some diffidence, but was encouraged by 
colleagues, both Italian and foreign. He makes 
acknowledgment of the debt he owes to the extensive 
existing bibliography and of the assistance and informa- 
tion furnished by Swiss and English manufacturing 
firms. There was no need for Professor Rubbo to 
apologise for his excellent review of the subject. 

Relatively little work has been done on the gas turbine 

in Italy, for which conditions in that country are 

sufficient explanation, and, as he points out, the exten- 
sive existing literature which he has studied is 
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almost exclusively foreign. His monograph is con- 
cerned with the development of the gas turbine for 
electric-power generation, rail traction, marine service, 
and in petroleum refining ; for this reason it should be 
of value to many non-Italian readers, as much of the 
generally available literature is concerned almost 
entirely with aeronautical applications. After chapters 
dealing with general principles, the main elements of a gas 
dealing with general principles, the main elements of 
turbine, and materials of construction, the various 
plants in existence, under construction or projected 
in the United States, Switzerland and Great Britain 
are described and illustrated. In his list of possible 
applications of the gas turbine, Professor Rubbo 
includes the utilisation of nuclear energy. This may 
seem a somewhat remote possibility, but the careful 
study represented by this monograph may, perhaps, 
be taken as a step towards that end. 





Laboratory of the Air. By Joux Pupney. H.M. Sta- 
tionery Office, York House, Kingsway, London, 
W.C.2. [Price 3s. 6d. net.] 


Tuts description of the Royal Aircraft Establishment 
at Farnborough, Hampshire, been compiled from 
official sources, supplemented by reference to The War 
in the Air and other works. While generally prepared 
on popular lines, the book contains a great deal of 
factual information, mainly historical and biographical, 
but also descriptive of some fairly recent technical 
investigations. There are passing references to many 
more of which little is commonly known—for example, 
such refinements in electrically-heated clothing as the 
distribution of heating elements to give increased 
warmth at the extremities of the wearer’s body, and 
model experiments on the behaviour of different types 


of aircraft when making forced “landings ” on water. | ing 


The book is well illustrated and eminently readable, and 
should be of particular interest to the fairly numerous 
members of the public who, from time to time, have 
taken part in visits of professional institutions and 
other bodies to the Establishment. 





Surveying. By Dr. W. Norman Tuomas, C-B.E., 
M.LC.E. Fourth edition. Edward Arnold and 
Company, 41 and 43, Maddox-street, London, W.1. 
[Price 30s. net.] 

Tuat this book is the fourth edition of a work first 

published in 1920, of which the third edition was 

reprinted three times, indicates the esteem in which it is 
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held. In the present edition, considerable rewriting 
and rearrangement has been effected; for instance, 
material formerly dealt with in appendices has been 
elaborated and is now included in the main text. A 
new chapter on “ Errors in Surveying and the Adjust- 
ment of Observations ” has been inserted, and a full 
account is now given of “ Photographic and Aerial 
Surveying,” based on results of modern experience in 
that branch. In general, it can be said of the book 
that it is an excellent, readable and complete treatise, 
eminently suitable for students reading for degrees in 
engineering or for other examinations in which survey- 
is a subject. A valuable feature is the large 
number of fully worked examples. In surveying, as in 
other engineering and scientific subjects, the working 
of examples is an important factor in the acquisition 
of knowledge. Each chapter ends with a selection of 
well-chosen problems, and there are a number of 
miscellaneous examples at the end of the book. In 
addition to the conventional topics of the popular 
notion of land surveying, and the special chapters 
referred to above, the work deals with curve-ranging, 
hydrographic surveying and the determination of 
quantities which involve astronomical observations, 
all very clearly expounded. The book may be com- 
mended with confidence to practitioners as well as to 
students. 
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METALLIC CORROSION BY 
MICRO-ORGANISMS.* 


By T. Howarp Rogcsrs, D.I.C., A.I.M. 
(Concluded from page 581.) 


Work on condenser-tube corrosion at the British 
Non-Ferrous Metals Research Association has often 
revealed cases in which failure due to abnormally 
rapid pitting appeared to be connected with some 
vail a 3 I of sea water not revealed by ordinary 
chemical analys‘s, and of more or less seasonal incid- 
ence. It was noticed that this rapid pitting tended to 
occur when the surface of the metal was coated with a 
brown film, which examination suggested was of bio- 
logical origin. This view received some confirmation 
from the work on corrosion by colonies of bacteria, 
where it was noticed that some which produced black 
or brown pigments were among those causing the most 
severe corrosion. One pigment was found to be 
melanin, an organic substance produced by the action 
of the enzyme tyrosinase on tyrosine, and it was shown 
that bacteria producing tyrosinase could accelerate 
corrosion in direct relation to the amount of tyrosine 
present. Acceleration of corrosion may be brought 
about in this case by the formation of quinones during 
the fermentation reaction, which may possibly play a 
part in cathodic depolarisation. 

Samples of sea water known to give rapid pitting 
were found to contain an organic sulphur com- 
pound, capable of being repeatedly reduced to a mer- 
captan and oxidised back to a disulphide. As these 
changes could be brought about readily, it appeared 
possible that the compound, when present on the metal 
surface, might act as an oxygen carrier, speeding up 
the depolarisation of the cathodic areas around the 
pits, thereby increasing the rate of pitting. It was also 
noticed that sometimes a sample of sea water which 
gave no pitting did so if it became “ infected” with a 
very small quantity of water which had these properties. 
This again suggested that bacteria might be responsible, 
and as some of the bacteria isolated in the static tests 
gave positive Mérner nitroprusside reactions for 
sulphydryl groups, considerable attention was paid to 
these substances. 

The principal sulphur compounds entering into pro- 
tein structure are the disulphide, cystine, and its 
corresponding mercaptan form, cysteine, also a similar 
substance, glutathione, and methionine. The source 
of these compounds is plant and animal tissue. Gluta- 
thione is present in tissues, cystine in many, and 
both can be released by bacterial action. Many sea- 
weeds contain cystine, and in the Laminariae there 
may be as much as 3-4 percent. Cystine may possibly 
diffuse from the living plant, but when the weed decays 
through bacterial action, it is certainly liberated into 
the surrounding water, and this was confirmed by 
experiment. Some Laminaria was allowed to decom- 
pose in the laboratory, and cystine was detectable both 
in the water and in the bacterial slime on the decom- 
posing weed. 

As cystine, glutathione, and methionine are all of 
protein origin, and as bacteria are the active agents in 
protein decomposition, it may be safely argued that 
the presence of these compounds in sea water is due 
to the action of micro-organisms in releasing them 
from decomposing organic matter. Harvey} has shown 
that compounds such as cystine and glutathione are 
found in both off-shore and in-shore waters, and that 
there are definite seasonal variations in the amounts 
present: also these substances are present in greater 
quantity where organic matter is being broken down, 
such as in estuaries, harbours, etc. It is well known 
that the corrosion of metals is governed mainly by 
the type of film which forms on the surface of the 
material and the presence or absence at the seat of 
corrosion of substances which can behave as anodic or 
cathodic depolarisers. One of the main characteristics 
of cystine from the corrosion viewpoint is its affinity 
for certain metals and its ability to form metallic com- 
plexes on their surfaces. Cystine would appear to have 
two characteristics which, under suitable conditions, 
could have considerable influence on corrosion, namely 
the property of forming films and a de ising action. 

To prove that a mercaptan-disulphide system was an 
effective corrosion accelerator, experiments were carried 
out under sterile conditions on 70: 30 brass, and other 
standard condenser-tube materials, in sea water with 
and without additions of cystine and glutathione. As 
the jet impingement apparatus, in which several 
specimens undergoing impingement are tested together 
in one large container, does not lend itself to sterile 
conditions, the Brownsdon and Bannister impingement 





* Communication from the British Non-Ferrous 
Metals Research Association, London, entitled, “The 
Promotion and Acceleration of Metallic Corrosion by 
Micro-Organisms,” presented to the Institute of Metals, 
and on which written discussion is invited. Abridged. 

t Jl. Marine Biol. Assoc., vol. 23, page 499 (1939). 


corrosion apparatus,* which uses a separate unit for 
each test, was modified for the purpose. To find the 
normal rate of attack for each jet in the absence of 
organic sulphur, 12 control 70: 30 non-arsenical brass 
specimens were first tested in a run of 500 hours under 
sterile conditions. 

Several runs were then made usi 
sea water from the same batch, sterilised and with the 
addition of varying amounts of the sulphur compounds, 
the breakdown of which was prevented by the sterility 
of the apparatus. All the specimens which had been 
tested in waters containing sulphur compoun 


the same jets in 


ds were 
found at the end of the runs to have developed brown 
films to a varying extent. These films closely resembled 
the film often found in cases of abnormally rapid pitting 
in practice. The presence of the sulphur compounds 
vastly increased the amount of pitting as compared 
with controls run in water free from these substances. 
The effect of cystine on the corrosion of copper was 
studied by immersing sheets of high-conductivity 
copper, 1 sq. dm. in area, in beakers containing 600 ml. 


of sea water, with and without added cystine. The | P° 


liquid was stirred by a jet of air which was not allowed 
to impinge upon the metal, and the water was changed 
every 48 hours. The corrosion of the copper was in 
each case measured by chemical estimation of the 
total copper salts in the beakers. In all cases the 
corrosion of copper is initially increased by the pre- 
sence of cystine. In the case of sea water to which 
3 mg. per litre of cystine has been added, the accelerated 
rate compared with that in sea water os no 
added cystine continues until the tenth day, while in 
waters with higher concentrations of added cystine 
the accelerated rate ists for only two days and 
then begins to fall off. In each of the three series of 
experiments made in sea water containing added 
cystine, it was found that, after varying periods of 
time depending on the concentration of cystine, the 
corrosion rate slowed down until it was less than in 
water containing no added cystine, but none of the 
cystine concentrations used produced a film which was 
completely protective. 

Copper corroding in the presence of cystine becomes 
brown, owing to the formation of a film of cystine- 
copper complex, which gives a positive nitroprusside 
reaction. The film becomes darker as the amount of 
this complex increases. Some of the experiments with 
cystine suggested that it was possible to obtain two 
forms of cystine film: incomplete films which may 
accelerate general corrosion, and more nearly complete 
films which tend to be protective, but which can also 
accelerate pitting action. If a copper sample is exposed 
to sea water containing a low concentration of cystine, 
filming of the surface is incomplete, and stimulation of 
attack is maintained even after all the cystine has been 
removed from the water. This is due to the fact that 
cystine first comes down preferentially on local anodes 
or cathodes (depending on the pH of the solution), 
and complete ing does not occur until all local 
preferences are satisfied. Further, if such a partly 
filmed specimen is transferred to a water free from 
cystine, acceleration of attack continues. 

Since the completion of experiments on the effects of 
cystine as a corrosion accelerator of copper-base alloys, 
a routine examination has been made for the presence 
of organic sulphur compounds in all service failures 
sent to the British Non-Ferrous Metals Research 
Association for examination and report. In many 
failed tubes from marine condensers organic sulphur 
has been isolated from the areas of failure. In one 
case of repeated failure of condenser tubes at a foreign 
power station using estuarine cooling water contami- 
nated with sewage, the black corrosion product on the 
tube walls was found to contain a copper-organic 
disulphide complex, and a violent form of pitting 
action had been caused by the presence of the organic 
sulphur. 

The action of sulphate-reducing organisms in the 
anzrobic corrosion of iron is well known and now has 
an extensive literature. With regard to non-ferrous 
metals, many cases of acceleration of corrosion owing 
to the presence of these organisms have been encoun- 
tered, both in sea water and in fresh water. In the 
case of non-ferrous metals and alloys, corrosion does 
not necessarily take place during the activity of the 
sulphate-reducing organisms, the fact that hydrogen 
sulphide has been evolved being sufficient to bring 
about a violently corrosive environment, especially in 
sea water. This property of hydrogen sulphide of 
rendering a sea water abnormally corrosive once it has 
been evolved by bacterial action, is not entirely under- 
stood. It has been found, both in laboratory tests and 
practical failures, that sea water containing sulphate- 
reducing bacteria which have evolved hydrogen sulphide 
when the water has been stagnant, can remain extremely 
corrosive although conditions change to considerable 
aeration and no hydrogen sulphide is chemically detect- 
able in the aerated sea water. The present author has 


investigated the inhibition of these sulphate-reducing 
organisms, and the use of dyestuffs of the diamino- 
acridine (flavine) types has been found very successful.* 
The effect of bacteria and various micro-biological 
activities in causing fouling of ships’ hulls received 
considerable attention during the war, and work 
reported in recent publications has done much to clear 
up some doubtful points, such as the toxicity of copper 
and mercury salts to bio-fouling in general and -the 
problems of leaching rate and succession of organisms. 
In condensers, both land and marine, the problem of 
bio-fouling can be extremely important, and much 
work has been done on the control of such growths. 
As long as these slimes are alive their main effect is to 
reduce heat transfer, but when they die and decom- 
ition sets in, corrosion troubles are likely to occur. 
veral well-authenticated cases are known of con- 
denser-tube failures in fighting ship: being due to pit- 
ting, originally initiated by a mussel causing partial 
tube stoppage, aggravated by the decomposition of the 
mussel proteins, with the release of sulphur com- 
unds. 
Evidence that bacteria can play a part in the corrosion 
of métals has naturally led to investigation into methods 
of control. The most obvious method is to destroy 
the bacteria and so prevent their action. The problem 
of inhibiting the growth of bacteria under such condi- 
tions is difficult because many disinfectants have 
corrosive properties ; also many disinfectants employed 
against pathogenic organisms, which outside the human 
body have comparatively little resistance, are of no 
use against the true water forms unless used in much 
great concentration than would be economic or 
desirable. When a survey is made of the substances 
which might fulfil the special requirements of this 
problem, non-corrosive dyestuffs should not be forgot- 
ten ; in some cases of corrosion by bacteria it may be 
possible to find specific inhibiting dyes of which small 
effective concentration would be economic. It has 
been shown experimentally that a dye such as gentian 
violet can inhibit many types of the bacteria found in 
sea water which can interfere in corrosion experiments. 
Inhibition of the sulphate-reducing organisms in closed 
systems can be successfully carried out by the use of 
dyes of the diaminoacridine type, a method now being 
extensively used by some commercial und i 
where the activities of the sulphate-reducing bacteria 
are detrimental to their products. 

These methods are satisfactory when the amount of 
water is not too great and the system is closed, but in 
cases where the water is in circulation or where the 
amount to be treated exceeds the economic limit, the 
best way of combating bacterial corrosion is by the 
production of resistant alloys. It must be pointed~out 
also that in many cases the bacterial production of 
corrosion accelerators occurs in natural waters long 
before they can be treated in any way, and this again 
calls for more resistant alloys rather than bactericides. 
The use of chlorine in various dosages with and without 
ammonia is becoming increasingly popular in power- 
plant operation, and it must be borne in mind that 
chlorine, while excellent as a slime preventer, is not 
always a deterrent of indigenous water organisms, which 
are the ones most likely to cause a corrosive environ- 
ment, and it may not destroy corrosion accelerators 
which have been released into a water by bacterial 
action before the water reached the chlorinating plant. 





. 

LOCOMOTIVE BUILDING aT GoRTON.—The first of an 
order for 10 Bl-class mixed-traffic locomotives has 
recently been completed at the Gorton Works of British 
Railways. The works, which is situated near Manchester, 
and was the locomotive-building centre of the former 
Great Central Railway, has been dealing with repair 
work since 1939. 





HENRY SPURRIER MEMORIAL SCHOLARSHIPS.—The 
Council of the Institute of Transport invite applica- 
tions, without restriction of age, nationality or sex, for the 
award, in August, 1949, of up to five Henry Spurrier 
Memorial Scholarships of an aggregate value not exceed- 
ing 1,2501., and at least five Memorial Grants not exceed- 
ing 201. each. The scholarships may be awarded to 
assist in meeting the expenses incurred in travel for the 
purpose of studying road transport, research in connec- 
tion with road transport or full-time study in subjects 
connected with road transport at a university or other 
educational institution. Application may be made for a 
scholarship to be renewed. Spurrier Memorial Grants 
are awarded for objects similar to those for which 
scholarships are given, or for the purchase of books and 
instruments. Applications must be made on a form to be 
obtained from the secretary of the Institute, 80, Portland- 
place, London, W.1, with whom the completed form 
must be deposited not later than May 31, 1949. Each 
application must bz: supported by the candidate’s 
employer, or other responsible person having knowledge 
of him, and by a member of the Institute of Transport. 











* J. Inst. Metals, vol. 49, page 123 (1932). 





* Brit. Patent Spec., No. 497,829 (Dec., 1938). 
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CATALOGUES. 


Steels for Gas Turbines.—Messrs. William Jessop and 
Sons, Limited, Brightside Works, Sheffield, 1, have issued 
a leaflet giving brijef particulars of the physical and 
mechanical properties of their austenitic steels for gas 
turbines. 


Aluminium Rain-Water Goods.—A leaflet price-list of 
heavy-duty aluminium-alloy half-round and O.G.-type 
gutters and connections, down pipes and connections, 
and other rain-water goods, has been issued by Messrs. 
Richard Thomas and Baldwins, Limited, Light-Alloy 
and Fabricating Section, Wern Works, Briton Ferry, 
Neath, Glamorgan. 


Crystallisation Plant.—Messrs. The Power-Gas Cor- 
poration, Limited, Parkfield Works, Stockton-on-Tees, 
have sent us a booklet containing a description of the 
firm’s Krystal-process industrial crystallisation plants. 
Sectional drawings of evaporators, v » and li 
crystallisers are reproduced, and an account is given of 
their characteristics and advantages. 


Aluminium-Alloy Household Equipment.—Illustrations 
and brief descriptions of die-cast, cast and stamped 
conponents for washing machines, electric fires. cooking 
equipment and other household appliances are given in a 
publication issued by High Duty Alloys, Limited, 
89, Buckingham-avenue, Slough, Buckinghamshire. 


Electrical Storage Batteries.—The Chloride Electrical 
Storage Company, Limited, Clifton Junction, near 
Manchester, have published the twelfth edition of their 
export catalogue dealing in detail with storage batteries 
for farm and estate lighting, emergency lighting, tele- 
phony and switch tripping. The information given 
should be helpful in selecting the size of battery required. 


Metal-Melting Furnaces.—A catalogue of their rever- 
beratory tilting metal-melting furnaces has been sent to 
us by Messrs. Sklenar Furnaces, Limited, East Moors- 
road, Cardiff. The furnaces may be oil, gas or coke- 
fired, and are made in five sizes, ranging from the 320 Ib. 
to 500 Ib. type up to the 5-ton type. They are used for 
melting copper alloys, aluminium alloys and also iron 
and ferrous alloys. 


Aluminium Paint.—The British Aluminium Company, 
Limited, Salisbury House, London Wall, London, E.C.2, 
have issued an attractive illustrated publication dealing 
with B.A. aluminium paste as used for mixing with 
paint vehicles. The characteristics of aluminium paint 
and its value for protecting and decorating metal, 
wood, brick, plaster, concrete and other materials are 
described. 


Structural Plastic.—The nature and applications of a 
laminated structural plastic used for partitioning in 
ships, hospitals, offices and other buildings, for bulk- 
heads in ships, and for making furniture, are described 
in a publication issued by Holoplast, Limited, New 
Hythe, near Maidstone, Kent. “ Holoplast”’ as the 
material is called, is manufactured in the form of panels 
measuring 8 ft. by 4 ft. by 1 in., which, in effect, consist 
of a series of double T-girders with webs at approximately 
2-in. centres, separated by rectangular cavities running 
the entire length of the panel. Solid laminated sheets of 
various thicknesses are also supplied. 


Automatic Electroplating Planis.—Messrs. W. Canning 
and Company, Limited, Great Hampton-street, Bir- 
mingham, 18, have sent us a catalogue dealing with the 
latest developments in fully-automatic electroplating 
Plants. In these all operations prior to plating, such as 
cleaning and etching, and the subsequent operation of 
swilling and drying, are conducted automatically, in 
addition to the plating process itself. Furthermore, 
uniformity of deposition is ensured by the control of the 
plating time. The equipment has been developed chiefly 
for nickel and chromium plating, but it is also used for 
the deposition of copper, brass, tin, cadmium, zinc and 
silver. 








DiaRy.—We have received an attractive leather-bound 
pocket diary from .The Plessey Company, Limited, 
Ilford, Essex. In addition to postal and other general 
information, the diary contains several pages of useful 
electrical, general and radio-engineering data. 





THE BLERIOT LECTURE.—The second Blériot Lecture 
will be given, at 6 p.m.,on February 10, 1949, before the 
Royal Aeronautical Society, at the Institution of Civil 
Engineers, Great George-street, London, S.W.1, by two 
French aircraft engineers, Messrs. Brocard and Hussenot. 
The subject of the lecture, which will be delivered in 
English by Mr. Brocard, will be “‘ French Experimental 
Methods of Perfecting the Aerodynamic Properties of 
Prototypes in the Project Stage for the Purpose of Flight 
Tests.” The Blériot Lecture is delivered alternately in 
Paris and London, under the auspices of l’Association 
Frangaise des Ingénieurs et Techniciens de l’Aéronautique 
and the Royal Aeronautical Society. The first lecture 
was delivered in Paris, on May 12, 1948, by Air Com- 
modore F. R. Banks, F.R.Ae.S. 
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ELECTRICAL APPARATUS. 


603,372. Exploder for Shot-Firing. John Davis and 
Son, Derby, Limited, of Derby, and C. Dawson, of Derby. 
(3 Figs.) October 19, 1945.—This invention is an explo- 
der for shot-firing in mines and quarries. Its objects are 
simplicity of construction and ability to withstand 
rough usage. The exploder casing is in three parts, 
a central body member 10, a drive-end cover 11, and a 
terminal end cover 12. A stationary winding 13 is 
mounted between laminated arc-shaped pole pieces 14, 
and in the cavity bounded by the pole pieces 14 a cylin- 
drical permanent magnet rotor 15 is provided. The 
drive is applied to the spindle of the magnetised rotor 15 
by means of a handle driving gearing contained in the 
drive-end cover 11. The construction, especially in 
view of the robust body member, is such that the rough 








usage to which these exploders are usually subjected 
will not readily damage or dislodge the interior consti- 
tuent portions. Direct electrical contacts enable loose 
parts or connecting wires to be avoided and the device 
can be easily dismantled and reassembled. The electrical 
connections from the winding 13 are taken directly to the 
terminals in the terminal end cover by way of a suitable 
switch. A contact strip 16 from one end of the winding 
is bent to shape so that it bears on one terminal. A leaf 
spring blade 18 from the other end of the winding carries 
a contact stud 19, which bears on a stud 20 carried by 
a contact strip 21 attached to the other terminal 22. 
The stud 19 on the spring blade 18 is caused to engage 
with stud 20 by means of the insulated cap end of a 
push rod 35 operated by a cam on the driving quadrant. 
(Sealed.) 


603,418. Telephone Instrument.- Siemens Brothers 
and Company, Limited, of London, R. S. Bone, of Up- 
minster, Essex, and J. H. Spicer, of London. (1 Fig.) 
October 22, 1945.—This invention relates to electro- 
magnetic telephone instruments of the balanced-armature 
type, as used in hand-telephone microphones. Its object 
is to reduce the resonance of the moving system which 
usuglly occurs at frequencies in the middle and upper 
regions of the speech range. The diaphragm 1 is coupled 
by a light metallic rod 2 to the armature 3 of the electro- 
magnetic system 4 of the receiver unit. The electro- 
magnetic system has a coil 5 surrounding the armature 3, 
and is of the so-called balanced-armature type. The 
diaphragm is clamped at its edge between opposed 
annular faces on a metallic casing 6 and a metallic 
cover-plate 7, the casing and the cover-plate being 
secured together by a spun-over metallic clamping ring 8. 
The casing 6 is shaped so as to form an enclosed space 
behind the diaphragm, and has a central circular hole 9 
for the passage of the rod 2. The cover-plate is provided 
with sound apertures 10 and is dished to allow free 
movement of the diaphragm. The diameter of the 
dished portion of the cover-plate is made larger than the 
outer diameter of the air cavity 11 behind the diaphragm, 
so that the peripheral walls of the enclosed s in 
front of and behind the diaphragm are not opposite each 
other. Two slightly raised and diametrically opposite 
portions 15 and 16 on the back of the casing 6 provide 
bearing surfaces against which the electromagnetic 


system 4 is clamped by screws. Surrounding the rod 2 
and situated between the diaphragm 1 and the casing 6 
is an annular damping pad 12 of a non-resonant com- 
pressible material such as felt cloth or felt. This pad is 
of uniform thickness, and is held in position by the 
casing 6, so that it is co-axial with, and makes light con- 
tact with, the diaphragm. The casing 6 is formed with an 
annular surface 13, which is parallel with the diaphragm 
and is surrounded by a flange 14. The recess thus formed 
serves to locate the damping pad, which is fixed by adhe- 
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sive. The effect of the damping pad is to cause certain 
resonance peaks in the response-frequency characteristic 
to be flatter than they would otherwise be, with the result 
that the characteristic is a satisfactory one for the 
purposes for which a hand-telephone microphone is norm- 
ally employed. The damping pad takes part in damping 
the moving system of the unit, both by providing mech- 
anical resistance to movement of the diaphragm and by 
completing the effective enclosure of the air cavity 11 
behind the diaphragm. (Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


603,558. Potters’ Jolley. William Boulton, Lim‘ted, of 
Stoke-on-Trent, Stafford, and C. Farr, of Stoke-on-Trent, 
Stafford. (6 Figs.) October 25, 1945.—This invention 
is a potters’ jolley in which a jolley arm carrying a 
profile tool is automatically controlled to bring the tip 
of the tool into contact with the work and then the tool 
into full contact, the work being meanwhile rotated by 
the action of a jigger head. A vertical jigger spindle 11 
with a revolving head 12, and a horizontal shaft 13 
carrying cams 14, 15 are mounted in bearings in a frame 
10. In the upper part of the frame another horizontal 
shaft 16 is mounted, and forms the axis about which 
a rocking frame in the nature of a bell-crank is operated. 
One arm 17 of the rocking frame extends in a downward 
direction and carries a roller 18 which rides on the 
periphery of the cam 15, while the other arm 19 of the 
rocking frame extends in an upward direction and carries 
the jolley arm 20, at about the centre of the arm. The 
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forward end of the jolley arm carries the usual tool-holder 
21 and profile tool. The rear end of the jolley arm has a 
bracket 22 in which another roller 23 is carried, which 
rides on the periphery of the other cam 14. The throw 
of the jolley-arm cam 14 is considerably greater than that 
of the rocking-frame cam 15. The jolley-arm cam 14 
acts on the rear end of the jolley arm to raise it, thus 
lowering the forward end of the arm to bring the tip of 
the tool into contact with the centre of the work. During 
this movement the rocking-frame cam 15 has played no 
part in the operation ; as soon as the tip of the tool has 
reached its correct position, the rocking-frame cam 15 
assumes control, and a peak on this cam rocks the 
frame in such a way that the upper end carrying the 
jolley arm moves rearward and downward, which brings 
the whole length of the profile into full contact with the 





work, so that the piece is shaped. (Sealed.) 
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PARTIAL-LOAD CHARAC- 
TERISTICS OF MARINE 
GAS-TURBINE CYCLES. 


By .E. G. Srernanp, M.A., B.Sc. (Eng.), 
A.M.I.Mech.E. 


(Concluded from page 602.) 


Tu relation between power output and revolu- 
tions per minute depends on the form of drive used. 
In tthe ease of gearing, and alternating-ourrent 
electric drive, the turbine output-shaft speed is 
proportional to the propeller speed, and hence is 
proportional to the cube root of the power; in the 
case of direct-current electric drive and the variable- 











henee the thermal efficiency at some speed lower 
than the designed r:p.m. It is obvious that a 
unique solution must exist, for we may write : 


M = f, (T,, P;, r) from the ellipse law ; 
the net power 


Wn = f,(T,,7, M), from the usual formule for adia- 
batic expansion and compression; 

Wn =f, (N), from the cubic relationship above ; 

P, = f, (r), since turbine exhaust and compressor inlet 
pressure are constant (atmospheric) ; and 

N =f, (M, r), from compressor characteristics. 


If a value of one of these unknowns, say N, is 
selected, five equations in the five unknowns M, 
T, P,, r and W, may be written down. The 
solution of these equations by ordinary algebraic 
methods is not possible, however, because of the 















































































































































Fig.6. Fig.7. 
4 ae +0 7 —— 
/ IX 
A\ A 
rel 4 {. . 
ASE Z 
3 J a 100 3 RY Ps) 5100 __| 
| AV | ue \e 
A - cf # J - 
2 | 7 \ go af 2-0 TB 1 oo 
* af 
? iz 70 ee § 70.§. 
i A 7 \\ ee 
_ 4 50 i VA 50 
“— 20 40 60 80 700 the — 46 66 30 — 100 — tho 
(0443.7) Mass Flow... Per Cent. (0443.0) Mass Flow ...Per Cert 
Fig. 8. Fig. 9. 
| 
| 
+o 7 +0 T A. 
$/ / 
4 / 
i 30 é oa 4 
B \ S 
é | V + 952° é f 95-100 _ 
& | 90| i e/ 90| 
= - s/ ag al 


s 
~] 


























x” 50 
° al 
by 46 60 80100 720 


Mass Flow... Per Cent. 


pitch propeller, the turbine speed can be chosen 
arbitrarily at any power. It is probable that the 
alternating-current electric transmission system 
will find most favour. Gearing would involve the 
use of a separate astern turbine, with all the addi- 
tional complications for cooling the blades while 
running ahead, or of de-clutchable couplings. Of 
the other alternatives, direct-current drive is heavier 
and more costly than alternating-current, and would 
probably necessitate gearing down from the turbine 
to the generator. The feathering propeller, though 
it may prove to be a very good solution of the pro- 
blem in the future, is still, at present, itself in an 
experimental stage. The calculations for part-load 
performance are made, therefore, on the assumption 
that alternating-current electric transmission. is 
used, and it will be assumed that the power is pro- 
portional to the cube of the r.p.m. 

The first case taken is that of the simple gas- 
turbine eyele. The problem consists essentially of 
caloulating the mass flow, pressure ratio, turbine- 
inlet temperature and net power developed, and 
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nature of the transcendental functions involved, so 
that a trial and error method must be used. The 
procedure to determine the operating conditions at 
90-per cent. r.p.m. is as follows. Referring to 
Fig. 6: 

1. Calculate the constant C a the turbine, 
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. Calculate Wy at design ad 

- Select a point on the 90-per cent. r.p.m. line, and 
wiite down the values of r and M (per cent. of 
design value). 

- Hence calculate P,' = 14°7 x r. 

. From Fig. 2, page 602, ante, read off A for the value 
of r obtained in stage 3, assuming a value of T;. 

. Hence calculate W;. 

. Read off % from Fig. 5, page 602, ante, and hence 
caloulate W, from equation (7). 

. Hence Wy = W; — We. 

. Oheck that Wy = (0-0) x design value cdloulated 


ao ar oo bo 





in ‘stage 2, ‘above ; if’not, select another point on 
the:00 per cent. r-p.m. line ‘and repeat. 





10. From Fig. 2, read off », and hence calculate T,. 
Check that this value is sufficiently near to that used 
in stage 5. Sufficient information is now available 
to calculate the efficiency by the usual methods. 

Proceeding in this manner, similar points on the 

80-per cent. and 70-per cent. r.p.m. curves may be 
found. The line joining these points represents the 
operating line A’B of the compressor. The cal- 
culations are given in Table I, and the operating 


TABLE I.—Simple Cycle. 


c- 923 x 100° Ba snag 


(4 x ie bs Oy 


We = 6,575. We, = 4,028, therefore Wa = 2,547 C.H.U. 
per second. 

















N, per cent.... See <a & 80 70 
r pis Soe = bol 3-42 ° 2-83 2-28 
M, per cent. pa -+] 86°83 70+6 55-2 
P,, lb. per sq. in. ... 50-2 41-6 33-5 
Di som cob a 08-0570} 0-0468} 0-0346 
Wt, C-H.U. per sec. 4,840 3,340 2,050 
| RN i Sa yt 34:85 | 28-5 | 21-9 
W,, C.H.U. per sec. 3,010 2,012 1,210 
Wa, C.H.U. per sec. 1,830 1,328 840 
z x 2,547. 1,856 1,304 873 
eR 0-0604; 06-0508) 0-0393 
T,. deg. K. . eee | 859 835 





ion) Aves in Pc 6. It will be seen that 
the operating line intersects the surging line 
of the compressor at approximately 70-per cent. 
r.p.m., which is equivalent to 35 per cent. of full 
power. It must be concluded, therefore, that the 
simple gas turbine, used in combination with 
alternating-current electric drive, is unsuitable for 
marine propulsion. For this reason, efficiencies ‘at 
part loads have not been calculated. 

The second case taken is that of the seriie-flow 
cycle with low-pressure power turbine, with one 
combustion chamber. The procedure for calculating 
the operating line is similar to the simple cycle given 
above, and is set out below. 

Design Particulars. 
We = 4,028 C.H.U. per second = Wp; 
Th = 2-227. 
ry = 1-797. 
Ca: = 3,540. 
Cz = 17,000. 
Wz = 2,529 C.H.U. per second. 
Mo (no heat exchanger) = 21-0 per cent. 
te (with heat exchanger) = 26-8 per cent. 
1. Select a value of compressor pressure Tatio, r_: 
2. Estimate a value of mass-flow M per cent. 
3. Read off ¢% from Fig. 5, page 602, anfe; hence 

We = Wht- 

Calculate P1,, = 14-7 r¢. 

Calculate Ajg. 

Hence read off rpg from Fig. 2. 

Read off ype from Fig. 3, page 602, ante; hence T1);. 


Te 
. Calculate rzz = —. 
Tht 


> Fer 


9. Calculate ATy: = Srp taing a suitable value for 
Ky. 

10. Hence Tiy = Tip, — AT ae. 

1. Pay = 14:7 ry. 

12. Read off dy from Fig. 4, page 602, ante; hence Tiy,. 

13. Compare the value of Tz, from 12 with that trom 
10. If not equal, select another value of M and 


14, Read off Ay, hence Wy and power per cent. 
15. Sufficient information is now available to calculate 
the efficiency. 
The detailed caleulations are given in Table II,.on 
page 626. The-operating line A B is shown in Fig. 
7, on this page, and it will be seen that there is:‘no 


|| tendency to surge in this case. Efficiencies at part 


loads have been calculated both with and without 

ee thermal ratio, and 
tted in Fig. 10, on page 626. 

a? was found that the addition of a-seeond-com- 

bustion chamber lowered the full-power efficiency, 


| both with and without the heat exchanger of 50-per 


cent. thermal ratio, so partial-load calculations were 
not made. 
The third case is that of the series-flow cycle’ with 


pressure power turbine. The procedure for 
clouting the eperetng ine foreach» erhine with 





lone combustion ehamber is given below. 
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Design Particulars. 
We = 4,028 C.H.U. per second = Wx. 
Tt = 1°627. 
ry = 2-46. 
Caz = 4,505. 
Cu = 7,920. 
Wnt = 2,546 C.H.U. per second. 
1. Select a value of low-pressure turbine pressure ratio 


ry. 

2. Estimate a value of the mass-flow M per cent. 

3. Calculate Py, = 14:7 x ry. 

4. Read off Ay from Fig. 2, page 602, ante; hence 
calculate Wy = We. 


. Hence calculate = we. 

Read off r, from. Fig. 5, page 602, anée; hence 
Pigg = 14-7 X fe. 

7. Caloulate rag = =*. 
8. Read off Ay from Fig. 2 ; hence calculate Wa,. 


9. Read off pag from Fig. 3, page 602, ante; hence 
calculate Ti), 


10. Calculate ATy, = 


11. Calculate Ti, = — AT. 

12. Read off py from i. 3; hence calculate Ti. 

13. Compare the value of T1,, from 11 with that from 
12. If not equal, select another value of M. 

14. Sufficient information is now available to calculate 


o Sf 


Wr 
a Kp 








the efficiency. 
TaBie IT -—Series Flow with Low-Pressure Power-Turbine 
and One Combustion Ch 

Gatien steer: ads eee 2-75 2-0 
M, per cent. mom: fk 73-0 53-3 
| eee ck kn. 18-1 
We, C.H.U. per sec.=Wag| 2,970 | 2,019 964 
Pi jy Ib. per sq. in. ---| 49-22 | 40-42 29-4 
Ang +s. wee eee wee 00302) 0-0255 | 00-0168 
Cee a ae eee ee | 1-652 
PRE. nee eee wwe «0 03851]) 0 -0306 | 0-0218 
Tips RT 751 640 
y= <2 i 1-592 | 1-418 | 1-21 
pM, oer >) ee a 109 71 
Tiz = Tig —ATa «.-| 708 642 569 
Pi jy Ib. per sq. in. woe] 23-4 20-83 17-79 
. ee ee 0-541 
Ti, deg. K. oer | 646 555 
Aw. vee nee wee], 00150] 0 -00935] 0-0032 
Wg, C.H.U. persec. ...| 1,605 946 323 
Power, per cent. ... ese] 63°5 37-4 12-8 
Compressor discharge 

temp.,T,deg.K. ...) 435 408 368 
Heat supplied, C.H.U. 

Der sec. ... ---| 8,910 | 6,340 3,620 
Ne (no heat exobanger) e+] 18-0 14-9 8-9 
) oN: eames 71 52 24 
Tay, deg. K. shes anes teil, 594 531 
Ts — Ts, deg. C. ---| 191 186 163 
Heat regained in heat 

exchanger, C.H.U. per 

sec. 2,000 | 1,640 1,050 
Heat supplied... 6,910 | 4,700 2,570 
No (with heat exchanger) | 23-2 20-1 14-3 














TaBLE II1.—Series Flow with High-Pressure Power- 
Turbine and One Combustion Chamber. 











re. vee dea was 2-05 1-80 
M, per cent. tee See | 79-0 66-0 
ae” Ib. per sq. in. ---| 80-12 26-45 
0 -0287 0-0214 
Ea We o C. H. U. per sec. 2,612 1,797 
ie. * | 33-05 27-2 
Te eee ome 3-24 2-71 
Pay. Ib per sa. in. ads «| 47-6 39-8 
"hy = —4 si 1-581 1-505 
Ane 0-0146 | 0-0122 
— C.H U. per se. 1,910 1,357 
oi aie «| 0-0195 0-0168 
T deg. K. 7 “id all 927 900 
A’ > Sees ae os 89 17 
he ee 823 
Ly obs uae dee | ‘0-0336 0-0265 
Tix eee one dee 847 830 
Power, per cent. . -|. 75-0 53-3 
Compressor discharge temp.., Te 
deg. K. ne 431 406 
Heat supplied, OH. U. _per sec.. ---| 10,190 8,410 
Ne (no heat exchanger) . oe] 18-7 16-1 
Ve: ae said 122 103 
T sy deg. K. ee! aot on 725 727 
Ts, — Ts, deg. O. tes E 294 321 
Heat regained, C.H.U. per sec... 2,810 2,550 
Ne (with heat exchanger) cars] 25-9 23-1 





The calculations are given in Table III, herewith. 
It will be seen that the operating line A B, in Fig. 8, 
page 625, intersects the surging line at the point B, 
at about 80 per cent. of compressor r.p.m., corres- 

ponding to 50 per cent. of full power, so that this 
arrangement is unsuitable. 

It was found that two combustion chambers form 
an unsuitable arrangement when the second com- 
bustion chamber is used as a reheater, so that at 
full power the high-pressure and low-pressure turbine 
inlet temperatures are equal. There are three 
possible methods of control of such a plant. Firstly, 
the two temperatures may be kept equal at all 
powers ; in this case, they tend to rise slightly as 
fuel is reduced, which would be undesirable. 


Secondly, the inlet temperature to the high-pressure e. 


turbine may be held constant ; in this case, it was 
found that the low-pressure turbine temperature 
tends to increase slightly. The third possibility is 
to maintain the low-pressure turbine temperature 
constant, in which case the high- ure turbine 


temperature does fall slightly, but surging com- $ 


Fig.10. 
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mences at about the same point as in the arrange- 
ment with a single combustion chamber. 

If, however, the plant is designed so that the 
second combustion chamber is not in operation at 
full power, the chamber may be used to give greater 
flexibility of control and to avoid surging at reduced 
powers. The procedure for calculating the operat- 
ing line is given below. The detailed calculations 
are set out in Table IV and the operating line is 
plotted in Fig. 8. 

The design particulars for this plant are exactly 
the same as the previous one, the low-pressure com- 
bustion chamber only being used at reduced powers. 
The first part of the operating line, therefore, is the 
same as for the previous plant. The procedure for 
determining the second part of the operating line 
is given below. 

1. Draw in the desired operating line on the compres- 

sion characteristics, such as CD in Fig. 8. 

2. Select a value of compression pressure ratio rz, and 

read off the corresponding mass-flow. 

3. Read off ¢ trom Fig. 5, and hence calculate W, = Wy. 

4. Assume a value of low-pressure pressure ratio ry, 

and hence calculate Pi, = 14-7 x ry. 

. Calculate Ag. 

- Read off rg from Fig. 2, page 602. ante. This 
should be the same as the value assumed in stage 4. 
Having achieved this, proceed as follows. 

7. Read off ¢y from Fig. 4, page 602, ante; hence 

calculate Ti. 


8. Calenlate ray = — 


9. Caloulate Piy, = 14-7: x re. 

10. Read off Y trom Fig. 4; hence calculate T1,,. 

11. Read off from Fig. 2; hence calculate W jz. 

12, Sufficient information is now available to calculate 
the efficiency. A check should be made at low- 


Qa 





Pressure ratios to ensure that the high-pressure 


turbine inlet temperature is not lower than the 
compressor discharge temperature, or the tempera- 
ture at exit from the heat exchanger, if one is 
employed. 

From A to C power is reduced by reducing the 
high-pressure turbine temperature. At C, the low- 
pressure combustion chamber is brought into 
Operation, and reduced powers are obtained by 
simultaneously increasing the low-pressure turbine 
temperature and further reducing the high-pressure 


TABLE IV.—Series Flow with High-Pressure Power- 
Turbine and Two Combustion Chambers. 





Ra. ose ce ke = a 2-0 
M, per cent. tl te oo} 61-8 50-0 
ote ae eee] 2407 18-1 
We. O.HLU. ‘per sec. +] 1,526 905 
Mics con | sas *, GR Tp Ae 1-55 
Py, Ib. per sq. in. ° es} 25°12 21°75 
Ay ... eos oe eee ---| ©-01885) 0-0136 
> I Se eS wf 1-715 1-55 
2 du" sca 4 Ree.) 2 0-738 
Tig, deg. K. ess ews aed 814 816 
The - 1-462 1-290 
Pine Ib. per sq. in. wf 36°75 29-4 
ont af. ie i 0-607 
Tipp dee. EK... ‘ee S 801 582 
nae +] 00108 0-0054 
Why, 0.H.U. per seo. 1,078 426 


Compressor discharge temp., T.. 
deg. K. i 396 368 
Heat supplied in ‘hp. combus- 


tion chamber, C.H.U. per sec. 6,310 2,620 
ATpy, deg... ... te <a 67 35 
Try dee. K.  ... | 734 547 
Heat supplied in l.p. combustion 

chamber, C.H.U. per sec. «| 1,800 3,470 
No (no heat exchanger) ... oot, 14-2 7:0 
ph ee eae a 94 69 
T sy, deg. K. ove os ens 720 747 
Heat regained... of «9,485 2,300 
Ne (with heat exchanger) «| 20°8 11-2 
Power, per cent. . 42-4 16-7 
Air temp. leaving heat ox: 

changer, deg. K. ast wd os 558 











turbine temperature, the operating line being C D 
on Fig. 8. In this way, power may be reduced until 
no more fuel is being supplied to the high-pressure 
combustion chamber. The temperature at the inlet 
to the high-pressure turbine is now the compressor 
discharge temperature, or the air temperature leav- 
ing the heat exchanger if such is employed. Witha 
heat exchanger of 50 per cent. thermal ratio, power 
may be reduced to about 16 per cent. of full power, 
and this could be reduced still further if no heat 


exchanger were used. 


A further slight reduction in power may be- 


obtained by reducing the low-pressure turbine tem- 
perature until surging is imminent. After this 
point has been reached, further reduced powers can 
only be obtained by by-passing the high-pressure 
turbine. Efficiencies are shown plotted in Fig. 10, 
herewith. 

The fourth case is that of the parallel-flow 
arrangement, in which there are three possible 
methods of control. These are, firstly, equal 
temperature at inlet to each turbine, which is 
equivalent to a plant with a single combustion 
chamber. Secondly, there is the constant com- 
pressor-turbine inlet temperature, with varying 
power-turbine temperature ; and, thirdly, constant 
power-turbine temperature with varying compressor- 
turbine temperature. 

The procedure for calculating the operating line 
for the first of these alternatives is as follows. 

Design Particulars. 

W, = 4,028 0.H.U. per second = Wg. 

Ma = 61-2 percent. 

Myt = 38-8 per cent. 

Ca = 1,091. 

Cy = 438. 

1. Select a value of the pressure ratio r. 

2. Read off % from Fig. 5, and A from Fig. 2. 

3. Calculate P, = 14-7r. 1 

oP? 

4. We = Meh = Wa Ma 

Since the inlet temperatures and pressure ratios 
are equal for both turbines, the mass-flows will be 
in the same ratio as at the design condition. 

Therefore 








Mg = 0-612 Mg, 
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and. 
ir CPi A 
Me 0-688 y 
5. Read off ¢ from Fig. 4, hence T,,4= 
6. Wg, can now be calculated, and sufficient informa- 
tion is available to calculate the efficiency. The 
calculations are given in Table V, herewith. 

The operating line is the line AC in Fig. 9, 
page 625. If continued, this line would intersect the 
surging line. Operation from C to D may be obtained 
by reducing the power-turbine temperature. The 
procedure for calculating this part of the operating 
line is as follows. 

1. Draw in the desired operating line CD on the 

compressor characteristic, Fig. 9. 

2. Select a value of compressor pressure ratio r and 

read off the corresponding value of the mass-flow 


Hence Mo, Me and My. 


Me. 
. Read off # from Fig. 5, and hence calculate W,= 


Ww 


We- 
. Calculate P, = 14-7 x r. 
. Read off A from Fig. 2; hence calculate Mg. 
. Calculate My = M, — Mg. 
Read off ¢ from Fig. 4; hence calculate Ti,, and 
Ti.,- 
Wey can now be calculated, and sufficient informa- 
tion is available to calculate the efficiency. 


3 Qae 


A check should be made at low pressure ratios | 4¢ 


to ensure that the power-turbine inlet temperature 


TABLE V.—Parallel Flow with Equal Inlet Temperatures 
to Both Turbines. 





e. ven ee = ool 8°5 3-0 2°5 
¢ oo me oa «| 85°65 | 30°5 24-7 
rs ae aa ...| 0-0584) 0-0500] 0-0399 

P;, Ib. per sq. in. ... e-| 51°4 44-1 36-75 
Me, per cent. dou ee] 87°7 75°4 62-4 
F aac titiaae | 53°65 | 46-1 38-15 
¢ ..-| 0-946 | 0-928 | 0-899 
Tie ' a ‘deg. x coches uy Oe 861 815 
Wot C G. per 1,985 | 1,455 974 
Compressor pean 

temp., T;, deg. K. oe 420 396 
Heat supplied, C.H.U. per 

Bec, ...| 10,400 | 8,480 | 6,690 
ng (no heat exchanger) ee] 19-1 17-2 14-6 
ATy:= Ave a 187 152 
T;, deg. K. aa .--| 680 674 663 
T;— Ts deg. ais poop! ae 254 267 
Heat regained .| 2,520 2,320 2,020 
Ne (with beat exchanger) . 25-2 23°5 21-0 
Power, percent. ... ool t0°e 57-0 38-2 














TaBLE V1I.—Parallel Flow with Unequal Turbine Inlet 





Temperatures. 
F ) igi dee ~~ ie ov 2-0 1-80 
M, per cent. ee sabe ---| 50-0 44-0 
oe. é eval, Aan 15:2 
We, C.H.U. ‘Der sec. a Wa dus 905 669 
P,, Ib. per sq. in. “ff ---| 29-4 26-46 
A bin do 0 -0272 0-0213 
Met,’ per cent. 28-35 24-3 
My, a 21-65 19-9 
Sed ae ae 0-844 0-808 
Tig deg. K pa ~~ = 836 845 
» deg. K. el aa ay 577 505 
Woe, O.H. U. persec. ... bee 476 328 
T,, deg. K. 368 356 
Heat supplied, C.H.U. per sec. 4,490 3,756 
Ne (no heat gr se a A 8-7 
AT, deg.C. ... 3 a 120 103 
AT yt, deg.C. ... tei ing 87 67 
Tay deg. K. =e ae ied 716 742 
Tapp dee. K. ‘0 490 438 
Gas temp. entering heat ex- 
changer, T,, deg. K. es 618 608 
Airtemp. leaving beat exchanger, 
deg. K. 493 482 
Heat regained, o.H. U. per sec.. 1,520 1,340 
No (with heat exchanger) «| 16-0 13-6 
Power, per cent. . iit eee] 18°7 12-9 











is not lower than the compressor discharge tempera- 
ture or the temperature leaving the heat exchanger, 
if one is employed. Calculations are given in 
Table VI, herewith. 

With this method of operation, the compressor- 
turbine temperature rises slightly above its value 
corresponding to C (815 deg. K.). At D, the power- 
turbine combustion chamber ceases to operate if 
a heat exchanger of 50 per cent. thermal ratio is 





employed ; ; but, if no heat exchanger is incor- 

porated in the plant, operation may proceed 

beyond D. The power at the point D is about 

13 per cent. of full power. A further reduction may 

be obtained by reducing the compressor-turbine 

temperature until surging is imminent, after which 

the power-turbine must be by-passed to atmosphere. 
The method of calculating the operating line for 

the second control system is as follows. 

- Select a value of the pressure ratio r. 

Calculate P, = 14:7r. 

- Read off jeg from Fig. 3; hence calculate Wg = We. 


- Read off ¥% from Fig. 5 ; hence calculate M, = ~°, 


. Read off ¢ from Fig. 4; bence calculate My. 

- Hence calculate My; = an Meg; hence T4 

. Read off ge from Fig. 3; hence Wy. ” 
Note that y,, and y,, will have ‘slightly differing 
values because of the great difference in inlet 

==, pane ae The calculations are given in Table 


=oo - whe 


TaBLE VII.—Parallel Flow; Constant Compressor- 
Turbine Inlet Temperature. 





aeee ods oud eel 3°5 3-0 2-5 
P,, Ib. chs oe!5.. w+ 51-4 44-1 36°75 

| 0-0618| 0-0540) 0-0444 
Wea. O.H.U. per sec. = We 3,190 | 2,390 | 1,637 
y .-| 35°65 | 30-5 24-7 
Mg, per cent. ogo), ont SOS 78-3 66-2 
¢ Sip ae .--| 0-946 | 0-928 | 0-899 
Meg, per cent wee] 52°85 | 44-5 35-9 
Myy, per cent ...| 36°55 | 33-8 30-3 
T),,,, deg. K. * sol FB 640 521 
pigt o> ai ees > eel 00616] 0-0537] 0-0441 
See ar oe ---| 1,846 | 1,255 115 
T,, deg. K.. | 442 420 396 


ee supplied, Cc. H. v. per 
9,660 7,640 5,800 


Bho heat exchanger) ool 19-1 16-4 13-4 
A Tq, deg. C. So Bet 223 200 170 
A Tg, deg. C. sad awk 194 146 103 
Tset deg. K. ak! We 1908 123 153 
Tage. deg. K. b 4 581 494 418 
Gas temp. entering heat 

exchanger, T,, deg. K. ... 652 625 600 
T, — Tg, deg.C. ... J 210 205 204 
Air temp. leaving heat 

exchanger, deg. K. cai 547 522 498 


Heat regained, C.H.U. per 


sec. w. see .+-] 2,270 1,940 1,630 
No (with heat exchanger) ...| 25-0 22-9 18-6 
Power, percent. ... ee] 72-4 49-2 30-4 














The operating line is the line A Bin Fig. 9. The 
calculations showed that the efficiencies at reduced 
powers are lower than the previous method, so the 
rest of the operating line was not investigated. 

The third method of control is not suitable, since 
the compressor-turbine temperature tends to rise 
if the power turbine temperature is kept constant 
at reduced 

Of the various plants investigated, it is seen that 
three can be discarded immediately. The simple 
cycle is shown to be only of use if a variable-pitch 
propeller or direct-current electric drive is used. 
The two series-flow arrangements in which a low- 
pressure combustion chamber is used as a reheater 
are impracticable. It should be noted that a 
variable-pitch propeller or direct-current drive are 
only of assistance in avoiding surging in the simple 
cycle ; in all the other plants considered, tendency 
to surge is independent of any relationship between 
power and revolutions of the power turbine, since 
this is not coupled to the compressor. 

The remaining three systems are all passible 
forms of plant which are capable of being operated 
over a wide range of powers without surging of the 
compressor taking place. From this point of view, 
the series arrangement with a low-pressure power- 
turbine appears to be the best; in the case of the 
high-pressure power-turbine and the parallel-flow 
arrangements, the operating line tends to approach 
closely to the surging line at low powers. From 
the point of view of efficiency at reduced . powers, 
there seems little to choose between the low- 
pressure power-turbine and the parallel-flow arrange- 
ments, but the efficiency of the high-pressure power- 
turbine system is very poor below about half-power. 





This would be a great disadvantage for naval 
purposes, 


The control of the low-pressure power-turbine 
system would be the simplest of these three, the 
other two arrangements both having two com- 
bustion chambers which have to be controlled 
separately. Furthermore, the low-pressure com- 
bustion chamber of the high-pressure power-turbine 
plant is rather an uneconomic component, since it 
only comes into operation below about half power. 

Both series-flow arrangements suffer from the 
disadvantage ‘that both high-pressure and low- 
pressure turbines must be designed for the full 
mass-flow of gas from the compressor; in the 
parallel-flow arrangement, on the other hand, each 
turbine only has to handle a part of the full mass- 
flow. This would be a great advantage in a plant 
for large output, where size of rotors is a major 
consideration in the design. In both series-flow 

arrangements, care would have to be taken in 
idptieg the ducting connecting the two turbines, 
so that the kinetic energy in the exhaust of the 
high-pressure turbine is not wasted. This would 
be very difficult in the case of the high-pressure 
power-turbine arrangement because of the low- 
pressure combustion chamber. 
On the whole, it would appear that the arrange- 
ments most likely to be preferred are the series-flow 
plant with low-pressure power-turbine and the 
parallel-flow arrangement, with a bias in favour of ° 
the latter for large-size plant. Future developments 
in search of high efficiencies will undoubtedly take 
the line of more complicated cycles, -with inter- 
cooling and reheating. Intercooling could be applied 
to any of the above cycles, and would produce a 
gain in efficiency ; but reheating, as is shown, leads 
to difficulties in operation. 





LITERATURE. 


The Shipbuilding Business in the United States of America. 

Edited by Prorgssor F. G. Fassett, jun. Two vols. 

The Society of Naval Architects and Marine Engineers, 

29, West 39th-street, New York 18, U.S.A. [Price 

12.50 dols. post free in U.S.A.; 13.75 dols. elsewhere.] 

Twice in the short space of less than 30 years, the 

vast productive resources of the United States have 

been harnessed to the task of expanding the coun- . 
try’s shipbuilding industry to an extent without 
parallel elsewhere in the world so as to make- 
possible the maintenance of a war effort in Europe 

that could not have been sustained by any other 

means. It would be more correct, perhaps, to say 

that it could not have been sustained indefinitely, 

for the 1914-18 war was virtually over before the’ 
effect of American shipbuilding production had 

time to exercise any decisive influence ; the output 

in 1918 was 714 merchant ships and 180 naval 

vessels, but many of these were not completed 

before hostilities ceased, and comparatively few 

were put into service before the Armistice. In the 

war of 1939-45, however, the situation was different ; 

the war effort of the Allies in Europe and the 

Pacific, in the later years of the conflict, de 

much more crucially on the products of the American 

shipyards, which, in the peak year of 1943-44 

(to June 30, 1944), turned out 2,505 merchant 

ships, of more than 10,000,000 tons gross, in addition 

to naval tonnage. Such a record deserves to be ade- 

quately documented as a productive effort, quite 

apart from its military significance ; and historians, 

economists and shipbuilders alike should therefore 

welcome and study carefully the wealth of statistical 

and other data that have been gathered in these 

two volumes by Professor Fassett, of the Carnegie 

Institution, Washington, and his band of highly- 

qualified contributors. Nothing so comprehensive, 

so far as we are aware, has been undertaken in any 

other of the belligerent countries and—without 

belittling the efforts of the British shipbuilding 

industry, which probably equalled or even exceeded 

the American output on a basis of gross tonnage 

completed per head of the personnel employed— 

it is unlikely that any shipbuilding industry 

elsewhere could have provided a history that 

would be directly compirable. The value of 
these volumes is mainly historical and their interest 

to thé economist is likely to be greater than to the 








peace-time shipbuilder, who is much more concerned 
to cut his coat according to his cloth than the United 
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States Maritime Commission and their associated 
Government departments needed to be. The only 
way to indicate their scope is to list the various 
specialists’ contributions, but it should be remarked 
at the outset that the titleh—The Shipbuilding Busi- 
ness—strictly describes the nature of the work and of 
its approach to the subject ; it is a review of United 
States shipbuilding considered almost exclusively as 
a business, of which the end product is ships. 

The first volume comprises seven chapters, each 
self-contained. Chapter I is by Professor James W. 
Culliton, of Harvard University, and deals with 
“Economies, and Shipbuilding” on broad lines, 
using the.case of the United States industry rather 
as an illustration than as the basic subject. Then 
follows a fairly detailed study by Professor John 
G. B. Hutchins, of the Faeulty of Economics at. 
Cornell, of the ‘‘ Hi and Development of Ship- 
building, 1776-1944,” which, as the earlier date 
indicates, is concerned primarily with United States 
shipbuilding. Mr. H. Gerrish Smith and Mr. L. C. 
Brown, of the Shipbuilders’ Council of America, 
contribute Chapter ITT, on “‘ Shipyard Statistics,” an 
exhaustive survey of both mercantile and naval sides 
of the subject. which will certainly rank as a per- 
manent source of reference. Chapter IV, on ‘“‘ Ship- 
yard Layout,” is in three parts, the first, by Mr. 
John F. Metten, chairman of the New York Ship- 
building Corporation, dealing with the ‘‘ standard ” 
yards ; the second, by Mr. Harry Gard Knox, with 
the ‘“‘ multiple ” t is, the war-time 
emergency yards, which assembled ships rather than 
built them ; and the third, by Captain Philip Lemler, 
U.S.N., comparing the ioning of the two types 
of establishment. Chapter V, on “‘ Shipyard i- 
sation,” 2lso deals separately with the “‘ standard ” 
yards—those which built ships in normal times—and 
the multiple yards, Mr. Arthur B. Homer, of the 
Bethlehem Steel Company, discussing the former 
and Mr. W. Carleton Ryan, of the California Ship- 

ilding Corporation, the latter type. ‘ Labour in 
Shipbuilding” is the subject of Chapter VI, by 
Mr. Joseph Wright Powell; and, in Chapter VII, 
“Shipyard Wage Systems,” Mr. Henry H. Troger 
deals with “‘ The Case for the Day’s Rate System,” 
and Mr. J. W. Nickerson examines “‘ The Case for 
the Wage Incentive System.” 

Vol. IT contains eleven chapters, most of which 
relate to some function of management. In 
Chapter I, on “Proposals and Contracts,” the 
procedure of the United States Navy, the Maritime 
Commission and ordi commercial undertakings 
is discussed by Mr. Warren McLaine, Mr. R. Earle 
Anderson and Mr. Cletus Keating, respectively. 
Captain J. E.. Hamilton, U.S.N., is the author of 
Chapter II, on “ Planning, Designing and Schedul- 
ing”; and Mr. V. C. and Mr. C. H. 
Bateman, both of the Bethlehem Steel Company, 
jointly contribute Chapter III, on “Cost Esti- 
mating,” Chapters IV to VII continue the review 
of shipyard financial administration, their subjects 
and authors being “ Production and Material 
Control ” (Mr. W. E. Blewett, junr., and Mr. John R. 
McChesney), ‘‘ Procurement and Storekeeping ” 
(Charles R. Holton), “‘ Shipyard Cost Keeping and 
Cost Accountancy” (William B. Ferguson and 
Bert V. Tornborgh), and “Corporate Accounting 
and Management Controls” (Marvin F. Pixton); 
two of these authors, Mr. McChesney and Mr. 
Ferguson, are engineers. In Chapter VIII, on 
“*Marine Insurance,” Mr. R. R. Dwelly deals. with 
builders’ risks and Mr. Gilbert B. Oxford with ship 
repairers’ liabilities. “‘ Classification Society Rules, 
and Interconnection of Government and the Ship- 
ping Industry ” (Chapter IX) are surveyed by Mr. J. 
Lyell Wilson, research director of the American 
Bureau of Shipping ; and, in Chapter X, Mr. Walter 
E. Thau deals with “ Inspection and Guarantees.” 
Finally, in Chapter XI, there is a ‘‘ Comparison of 
Shipbuilding and Ship-repairing Procedure,” by 
Rear-Admiral Timothy J. Keleher, of the Todd 
Shipyards Corporation, and Rear-Admiral F. G. 
Crisp, U.S.N. The complete work has been prepared 
under the direction. of a Control: Committee con- 
sisting of six members of the Society of Naval 
Architects and Marine Engineers. The practical man 
may wish that.more attention had been given to the 
actual building operations, even at the expense of 
some of the accountancy ; but these details are on 





record elsewhere. The book is not. a treatise on 
naval architecture, but it is a most valuable record 
of a unique achievement. 





Scientific Instruments. II. Edited by H. J.. Cooper, 
B.Sc., A.M.I.E.E. Hutchinson’s Scientific and Tech- 
nical Publications, 47, Princes-gate, London, 8.W.7. 
(Price 30s.) 

THE previous volume of this work on scientific 

instruments, edited by Mr. Cooper and published 

in 1946, enjoyed a considerable success and this 
second volume, compiled on similar lines, is assured 
in advance of a good reception. The wide interest 
aroused by the scientific achievements of the later 
war years has induced a corres ing desire among 
the technically-minded to rstand at. least the 
elementary principles of the apparatus developed 


for war purposes, and perhaps to learn something | this 


of its peace-time applications. A conscious attempt 
to fulfil something of both these objectives is 
discernible in the present volume ; the section on 
optical instruments, for instance, describes infra-red 
seeing devices and cameras for photogrammetry, 
while that on navigation ranges instructively from 
methods of artificially eclipsing the sun to precision 
time measurement. Compensating for a noticeable 
paucity of electrical apparatus in the first volume, 
Vol. If exemplifies the importance of radio in air 
navigation, meteorology and mi record- 
ing, besides devoting two sections to electrical and 
electronic instruments. By a somewhat liberal 
definition of the term “instrument,” a selection of 
the commoner machines for mechanically testing 
metals and textile materials is described, while 
instructive, if brief, accounts of ship-model tanks, 
cavitation tunnels and wind tunnels include refer- 
ences to new methods of experiment as well as to 
older and better-known accessories. A useful final 
chapter surveying the kinematics of design and 
the methods of manufacture of accurate scientific 
instruments is preceded by a simple analysis of 
computing apparatus, in which the emphasis is on 
the principles underlying typical machines rather 
than on the mechanical or electronic minutiz of the 
statistical and strategical devices now in use or 
being developed. The introductory character of 
these sections seems to indicate Mr. Cooper’s inten- 
tion to deal at greater length with various types of 
scientific equipment in a subsequent volume. There 
is certainly no lack of scope. for amplification in 
several subjects that so far have been only lightly 
touched upon, and the resources of the various 
expert contributors under Mr. Cooper’s general 
editorship have by no means been exhausted, as is 
evident from the bibliographies appended to each 
chapter. 





BRITTLE FRACTURE IN 
MILD-STEEL PLATES—III.* 
(Concluded from page 606.) 


Dr. S. A. Mary wrote, in amplification of his brief 
remarks in the general discussion which concluded 
the Conference on Brittle Fracture in Mild-Steel 
Plates, that it had been said that the discussion 
had been entered into with the steel already con- 
demned as the prime cause of the catastrophic 
failures in these ships. He was not altogether 
convinced by the reasoning which had led to this 
conclusion. While the quality of the steel, as 
in any other application where the safety of lives 
was concerned, should be carefully safeguarded, 
he felt strongly that more could be done by attention 
to structural and constructional details. The sight 
of such very brittle fractures certainly made it 
difficult to escape the idea that the steel was 
inherently brittle, but such a notion could be 
fallacious. Before fatigue was as well understood 


‘as it is now, fatigue fractures were often wrongly put 


down to brittleness. Mild steel of any reasonably 
good quality was naturally ductile. It could only 
be made to display brittle characteristics by i i 
conditions which restricted its natural freedom of 
flow under stress. Under sufficiently restrictive 
conditions against flow, the steel must resort to the 


* Part II appeared in the previous volume, and Part I 
in vol. 164 (1947). 





only alternative left to it, namely, its cohesive 
strength. In that case, fracture, when it occurred, 
was necessarily quite brittle. It had thus been 
possible in the laboratory to reproduce at any time 
these catastrophic fractures, which were therefore 
not new or strange. The restrictive conditions 
to achieve them had been well brought 

out in the discussion. They were either notches or 
sharp angles, certain features of geometry: of the 
specimen or member, rigidity imposed by combina- 
tion with other members, low temperatures, high 
rates of stressing, internal stresses or combination of 
these. The point was that, in mild steel of ordinary 
good quality, conditions in these respects had to be 
icularly severe before the critically brittle 

ure could be uced. His. first. reaction, 
therefore, on being with a service fracture of 
is kind, was rather to explore the operating 


Realising that possibilities of providing freedom of 
flow for the steel in ship design were circumscribed, 
could it be said, nevertheless, that this had been done 
to the fullest possible, or even to a reasonable extent ? 
Had explorations also been made of the state of 
stress in the plates of representative ships ? Such 
information as wae available at the meeting was 
not reassuring. He referred to Figs. 64, 65 and 66,* 
where, in Plate No. 3, freedom of flow appeared to 
be very much restricted by its being tied rigidly to a 
framework of girders, specially if locked-up stresses 
had been introduced in fabrication. In Professor 
Baker’s paper, the possibility of stresses imposed in 
welding extending very far from the welds them- 
selves was rather dismissed. The great length— 
apparently about 7 ft.—of the crack in this Plate No. 
3 was for this reason considered unaccountable, 
except by indicting the steel. Was it certain, 
however, that locked-up stresses, if of any consider- 
able magnitude, could dissipate themselves in a 
structure such as this except ovet a distance of 
several feet from restraining members? It was 
stated, indeed, only a little lower down in Professor 
Baker’s paper, that, in the early prefabricated ships, 
considerable force was necessary to bring the struc- 
tural units together, and it was suggested that this 
might well develop high initial stresses over the 
whole cross section of the ship. It would be useful 
to know whether the S.S. Samzona, from which 
Plate No. 3 was taken, was one of these early ships. 


The circumstances with regard to Plate No. 2 
were rather different. Ifthe writez’s reading of the 
drawing were correct, then, before failure, the mate- 
rial of this plate was held rigidly against internal flow 
by its attachments, both to the upright pillar and 
to the horizontal members of the structure. It was 
not surprising, therefore, that the crack when formed 
was @ brittle one. As soon, however, as the crack 
was sufficiently developed and the horizontal attach- 
ment broken, freedom of flow was established in the 
material on the side of the crack remote from the 
pillar; on the side adjacent to the pillar, restraint 
would be maintained by the pillar. Incidentally, 
change in the character of the fracture as it pro- 
gressed was therefore only to be expected, as well as 
the contrasting structures on the two sides of the 
crack. These considerations did not take account of 
the criticism, in the Report itself, of the structure in 
another respect, that is, in the discontinuity caused 
by the brow plate being stopped in way of the 
pillar. Such a feature, in its operation as a stress 
raiser, must surely be an important contributory 
cause in actually promouing the starting of the crack. 

It would appear that crudities of design methods 
still existed. Progress along that line was very 
desirable. Ways and means by which this might be 
accomplished were, in fact, suggested. The reason- 
ing in the Report by which it was concluded that the 
steel must take a large share of the responsibility for 
the failures, while constructional factors were debited 
with a merely contributory influence, appeared to 
him a largely theoretical one for which it was 
admitted an experimental basis was lacking. 
The contrary evidence provided by. more direct 


imposing | information was too readily minimised. 


suggesting that more attention might. profitably be 
paid to structural and constructional. features, he 
would be the last to discourage safeguards as to the 








* ENGINEERING, vol. 165, page 593. (1948). 
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quality of the steel. The critical brittle fracture 
could undoubtedly be imposed on some plates more 
readily than on others. 

In so far as the introduction of a notch into the 
tensile test-piece operated to cause restraint against 
flow of the material by shear, Mrs. Tipper’s test was 
certainly a good one from which to judge propensity 
of the material to brittle failure under service 
conditions. He preferred that outlook on the 
merits of the test rather than the suggestion that the 
notch represented the kind of imperfection found 
in a welded ship. If that were really so, an inspec- 
tion of the various figures in Dr. Tipper’s paper 
showing the kind of notch used to produce brittle 
fractures was surely a condemnation of the con- 
structional methods. The difficulty was to adjust 
the severity of the test so that, in a steel plate which 
survived it, the prospect of service failure was 
sufficiently remote. The explorations to that end 
should involve the salutary principle of including 
specimens from plates which had given satisfactory 
service, as well as those which had failed. This 
appeared to him an important omission in the 
investigations so far. 

His view was that a standard test was not 
practicable at the present time, since the range of 
service conditions could transcend any differences 
in such quality among plates produced under what 
were regarded as satisfactory manufacturing con- 
ditions. He was not defending those rather inferior 
plates which had come to light in this investigation 
and which, on the score of analysis or cleanliness, 
should have been eliminated as outside the ordinary 
specification. Even the Izod test, ordinarily 
regarded as rather severe, did not, in Mr. Barr’s 
tests, produce fractures of the catastrophic type, 
except possibly in such inferior plates. Meanwhile, 
he could support from experience the suggestion of 
Mr. Barr that the necessary tenacity was better 
obtained by keeping up the manganese content of 
the steel. If low temperatures were proved to be an 
important factor in the failures, the addition of a 
small portion of nickel to the steel should, subject 
to economic considerations, be advantageous. 

Mild steel was an excellent constructional material. 
In none of its kind investigated—including those 
involved in the service failures—was its natural 
ductility as displayed in the tensile test brought 
into question. In conditions suited to its properties, 
but used with due regard to its natural limitations, 
it had given, and would continue to give, good 
service. It was remarked in Professor Baker's 
paper that capability for plastic flow of a ductile 
material was a great comfort to structural de- 
signers. The ductile material was available but 
such virtue should not be presumed upon too far. 

Dr. H. A. Dickie wrote : Mr. Barr has shown that 
increasing the manganese content produces a useful 
effect, but it is seen from his results, and the results of 
Dr. Tipper, that this step is, in itself, insufficient. 
The reason for the improvement produced by man- 
ganese may be connected with the portion of that 
element which enters into substitutional solid 
solution in the steel. It appears from known data 
that most metallic elements having atomic sizes 
which allow their atoms to enter into substitutional 
solid solution in the iron—for example, nickel, 
copper, chromium (in excess of the amount required 
for the carbide)—improve the low-temperature 
impact strength even to the extent, in nickel- 
chromium austenitic steels, of making the steel 
wholly tough at all temperatures. 

Elements which have sufficiently small atoms to 
dissolve in the iron interstitially (for example, 
hydrogen, carbon, and nitrogen) may cause brittle- 
ness under various circumstances or conditions. 
Factors which decrease the solubility of these inter- 
stitial elements, such as the addition of certain 
substitutional elements, or cold-working, may in- 
crease or initiate the embrittlement, which may also 
be caused by supersaturation by quenching followed 
by ageing. Those substitutional elements, which 
intensify the effects produced by the interstitial 
elements, appear to be, in general, the non-metallic 
elements, like phosphorus or silicon, but aluminium 
in insufficient quantity, and possibly other metallic 
elements, may act in a similar way. Refining the 
grain size by heat-treatment, rolling or alloying 
improves the low-temperature impact strength. 





Excess aluminium, in addition to refining the grain 
size, also fixes the nitrogen in an insoluble or inactive 
condition, an effect which can also be brought about 
by sufficient additions of a number of other elements, 
for example, titanium or silicon. 

Dr. Tipper’s demonstration of the particularly 
good impact properties of a rimming steel at low 
temperatures is interesting and supports many results 
which show that good-quality open-hearth rimming 
steel is superior to many killed mild steels, in initial 
softness, resistance to work-hardening effects and 
strain-ageing. Killing this same metal with silicon 
or with insufficient aluminium would be expected 
to impoverish the properties, but further addition 
of sufficient alloy element to fix the nitrogen would 
improve the properties again, possibly to a standard 
as good as, or better than, the original rimming 
steel. The good results of this rimming steel indicate 
that oxygen is not important and that the nitrogen 
in the steel is below the figure which would give 
brittleness in the non work-hardened condition. 
The results also suggest that pure iron would not 
be susceptible to this form of brittleness. 

These remarks may be sufficient to indicate that 
some connecting links between atomic theory and 
practical results do exist. They may also indicate 
that a complete explanation of the brittleness would 
follow investigations into the crystallographic and 
atomic aspects in conjunction with mechanical 
tests. On the practical side, it may be of interest 
to mention that the Pluto steel pipe-line, which was 
joined together Ly flash-welding the ends of piping 
and was subject to cold-bending and restraightening 
as well as service stresses, was made of fine-grained 
mild steel with restricted limits on the unwanted 
impurities. This was probably a key factor under- 
lying the success of the enterprise mentioned. 

Dr. J. H. Whiteley wrote : During a long experi- 
ence in the manufacture of mild and dead soft steels, 
I have met with numerous instances in which this 
materia], normally ductile, has broken in such a 
brittle manner that it almost resembled plate glass. 
Time and again this problem has called for investi- 
gation, but I could make no progress owing to 
the lack of a satisfactory method of reproducing 
that brittleness in the way it occurred in service. 
The notched-bar impact test was the only one 
available and of that I was, and still am, doubtful 
as to whether it will indicate with certainty mild 
steel which is liable to be brittle. For one thing, as 
rolled plates and sections § in. thick and upwards 
generally give a crystalline fracture when tested by 
impact and yet, when welded together, mild steels 
of that description, made in this country, very sel- 
dom crack in the manner shown by Mr. Adam in his 
paper. Again, the impact test depends on the 
presence of a notch, but I have seen cases of extreme 
brittleness where no cracks in the steel were dis- 
coverable. One of the best examples was that of 
solid-drawn 1 in. tubes made of dead soft steel 
with a low phosphorus content. So brittle were 
they that a blow with a sledge hammer was sufficient 
to smash them into fragments. This extreme 
brittleness could not be attributed to surface 
cracks, for when I cut a longitudinal slot through 
lengths of the tubing adjacent to the broken parts 
the pieces could be hammered flat without showing 
any sign of fracture. Strips cut longitudinally 
could also be bent through 180 deg. with equally 
good results ; in fact, when once the internal stresses 
had been relieved by cutting the slot, the steel 
proved to be very ductile and perfectly sound. 
In my opinion, another drawback to the notched-bar 
impact test is that some degree of bending is required 
to produce a fracture, whereas brittle fractures can 
occur in steel plates without any appreciable bending 
taking place. For these reasons, I consider the 
notched tensile test which Dr. Tipper has used 
approaches much nearer to the one required. It 
should give some very useful information, but I 
would remark that, under this test, even the worst 
steels show an appreciable extension before fracture, 
while in a welded structure the plate may crack 
with no apparent elongation. 

The most frequent examples of brittleness in mild 
steel I have encountered have occurred when 
sheared plates, $ in. and upwards in thickness, were 
being flanged cold. Even when the edges where 
the bend is to be done have been well rounded 


with a file, a plate will sometimes suddenly crack 
in two from end to end and, occasionally, at the 
very outset. Invariably, the fracture is i 
throughout the length of the plate, which may be 
20 ft. or more, and the workmen thus get the 
impression that the steel is hard and brittle. That 
such is not the case I have demonstrated again and 
again simply by filing or grinding away 7; in. or 
so from the sheared faces of a broken half, in addition 
to bevelling the edges, and then flanging the length 
in the same machine. Almost without exception, 
the plate when so prepared would then bend through 
an angle well beyond that required without any 
sign of rupture, much to the surprise of the workmen. 
In my experience, an edge which has been tinted blue 
in shearing is in the most dangerous condition for 
flanging, especially when a protruding lip is also 
present. That mild steel can be very brittle when 
worked at a blue heat has long been recognised. 
To demonstrate this, on one occasion, I cut strips 
about 9 in. long and 1 in. wide from a plate } in. 
thick which had broken in flanging, and reduced 
them to # in. in thickness under a steam hammer, 
leaving about 1} in. untouched at the ends. Some 
of the strips were done cold, care being taken that 
they did not rise above 100 deg C. One or two 
of these were then heated until they had acquired: 
a blue tint, while other strips were first heated 
to that extent and hammered in that condition. 
All were shortly afterwards bent at room tempera- 
ture. Those not heated broke gradually with a 
fibrous fracture at an angle of about 90 deg., whereas 
the blued ones snapped at a much lower angle, emit- 
ting a nasty grinding sound just before fracture. 

Some years ago, my attention was drawn to 
another instance of severe brittleness, due apparently 
to the same cause. Sheeting was being fastened 
to the roof of a building with galvanised hook-bolts, 
and many of these when bolted in position were 
snapping near the centre of the bend. On inspection, 
I found that the hooks which broke had been slightly 
indented when cold on the inner side of the bend 
before galvanising. As an examination under the 
microscope of several unused hooks failed to reveal 
the presence of even minute cracks in them, I 
attributed the failures to blue brittleness produced 
in the indentures as a result of galvanising. Ishould 
add that the steel contained 0-08 per cent. of carbon 
and was low in phosphorus. The degree to which 
blue brittleness can be exhibited seems to vary 
considerably in different mild steels, and I think 
that peculiarity should not be overlooked in the 
present inquiry since, during welding, some portion 
of the steel reaches the temperature range where 
blue brittleness is liable to occur. Even a small 
amount of distortion by cold work will increase 
blue brittleness, and, for that reason especially, 
I consider it advisable, before welding sheared steel 
plates, to plane the edges to a distance of at least 
one-half the plate thickness so as to remove the 
cold work due to shearing. 


Summary By Dr. A. MoCance (CHamman). 


The reason for this Conference was to find out, 
by just such a discussion as we have had, lines for 
future investigation. Various speakers have made 
suggestions, and I wish to indicate what, to my 
mind, are the lines which have been indicated for 
further investigation. 

The first is to what extent is this temperature- 
brittleness effect inherent in the iron itself, and to 
what extent is it due to some known or unrecognised 
impurity in the iron? I suggest that the first line 
of investigation is to investigate the notch tempera- 
ture effect in vacuum-melted iron over as wide a 
range of temperature as possible. In that way we 
shall be able to determine whether this temperature 
effect is some inherent property, perhaps, of iron or 
is due to some other factor. 

Having got that, the next stage is, I think, a 
further investigation of strain-ageing. It has beeh 
shown that this tendency to brittleness can be 
emphasised and made much more marked by strain- 
ageing, the strain required in some cases being very 
small, only 1 or 2 per cent. Vacuum-melted iron 
does not strain-age, so that strain-ageing must be 
due to some impurity in the iron. We believe that 
it is due to nitrogen, but that is a definite line for 
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Any material that can go into solution in the iron 
and can be precipitated later along the cleavage 
planes will give rise, we believe, to cleavage fracture. 
So we have another line of investigation: to find 
out, starting from pure iron, what is the ‘effect of 
nitrogen, carbon or hydrogen. In this connection, 
there is interesting analogy between graphite and 
coke. Lump graphite is not a brittle material, 
and we know how very fragile coke is. It has 
been shown by Riley that the lattice of coke is similar 
to the lattice of graphite, and the difference in the 
properties of these two substances is largely due to 
the presence of hydrogen between the cleavage 
planes. It may be that precipitation hardening 
effects contribute in quite a marked degree to 
produce cleavage fracture in steel. That is a third 
line of investigation. 

Lastly, I think that further work must be done 
on the effect of manganese. As Mr. Barr has shown, 
the manganese effect is quite definite. The absence 
in Britain of severe trouble due to weld cracking 
in ships, to my mind, is due very largely to the fact 
that we have not allowed our manganese to drop 
to the low limits which circumstances have forced 
on the Americans, whose shortage of manganese 
during the war was greater than ours. They met 
the situation by lowering the manganese and raising 
the carbon content. Whether the effect is a com- 
bination effect of low manganese and high carbon 
or merely an effect due to low » and 
whether the presence of sulphur in the steel has 
anything to do with it, is a matter well worthy of 
investigation. 

Several speakers have raised doubts as to the 
exact interpretation of the notch test. That is 
obviously work which must be continued, so as to 
arrive at a better understanding of what we really 
measure in a notch test. There is a certain volume 
of strained material at the fracture ; and energy is 
expended in separating the cleavage surfaces. We 
have to try to distinguish between the amounts of 
energy used in these two going on when 
fracture occurs in a notch test. In particular, I was 
surprised that no one referred to the width effect 
in a notch-bar test. There are many steels which 
give ductile fractures if you test them in a narrow 
notch test, but if you widen the notch to 6 in. you 
get a brittle-type fracture. The transition from 
one to the other is quite sharp, and is not a tempera- 
ture effect. There is definitely room for further 
work there. 

Again, reference has been made to brittle strength. 
Dr. Orowan will be encouraged to explore that 
avenue farther and try to define in clearer terms 
exactly the difference between brittle strength and 
ordinary strength. I find it rather difficult to avoid 
saying that a ductile steel is one that does not break 
with a brittle fracture and a brittle steel is one 
that does not break with a ductile fracture. We 
want to get out of that state, and if he can help us 
he will have every encouragement from the Research 
Association. 

Lastly, I think that the experiment carried out 
at the Admiralty Undex laboratory on the effect 
of the spigot is important and should be followed up. 
We have blamed welding as causing the notch 
effect which gave rise to the brittle type of fracture, 
but here we have a case where welding is completely 
exonerated ; there is merely a change of section, 
and apparently that change of section gives rise 
to all the effects which many of us have ascribed to 
welding. We shall have to explore that farther. 

Out of this discussion, which has been very useful, 
these lines of work stand out definitely. Further 
consideration of the written discussion will no doubt 
suggest others, and I can assure you that all sugges- 
tions will be examined carefully. It is the intention 
of the Association to further, in every way that it 
can, the pursuit of all lines of work which this 
Conference has definitely disclosed. 

The Conference then terminated. 





** INDUSTRIAL DEVELOPMENTS IN WALES ”’ : ERRATUM. 
—In the footnote to the centre column on page 614, 
ante, the date of the report which was the subject of the 
article on “‘ Industrial Developments in Wales ” should 
be 1948, 





THE ‘‘ TRANSISTOR’’ AMPLIFIER. 


AccorpING to modern electrical theory, substances 
can be divided into two main classes—conductors 
and insulators—which are distinguished by the fact 
that the former tend to lose, and the latter to gain, 
electrons, in order to attain dynamic stability. Con- 
ductors contain about one free electron per atom. 
This electron, when subjected to a potential gradient, 
acquires a component of motion in the direction of the 
field that has been im upon its random thermal 
motions. As a result, there is a drift from positive to 
negative at a velocity which constitutes the electric 
current. On the other hand, there are normally no 
free electrons in an insulator and very little or no 
current therefore flows through it.. Intermediate in 
properties between these two main classes are the 
semi-conductors, such as silicon, germanium and 
certain metallic oxides, which have as few as one 
current-carrying electron for every million atoms. 

Although the process of conduction in these semi- 
conductors has not yet been fully explained, it would 
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appear that while they contain a small number of free 
electrons, the large majority are fixed and act as a 
“cement’’ which binds the atoms together. If, 
one of the free electrons is displaced, or another 
introduced, current’ passes as in an ordinary con- 
ductor, while, if one of the electrons normally present 
in the “cement” is removed, the resulting “ hole” 
will move like a bubble in a liquid and also carry 
current. It also ap that semi-conductors have 
the important property that the number of carriers 
can be varied by an external electric field. At first, 
experiments which were made to test this hypo- 
thesis did not give definite results, as the electrons 
appeared to be trapped at the surface of the material. 
An examination of this phenomenon led to the con- 
clusion that the point at which input occurs is sur- 
rounded by an “area of interaction,” within which 
the electronic structure of the semi-conductor is 
modified by the input current. It was also found that 
if the output point were situated within this area the 
output could be controlled by the input current. 
These results have been utilised by Messrs. W. 
Shockley, J. Barden and W. H. Brittain in the Bell 
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Telephone Laboratories, Murray Hill, New Jersey, 





U.S.A., to design a device, known as the Transistor, 
which has certain remarkable properties. This Tran- 
sistor consists essentially of three electrodes and a 
pinhead of germanium, which is soldered to a metal 
base. These electrodes are arranged as indicated 
diagrammatically in Fig. 2, which shows the connec- 
tions when the Transistor is used as an amplifier. As 
will be seen, two of the electrodes, which are known as 
the emitter and collector respectively, are of the point 
contact rectifier type and rest on the germanium at a 
distance of 0-005 to 0-025 cm. apart. The third contact 
is of the low resistance large area type and is fixed to 
the base of the block. The essential parts are enclosed 
in a metal cylinder less than 1 in. long, which is shown 
in section, at about three times full size, in Fig. 1. 
To economise space it is shown lying horizontally, 
though it is normally employed in the vertical position. 
The cylinder is not evacuated, neither is there any 
glass envelope, plate or cathode. The present power 
handling capacity of such a tube is said to be 50 milli- 
watts, with an output of 25 milliwatts and the loading 
is about 0-1 watt. It is also said that the opera- 
tion of the device is little affected by ordinary changes 
in temperature, while such characteristics as life, 
robustness and stability are expected to be about the 
same as those of point-contact rectifiers. Some models 
have been operated as amplifiers at frequencies up to 
10 megacycles per second, the amplification obtained 
being as high as 20 decibels. 

The operating principle of the Transistor appears 
to be that when direct-current bias potentials are 
applied to the two point contacts a small forward 
(positive) bias occurs at the emitter, thus causing a 
current of a few milliamperes to flow into the ger- 
manium. Similarly, when a reverse (negative) bias, of 
sufficient value to make the current the same or 
greater than that in the emitter, is applied to the 
collector, the “ holes ’’ which flow from the emitter are 
attracted. The result is that a large part of the emitter 
current flows to and enters the collector. It has been 
found also that while the collector imposes a high 
impedance to the flow of electrons into the germanium, 
there is little interference with the flow of the “‘ holes.” 
If, then, the emitter current is varied by an alteration 
in the signal voltage, a corresponding variation will 
occur in the collector current. The flow of “ holes ”’ 
from the emitter to the collector may, however, alter 
the normal current flow from the germanium to the 
collector to such an extent that the change in the 
collector current will be greater than that in the 
emitter current. Further, as the collector, which has 
an impedance of from 105 to 10* ohms, operates as 
a rectifier in the reverse direction, it can be matched 
to a high impedance load. The result is that the ratio 
of output to input voltage is also high and of the 
same order as the ratio of reverse to forward impe- 
dance. The input signal will thus receive a power 
amplification of about 100 times, that is, as stated 
above, about 20 decibels. 

The direct-current characteristics of a typical experi- 
mental Transistor are shown in Fig. 3. In this diagram, 
the emitter and collector currents, I, and I,, are 
regarded as independent variables and the corre- 
sponding voltages V- and V;, as dependent variables. 
These voltages are measured relatively to the base 
electrode, I,, I, and Ve being normally positive and 
V_ negative. It is found that, to a close approximation, 

I, = f (Ve + Ry Ie), 
where Rg is a constant that is independent of the bias. 
In other words, the collector current lowers the poten- 
tial of the germanium surface in the vicinity of the 
corresponding electrode by an amount R,yI,, and thus 
increases the effective bias voltage at the emitter by 
the same amount. 

The current amplification factor « is given by 


aI, 
a= (i) V. = constant. 
This factor depends on the operating biases; and for 
the unit shown in Fig. 1 lies between one and two, if 
V, is less than —2. 

As a practical point, it may be mentioned that the 
germanium is prepared in the same way as that used 
in the manufacture of high back-voltage rectifiers. 
After its surface has been ground and etched, it is 
subjected to additional anodic oxidation in a glycol- 
borate solution, which is subsequently washed off. 
In this form it acts as an N-type, or excess, semi-con- 
ductor with a resistivity of about 10 ohms per centi- 
metre-cube. The point contacts are of either tungsten 
or phosphor-bronze, and the one used as a collector may 
be electrically formed by passing a large current through 
it in the reverse direction. When separately resting on 
the base electrode, each point contact has the same 
characteristics as those of a high back-voltage rectifier. 
It is stated that the current in the forward direction, 
which may be as high as 5 to 10 milliamperes at one 
volt with a differential resistance of a few hundred 
ohms, is of critical importance in the operation of the 
Transistor. This resistance is much less than would 
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be expected from theoretical.considerations ; and an 
attempt has been made to account for this difference 
by assuming that it decreases with an increasing field. 
It is also believed that a thin layer of ‘‘ P defect ” 
conductivity exists adjacent to the surface of the 
germanium. The result is that the current in the 
forward direction with respect to the semi-conducting 
block is, to a large extent, composed of “ holes,” that is, 
of carriers of a sign opposite to those normally present 
in excess in the body of the block. 

We understand that the nature of the excess con- 
ductivity in the Transistor has been investigated by 
measuring the potential in the vicinity of one of the 
point contacts. As a result, it is considered that the 
manner in which this excess conductivity varies is due 
to two factors. One of these is the presence of a 
thin conducting layer on the surface, which is ohmic 
in character and of the P-type, that is, of the opposite 
type to that of the germanium block. The other is 
that an increase in the concentration of carriers 
(‘‘ holes” and electrons), occurs in the vicinity of the 
point contact as the forward bias is increased and that 
this becomes of increasing importance as the forward 
current rises. It has been found also that the relative, 
as well as the absolute, magnitudes of these two com- 
ponents may vary when the treatment has been the 
same, and that even two crystal faces on the same 
block may have different characteristics. 

It would appear that most of the current in both the 
forward and reverse directions flows through this 
P-type conducting layer at the surface of the ger- 
manium, but that the conditions in the immediate 
vicinity of the point contact are complicated by the 
necessity of conserving both the “hole” and the 
electron currents. The voltage drop is principally due 
to that part of the current (in this case the electron 
current) which encounters the highest resistance, a fact 
which, it is thought, would account for the high 
resistance imposed upon both reverse and small forward 
biases, in spite of the relatively high conductivity of 
the surface layer. 

It is claimed that the Transistor will perform nearly 
all the functions of an ordinary thermionic valve ; and 
the physicists at the Bell Telephone Laboratories, who 
have been engaged in its development, — that 
it may have many uses in the fields of both electronics 
and electrical communication. A radio receiver, in 
which it takes the place of the usual valves, has already 
been operated successfully, and it has also been 
employed to generate standard frequency. 





MOTORS FOR CLUTCH-OPERATED 
MACHINE TOOLS. 


WHEN a load with considerable inertia, such as the 
faceplate of a machine tool, has to be rapidly accelerated 
by an induction motor working through a clutch, the 
starting current may reach a value which causes the 
overload trips to operate. The value of this peak 
current, however, is controlled by the rate at which 
the clutch is engaged, since this determines the drop 
in of the motor. On an induction motor the 
current increases as the speed falls, and to ensure 
that the load is picked up smoothly this decrease 
must be considerable. Nevertheless, it must occur 
at a rate low enough to prevent the torque and current 
from becoming excessive. A motor with a speed/ 
torque characteristic which ensures that less torque 
is developed than by a standard motor at the same 
speed is therefore desirable. In other words, for 
this class of drive a motor with a drop in speed from 
no load to full load, or of slip from 8 per cent. to 
10 per cent. is required, compared with a standard 
slip of about 4 per cent. The high slip of the motor 
then compensates for a too rapid engagement of the 
clutch ; and so prevents both tripping and overloading 
the mechanical transmission. 

To confirm that such an increase in slip is a pro- 
tection against fierce clutching, some tests have been 
carried out recently by the Motor Application Research 
Department of Meesrs. Crompton Parkinson, Limited, 
Astor House, Aldwych, London, W.C.2. The tests con- 
sisted in driving a high-inertia load first by a standard 
squirrel-cage motor and then by a motor of the firm’s 
“‘Hyslip-Tork ” type. The standard motor had an 
output of 15 h.p. at 1,460 r.p.m., and was connected 
to a 400/440-volt three-phase 50-cycle circuit. The 
clutch was engaged to accelerate a faceplate from rest 
up to 300 r.p.m. in about 2-2 seconds, during which 
time repeated tests showed that the maximum current 
was 76 amperes, while the maximum torque was about 
2-7 times the full-load value. On the other hand, with 
a 15-h.p. “ Hyslip-Tork ” motor, the current was 
only 38 amperes and the maximum torque developed 
did not exceed 1-7 times the full-load torque under 
identical operating conditions. The rate of rise of 
current was also less, a value of 38 amperes being 
reached in 2-2 seconds with the “ Hyslip-Tork ” motor, 
compared with 76 amperes in 0-6 second with the 
standard motor. 





WELCHES DAM PUMPING STATION | inteasing 


FOR FEN DRAINAGE. 


A NEW pumping station designed to dispose of excess 
water from the Fens, which may accumulate in the 
Counterwash Drain and the Old Bedford River, 
Cambridgeshire, has recently been completed, and was 
formally opened by Mr. George A. Brown, M.P., Joint 
Parliamentary Secretary to the Ministry of Agriculture 
and Fisheries, on Thursday, December 16. The 
pumping station is situated in close proximity to the 
Welches Dam, from which it takes its name. derman 
L. Childs, O.B.E., J.P., chairman of the Board, presided 
at the opening ceremony, and in a speech of welcome 
to Mr. Brown, deplored the fact that Alderman W. C. 
Jackson, C.B.E., J.P., chairman of the Board during 
the construction of the station, had died last October. 
Mr. W. K. G. Allen, a director of the machinery 
contractors, and Sir John Wardlaw-Milne, K.B.E., 
chairman of the civil engineering contractors, spoke 
of the work of their respective firms. 

In the middle of the Seventeenth Century, two 
approximately straight channels, the Old Bedford 
River and the New Bedford River, were cut from 
Earith to Denver, both on the River Ouse, as shown 
in Fig. 1, on page 632. Subsequently (the exact date 
is not known), two more channels—the Counterwash 
Drain and the Delph—were cut, and Welches Dam 
was constructed so that the Old Bedford River was 
divided, the north-eastern end becoming continuous 
with the Counterwash Drain, and the south-western 
end joining up with the Delph. The New Bedford 
River (also known as the Hundred Foot River) has a 
high flood bank—the South Level Barrier Bank—on its 
right-hand side, and the Old Bedford-Delph channel 
has a high flood bank—the Middle Level Barrier Bank 
—on its left-hand side. The area between, about 
three-eighths of a mile wide, and known as the Hundred 
Foot Washes, is used to contain flood water which 
exceeds the capacity of the two channels. The Welches 
Dam and the Delph were constructed so as to provide 


Welmore Lake Sluice, which is about two miles farther 
up the tidal water from the original Old Bedford Sluice. 
The bank on the left of the Counterwash-Old Bedford 
channel is known as the Low Bank. Fig. 1 is generally 
to scale, except that the widths of channels and banks 
have been exaggerated for clarity. 

The drainage of the Fens, however, caused the land 
to sink, a process which has been going on since the 
Seventeenth Century. Thus, the land has sunk 
below the level of the water in the main rivers, and the 
numerous pumping stations in the Fens are used to 
correct the i systems. The Counterwash 
Drain, as it exists to-day, takes up to 150 tons of 
water per minute from 6,440 acres of highland, and, in 
addition, the discharges from two important drainage 
districts—the Sutton and Mepal Internal Drainage 
District (11,630 acres, 300 tons per minute), and the 
Manea and Welney Internal Drainage District (7,680 
acres, 300 tons per minute). The whole of this water 
(750 tons per minute) flows by gravity to the Old 
Betlford Sluice, and thence to the River Ouse. 

In 1937, and again in 1939, the water level of the 
tidal river was such that even at low tide it was too 
high to allow the water from the Old Bedford River 
to be discharged, with the result that the Counterwash 
Drain-Old Bedford channel became full and began to 
spill over the banks. There was a serious danger that 
some part of the bank might burst and flood one or 
other of the internal drainage districts. The pumps 
of these districts had to be stopped, and it was not for 
some days, until the flood level in the main river had 
subsided sufficiently, that any relief could be obtained 
for the over-strained Low Bank, which threatened to 
fail at’ any moment. 

The Middle Level Barrier Bank was under the juris- 
diction of the River Great Ouse Catchment Board. 
The Low Bank, however, was the responsibility of the 
Middle Level Commissioners for a short section of its 
length. For the remainder of its length it came under 
the Joint Committee of the Sutton and Mepal and the 
Manea and Welney Boards, except for the upper section 
of the Counterwash Drain, where there ap to be 
no responsible authority. In 1938, the Catchment 
Board submitted a scheme for the strengthening 
and heightening of the Middle Level Barrier 
which had withstood a very severe test in the 1937 
floods. It was raised for approximately 2 ft. 6 in., 
and breasted with clay for the greater part of its 
length of 18 miles. The Low Bank, however, remained 
in the same state as it was before the floods, and it 
seemed that the task of reconstructing it was beyond 
the financial resources of the responsible bodies. In 
view of this situation, the Catchment Board considered 
the matter in September, 1943, and resolved to. apply 
to the Ministry of Agriculture and Fisheries to have 
the Counterwash Drain taken over as a ‘“ main river” 
under the terms of the Land Drainage Act, 1930, 





because it seemed that only in this way could the 


an outfall from the Old Bedford-Delph channel at | 0g 


in danger of flooding through failure of the 
bank be prevented. In due course, the proposal was 
approved by the Minister, and then the question of 
what was the most economical scheme for protecting 
the lowland area had to be decided. 

The Low Bank is founded upon peat, and for certain 
parts of its length there is a deep drain running at the 
back of it. The presence of this drain wo have 
rendered the reconstruction of the bank very expensive, 
and the weight of clay which would have had to be 
deposited on the peat foundation would have caused 
considerable settlement. There were only two suitable 
sources of clay for the work and access to the bank would 
have been difficult. Furthermore, the cost of the work 
at present-day rates would probably have been in 
excess of 100,000/., and additional work would almost 
certainly have been required within 10 or 15 years. 
The rg | of a pumping station was therefore 
considered, and was found to be a more economical pro- 
position. 

Fig. 1 shows that the site of the pumping station 
is approximately midway between the pumps of the 
two drainage districts. This aroused some controversy 
at first, because it was thought that if a pumping 
station were built it ought to be at the north-eastern 
end where it would discharge into the tidal river. There 
were, however, two main reasons for this siting. In the 
first place, the object of the pumping station, namely, to 
obtain as favourable water levels as possible at the 
least expense, would not have been achieved with it 
situated at the north-eastern end; the water would 
have had to gravitate the whole distance of 20 miles 
before it reached the pumps, and, as a result, the im- 
provement in the level would diminish in proceeding 
upstream. Moreover, it would have been necessary to 
improve the channel to carry the water; between the 
point where the Manea and Welney pump discharges and 
the Old Bedford Sluice it would have been necessary to 
provide the capacity to take a discharge of 450 cub. ft. 
per second (750 tons per minute). By placing the new 
pumping station about mid-way between the two exist- 
ing pumping stations, the channel from the Manea and 
Welney Station has to carry only the discharge of that 
station (300 tons per minute), and between the new 
pumping station and the Sutton and Mepal Station 
the required channel ae is that necessary to take 
the hi d run-off, plus the discharge of the Sutton 
and 1 Station. msequently, the size of channel 
required is less than if the pumping station were 
situated at the north-eastern end. Secondly, as the 
new station discharges into the Delph and thus, in time 
of flood, into the Hundred Foot Washes, the head 
against which water has to be discharged is much lower 
and generally more steady than that at the tidal river. 
The new station will enable the Board to obtain a. 
complete command of the water levels in the Old 

ord River and Counterwash Drain, and as the 
shrinkage of the Low Bank continues it will be a rela- 
tively inexpensive matter to lower the water level 
by an amount corresponding to the sinking. 

The pumping station was designed by the late Mr. 
W. F. Pattison, M.B.E., A.M.I.Mech.E., who was the 
Board’s Mechanical and Internal Drainage Districts’ 
Engineer. Unhappily, Mr. Pattison did not live to 
see his work completed. Figs. 2, 3 and 4, on page 632, 
are, respectively, a longitudinal section, a sectional plan, 
and a cross-section, of the station, and Figs. 5 and 6, 
on page 633, are a longitudinal section and end eleva- 
tion, respectively, of one of the centrifugal pumps. 
The photographs reproduced on 636 show the 
exterior and interior of the station. In Fig. 7, the 
Old Bedford River is in the foreground, the photograph 
having been taken from the Low Bank. In Fig. 8, the 
discharge-valve house on the Middle Level Barrier Bank 
hides most of the view of the main building. Figs. 9 and 
10 show the pumps, Diesel engines, sluice valves, etc. 

A bridge to give access to the site of the proposed 
pumping station was first constructed over the Old 
Bedford River, between the site and Welches Dam. 
It is a 34-ft. reinforced-concrete bridge with steel sheet 
pile abutments, the piling being continued along the 
front of the site and into the suction flume to form a 
retaining wall. A temporary dam of sheet piling was 
built across the mouth of the flume during construction. 
This work was started in September, 1945, by Messrs. 
William Old, Limited, 433, Pinner-road, North Harrow, 
Middlesex, and was completed in February, 1946. 

The Dredging and Construction Company, Limited, 
King’s Lynn, undertook the construction of the foun- 
dations and buildings. A subsoil survey of the site 
revealed about 8 ft. 6 in. of peat below the top soil, 
then 2 ft. 6 in. of “‘ buttery ” clay, followed by 1 ft. 6 in. 
of very fine sand, and finally a mixture of sand and 
gravel. It was therefore neegssary for the machinery 
and buildings to be carried on piles. Nearly 300 14-in. 
by 14-in. reinforced-concrete piles of various lengths 
up to 33 ft. were driven. The main building contains 
the engine room, 105 ft. 8 in. in length by 33 ft. 6 in. 
wide, with an annexe at each end, the northern annexe 





housing a mess room and a store room, and the southern 
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annexe a battery room and a boiler room for a central- 
heating system. The auxiliary buildings are a fuel-oil 
store adjacent to the south annexe, with a capacity of 
60 tons or 15,000 gallons, and the valve-operating house 
on the Middle Level Barrier Bank. 

The contractors commenced work on March 9, 1946. 
With the aid of a hand-operated crane, a 74-ton steam 
crane with a 100-ft. jib was erected on the Barrier 
Bank, where it remained until August, 1948, when it had 
to be dismantled for clearing a way to excavate through 
the Barrier Bank for the discharge pipe of No. 2 pump- 
ing set. The position of the crane caused considerable 
anxiety during the severe floods of March, 1947,* but, 





* See ENGINEERING, vol. 163, page 304 (1947). 










fortunately, the crane was not disturbed. After it had 
been erected, the steel sheet piles were driven and the 
suction flume was excavated. This excavation was not 
easy, Owing to the running sand and silt which were 
encountered, and eventually the sub-floor had to be 
laid in small compartments. On several occasions 
men sank to their thighs and had to be extricated by 


the crane. The sub-floor was completed in May, and 
the driving of the first concrete piles in the suction 
flume was commenced in the following month. During 
the night of June 19, 1946, a “‘ blow-through ” occurred 
under the temporary dam across the flume. The 16-ft. 
steel sheet piles in the vicinity of the blow were 
extracted, and 30 sheet piles 25-ft. long were driven in 
their place. From June to September, concrete piles 
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were driven under the engine, pump and valve founda- 
tions, and the suction-flume floor was concreted. 
Work was started on the discharge side in September, 
1946, piles being driven and the flume excavated. 
Two months later, the wash-lands were flooded, and 
in three days approximately 150 sheet piles 18 ft. long 
were driven in order to protect the Barrier Bank while 
the excavated discharge flume was open. In addition 
to providing protection at that time, the piling made 
the works safe against the subsequent floods in 1947. 
Part of the work of concreting the engine-room beams 
and floor on the northern side of the suction flume and 
driving the concrete piles under the fuel-oil storage 
house was carried out before the end of 1946, when it 
had to be stopped until May, 1947, owing to the bad 
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weather and the floods. Fortunately, the work had 
advanced sufficiently to withstand structural damage 
during the floods, although some inconvenience was 
caused by the submersion of minor tools and plant, 
and the discharge flume, which was filled in by the 
effect of the flood waters, had to be re-excavated. When 
work was resumed, the fuel-storage house floor and 
saddles were concreted, and the engine-room beams and 
floor on the south side of the suction flume were 
commenced. During September and October, 1947, 
the discharge-flume floor, walls and bridge were 
completed, and early in December, the work closed down 
except for bricklaying, as further progress was not 
—— until the Barrier Bank could be opened in the 

te spring of 1948. In February, when the brickwork 
of the engine room had reached a sufficiently advanced 
stage, the gantry girders and 10-ton hand crane were 
erected to deal with the machinery and equipment. 
The installation of the pumping sets, etc., was carried 
out from March to September. During the summer, 
the Counterwash Drain and the Old Bedford River 
between the two existing pumping stations were 
dredged to provide a clear passage for the water to 
Welches Dam pumping station. The final cost of the 
station, including the bridge over the Old Bedford 
River, and the dredging, amounted to 70,0001. The 
quantities of the principal materials used were: 
200,000 bricks, 500 tons of cement, 2,500 tons of gravel, 
bara tons of sand, 175 tons of steel, and 45 tons of 

e. 

The pumping machinery, which was constructed and 
installed by Messrs. W. H. Allen, Sons and Company, 
Limited, Bedford, consists of two Diesel-engine driven 
pumping units, each designed for an output of 540,000 


tons of water a day of 24 hours (5,000,000 gallons per | i 


hour, or 375 tons per minute) against a static head of 
1] ft., and a total head, including friction, of 13-5 ft. 
The Diesel engines are of the six-cylinder four-stroke 
airless-injection type, the power demanded from each 
engine at normal pump load being 410 brake horse- 
power. The speed range is 380 to 475 r.p.m., the 
engines being capable of an output of 500 brake horse- 
power at the higher speed. At the normal pump load, 
the brake mean effective pressure of the engines is 
60-6 lb. per square inch, and the fuel consumption is 
0-387 lb. per brake horse-power per hour, this figure 
representing a total fuel consumption of 0-462 lb. per 
water horse-power. The bore of the cylinders is 325 
mm. (12-79 in.), and the piston stroke is 370 mm. 
(14-57 in.). Each engine weighs 19 tons. 

The cooling-water system is of the closed-circuit 
type, comprising a jacket-water pump, integral with 
the main engine, the jacket water passing through a 
Serck tubular-type heat exchanger designed for an 





inlet temperature of 120 deg. F., and an outlet tempera- 
ture of 90 deg. F. The water supply for the cooling- 
water side of the heat exchanger is drawn from the 
main pump-suction sump by a single-stage centrifugal 
pump, which is belt driven from the main-engine 
extension shaft. An overhead cooling-water tank 
of 250 gallons capacity is provided for after-cooling 
purposes when the plant is shut down, and a separate 
motor-driven soft-water make-up pump is included 
in the system to cover leakage and evaporation losses. 

Each engine is provided with a starting-air receiver 
of a capacity sufficient to give five consecutive starts, 
the receivers being connected so that either can be 
used for each engine. The receivers are re-charged by a 
Hamworthy reciprocating-type air compressor having 
a displacement of 7 cub. ft. per minute, and driven by 
a 3-h.p. Allen direct-current motor running at 700 r.p.m. 
The fuel system for each engine comprises a day-service 
fuel tank of sufficient capacity to allow an eight-hour 
run at full load. An e ically-driven Hamworthy 
fuel-transfer pump is provided for supplying the day- 
service tanks from the main fuel-storage system, which 
consists of three 20-ton tanks, each 7 ft. 6 in. in diameter 
by 19 ft. 4 in. long. The fuel-supply pipework is also 
arranged so that the day-service ean be replen- 
ished, if vias od by a semi-rotary hand pump. 

The exhaust from each engine is led outside the 
pump-house wall through a Burgess-type silencer, 
which is enclosed in an external chamber. Access to 
the chamber is obtained from the pumping-station roof, 
the chamber itself terminating at roof level and being 
designed to harmonise with the general building con- 
struction. An extension shaft is provided at the 
flywheel end of the engine, the shaft being supported 
in a pedestal-t oil-ring lubricated bearing, and 
flexibly coupled to the high-speed shaft of a reducing 
gear unit by an Allen “ Ambifiex ” coupling. 

The reduction gears between each engine and main 
pump were made by Messrs. Turbine Gears, Limited, 
Stockport. They are of the totally-enclosed double- 
helical type, designed for a reduction of 2-2 to 1. 
The gears are provided with a self-contained lubrication 
system comprising an oil pump driven from the high- 
speed shaft, a strainer and water-cooling coil, the water 
being obtained from the engine-cooling system. 

The main pumps are of the Allen “Conqueror” 
twin-parallel centrifugal type, each capable of delivering 
375 tons (84,000 gallons) of water per minute against 
a total head of 13-5 ft. when running at a speed of 
215 r.p.m.; the pump shaft is coupled to the reduc- 
tion-gear unit by a flexible coupling of the pin 
and bush type. Each pump has two 465-in. bore 
suction and delivery branches, the suction branches 
being fitted with inlet bell-mouths, and the delivery 
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branches coupled together to form a common discharge 
pipe of 72-in. bore, as shown dotted in Fig. 3. The 
pump casings are of cast iron; the impellers are also 
of cast iron and the shafts are of mild steel supported 
in two oil-ring lubricated bracket bearings, mounted 
outside the casing. Each pump weighs 30 tons. 

The priming system for the pumps consists of a 
Reavell rotary exhauster driven by a 10-h.p. direct- 
current motor, and the various pipes and isolating 
valves. The exhauster is common to both pumps, 
and is capable of evacuating each pump and its pipe- 
work within 10 minutes. A float-type interceptor is 
also fitted on each unit to prevent water from reach- 
ing the rotary exhauster. An overhead water tank 
of 100-gallons capacity is provided for each unit to 
supply water to ensure adequate sealing of the pump 
glands. Each pump discharge branch is fitted with a 
72-in. bore electrically-o sluice valve, made by 
Messrs. J. Blakeborough and Sons, Limited, Brighouse, 
and situated inside the pump house. The valves each 
weigh 16-5 tons, and are driven by a 5-h.p. motor. 
A manually-operated flap valve of the same make, 
7 ft. 6 in. by 6 ft., is provided at the terminating flange 
of the discharge pipe-line. 

Electric current for the lighting, heating and power 
is supplied by a 30-h.p. Lister Diesel engine driving an 
18-kW Allen direct-current generator. There are also 
two 1-5-kW auxiliary generators, each driven by 
V-belt from the main engine extension shaft. Current 
for an auxiliary lighting system is supplied from a 
3-kW generator driven by a 7-h.p. Lister engine, with 
batteries, this system enabling the central-heating 
system to be used and lighting to be provided when tho 
main plant is closed down. The central-heating 
system was installed by Messrs. T. R. Freeman and 
Son, Cambridge. The 10-ton hand-operated overhead 
crane was supplied by Messrs. Herbert Morris, Limited, 
Loughborough. 





RIveR WALL ON SovurH BANK OF THAMES.—The 
London County Council recently invited tenders for the 
construction of a river wall on the South Bank of the 
River Thames, from County Hall to Waterloo Bridge. 
The wall is part of the South Bank Scheme, which is due 
to be completed by 1951 in time for the Festival of 
Britain. It is announced that the tender of Messrs. 
Richard Costain, Limited, Dolphin-square, Westminster, 
London, S.W.1, amounting to 249,8551., has been 
accepted, and that work will commence early in the 
New Year. We announced, on page 586, ante, that the 
50,000 cub. ft. of dressed Cornish granite required for 
the wall and parapet would be supplied by Messrs. 
Cooper, Wettern and Company, Limited, 55 and 56, 
Dingwall-road, Croydon, Surrey. 
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IMPROVED ELECTRIC BATTERY 
FOR COMMERCIAL VEHICLES. 


An improved battery for ignition purposes on com- 
mercial vehicles and known as the Shednought has been 
introduced by Messrs. Holsun Batteries, Limited, Whit- 
field House, 6-10, Whitfield-street, London, W.1. The 
positive plates in this battery, which is of the lead-acid 
type, are made from a mechanically strong antimonial 
lead alloy and are cast with widely ribs so as 
to reduce the surface of the grid which is exposed 
~ xidation. Triple tion is achieved by 

wiching each Ran. aioe between felted glass- 
we separators and perforated ebonite sheets and 
— tely losing this assembly in a eo 
ope. The felted glass-wool sheet on each side 
of t the negative plate helps to retain the active material. 
The perforated ebonite sheets, which are fitted between 
the glass-wool sheets and the plastic envelope, give 
additional mechanical strength and help to prevent 
the possibility of short-circuits. ly, complete 
mechanical separation is provided by the envelope of 
thermoplastic material, which is pliable, mechanically 
tough and resistant to oxidation. This form of con- 
struction, it is claimed, results in a separation with 
low electrical resistance and provides the maximum 
protection against internal short-circuits. At the same 
time, it — the rapid diffusion of acid which is 
n permit high rates of discharge 

Shednought batt batteries are produced i in various 6-volt 
sizes up to a capacity of 222 ampere-hours at the 
10-hour discharge rate. 





CONTRACTS. 


Messrs. THE BRUSH ELECTRICAL ENGINEERING 
Company, LimtreD, Loughborough, have received from 
Messrs. John Brown and Company, Limited, Clydebank, 
an order for an alternator to be driven by a closed-cycle 
gas turbine. The set is to go into operation in the 
Dundee Power station under the auspices of the North 
of Scotland Hydro-Electric Board. The alternator will 
have an output of 12,500 kW, 0-85 power factor, 11,000 
volts, 50 cycles, three-phase at 3,000 r.p.m., with exciter 
and closed-circuit air cooler. 


Messrs. FLETCHER AND COMPANY (CONTRACTORS), 
LiuwtreD, Mansfield, Nottinghamshire, have received a 
contract for a new bridge to carry Bennett-street, Grass- 


moor, near Chesterfield, over the Grassmoor branch line | 2#™ 


of the London Midland Region of British Railways. The 
new bridge will replace an older one comprising a single 
skew span of 34 ft. 6 in., and will be built to the width 
of the existing bridge, namely, 25 ft. 6 in., but provision 
will be made for future widening to 45 ft. The super- 
structure of the new bridge will consist of steel beams 
of about 2 ft. centres surrounded by concrete, with a 
Pipe bay at one side and brick parapets. It will carry a 
concrete road with a pavement on the north side. 


During the past month the British Electricity 
Authority, Great Portland-street, London, W.1, have 
Placed contracts, amounting im the aggregate to 
5,786,4311., for g ti tati switching and trans- 
forming-station, and transmission equipment. These 
include general pipe work and auxiliary plant for Fulham 
power station, with AITON AND Company, LiIMfreD; 
steam receiver, steam and feed piping, valves and drain 
conservation system for Clarence Dock station, Liverpool, 
with STEWARTS AND LLoOyps, LiwiTrED; ash-handling 
plant for North Tees and Southwick “ B ” stations and 
No. 3 and 4 boilers for Rye House station, with Bascock 
AND WiLcox, LOOTED; superstructure for buildings 
for Poole station, with SiR ROBERT MCALPINE AND ‘Sons, 
LOMQTED ; superstructure for buildings and river works 
for Skelton Grange station, Leeds, with Kmk anpD 
Kimx, Lowrep; structural steelwork for Littlebrook 
“CO” and Fulham stations, with Dorman, LONe aND 
Company, LDUTED; main circulating water pumps for 
Littlebrook “‘ C ” station with DrysDALE anpD Company, 
LimtreD; coal-handling plant for Prince Rock “B” 
station, Plymouth, and Croydon “B” station, with 
INTERNATIONAL COMBUSTION LIMITED;  reinforced- 
conerete cooling towers for Rye House station with 
DAVENPORT ENGINEERING COMPANY, LIMITED; and 
33 kV 1,500 MVA, and 33 kV 750 MVA switchgear for 
Clydes Mill station and 45 MVA 132/33 kV transformers 
for Hinksford substation, with the GENERAL ELECTRIC 
CoMPANY, LIMITED. 








THe PRICES OF ZINC.—The Ministry of Supply has 
issued the Control of Non-Ferrous Metals (No. 33) 
(Copper, Lead and Zinc) Order, 1948, which has raised 
the maximum prices of zinc and zinc products. The new 
maximum prices of refined and high-purity zinc now 
range from 106!. to 1081. 5s., while that of zinc sheets is 
1181, a ton. In all cases the increase involved is 141. a 
ton. Any inquiries regarding the new prices should be 
addressed to the Director of Non-Ferrous Metals, 20, 
Albert-street, Rugby. 





BRITISH STANDARD 
SPECIFICATIONS. 


TxE following publications of engin interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Cast-Iron Rain-Water Goods.—A new publication, 
designated B.S. Nos. 460 and 1205-1948, is an amalga- 
mation, under one cover, of three specifications issued 
previously as separate publications. These are B.S. 
460-1944, covering cast-iron rain-water pipes; B.S. 
1205-1945, Part One, d with cast-iron half- 
round gutters and B.S. 1205-1945, Part Two, concerning 


cast-iron ogee titers. The new publication, which is 
entitled simply “Cast-Iron Rain-Water Goods,” 
contains ly the same technical data as were 


included in the po Ba editions, the alterations having 
been limited to those required for presenting the infor- 
mation concisely. There are three grades of rain-water 
pipes, pes, namely, light, medium and heavy, in sizes from 
in. to 6 in., together with fittings and accessories ; 
half-round gutters in sizes from 3 in. to 6 in., and ogee 
gutters in 4 in., 4} in., and 5 in. sizes. The general 
clauses deal with the quality of materials, freedom 
from defects, facilities for inspection, and marking. 
The specific clauses deal with dimensions, vane 
thicknesses, sockets, ears, a hammer test, 
finish of the goods. The publication contains 33 tables 
and upwards of 60 line drawings. {Price 5s., postage 
included.] 

Asphalt for Road Engineering.—Revisions of the 
specifications for mastic asphalt and for compressed 
natural-rock asphalt for road-engineering arse 
have now been issued. When specification B.S. No. 348, 
covering compressed natural-rock asphalt, and No. 596, 
dealing with mastic asphalt, were reprinted in 1945, 
it was stated that a revision of the specifications 
would be undertaken as soon as possible to take into 
account developments in these types of materials 
since the 1935 editions were prepared. B.S. No. 596 
is now issued in two separate parts, namely, B.S. No. 
1446, covering mastic asphalt (natural rock asphalt 
aggregate) for roads and : and B.S. No. 1447, 
concerning mastic halt (limestone aggregate) for 
roads and footways The specification for compressed 
natural-rock asphalt will retain its existing number, 
, B.S. No. 348. The layout of the specifications 
follows that of the previous editions and includes an 
appendix containing a list of particulars to be given 
by road engineers with their in or orders. In 
the case of the specification for compressed natural- 
rock asphalt the most important change relates to 
chippings which will be included in the road material 
unless otherwise specified by the engineer responsible 
for the work. [Price of each of the three specifica- 
tions 2s., postage included.]} 





BOOKS RECEIVED. 


Prestressed Concrete. By PROFESSOR GUSTAVE MAGNEL. 
Concrete Publications Limited, 14, Dartmouth-street, 
Westminster, London, 8.W.1. [Price 15s. net.] 

Waste-Heat Recovery from Industrial Furnaces. <A 
Treatise Based upon a Series of Papers Presented to the 
Institute of Fuel. Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 35s. net.] 

Thermodynamics. By PROFESSOR LESTER C. LiIcHTY. 
Second edition. MoGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 4-50 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 27s.] 

Thermodynamics. By PROFESSOR EDWARD F. OBERT. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 5-50 dols.) 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 33s.] 

Proceedings of the Final Convention of the Incorporated 
Municipal Electrical Association, Held at Eastbourne, 
June 7th to 11th, 1948. The Incorporated Municipal 
Electrical Association, c/o The British Electricity 
Authority, 16, Stratford-place, London, W.1. [Price 
138. net to approved applicants.) 

International Association for Bridge and Structural En- 
gineering. Preliminary Publication. Third Congress. 
Liége, September 13 to 18, 1948. A.-G. Gebr. Leemann 
& Co., Stockerstrasse 64, Ziirich 2. [Price 350 Belgian 
francs.] 

Technique des Travaux. Traité de Pratique des Travauz. 
Constructions, Bétons, Travaux Publics. By PROFESSOR 
Max Jacogpson. In two volumes. Librairie Poly- 
technique Ch. Béranger, 15, Rue des Saints-Péres, 
Paris (VIe). [Price 3,700 francs each volume, postage 
extra.] 

The International Mercantile Diary and Year Book, 1949. 

The Syren and Shipping, Limited, 26-28, Billiter-street, 

London, E.C.3. [Price 30s. net.] 





PERSONAL. 


REAR-ADMIRAL (E) W. G. COWLAND, M.I.Mech.E., 
was made Deputy Engineer-in-Chief of the Fleet on 
December 24, in succession to REAR-ADMIRAL (E) THE 
Hon. D. C. MaxwELL, C.B., C.B.E., M.I.Mech.E., who 
had held the position since February, 1946. 

Mr. C. B. M. DALE, B.Sc., M.I.Mech.E., is relinquishing 
his position as chief engineer of the Engine Division of 
the Brush Electrical Engineering Company, Limited, 
and, as from March 1, is taking up the appointment of 
head of the design department of Messrs. W. J. Fraser 
and Company, Limited, chemical plant manufacturers, 
Dagenham, Essex. 

Mr. H. C. OGDEN, B.Sc., A.M.I.E.E., senior assistant 
operation engineer in the Yorkshire Division of the 
British Electricity Authority, has been appointed 
system operation engineer of the Division in succession 
to Mr. P. G. Hmatrt, M.I.E.E., who has become personal 
assistant to the divisional controller. 

Mr. H. E. NewnwaM, R.C.N.C., A.M.I.N.A., a Chief 
Constructor from the Admiralty, has been appointed 
Warship Production Superintendent, Northern Ireland 
Area and Principal (Ship) Overseer, Messrs. Harland and 
Wolff, Limited, Belfast. He relieved Mr. F. 8. SUTHERBY, 

R.C.N.C., M.I.N.A., Chief Constructor, as from Decem- 
ber 10. 

Tube Investments Limited, announce that Mr. E. 
AUSTYN REYNOLDs, Mr. J. H. CATLING and Mr. W. H. 
Bowman have been appointed tive direct of a 
new subsidiary company, TI ALUMINIUM LIMITED, and 
are jointly responsible for the production, administration 
and marketing organisation of Tube Investments Alumi- 
nium Division, comprising Reynolds Light Alloys Limited, 
Reynolds Rolling Mills Limited and the South Wales 
Aluminium Company, Limited. 

Mr. A. H. LANGFORD, M.I.P.E., director and general 
manager of Heenan and Froude Limited, Worcester, has 
been appointed a director of three of the firm’s subsidiary 
companies, namely, Court Works Limited, Madeley. 
Salop ; Industrial Waste Eliminators Limited, London ; 
and the New Destructor Company, Limited, Worcester. 

Mr. V. RANDLE, who was appointed outdoor electrical 
assistant at Norton Folgate (Liverpool Street) and Strat- 
ford, L.N.E.R., in 1945, has been made district electrical 
assistant, British Railways, North Eastern Region, 
Nottingham. 

Mr. ALEXANDER PENMAN has been appointed works 
manager, Germiston Works, Glasgow, in the carriage 
and wagon engineer’s department, British Railways, 
Scottish Region. 

Mr. C. HayseEy,. district engineer, Leeds, British 
Railways, London Midland Region, has been appointed 
district engineer, Newcastle, North Eastern Region. 
Mr. S. M. Taytor, M.A. (Cantab.), A.M.I.C.E., assistant 
district engineer, Guide Bridge, Eastern Region, has 
been appointed acting district engineer, Guide Bridge, 
in succession to the late Mr. E. A.J. BmHamM. MR. B. X. 
JEssop, assistant goods manager, North Eastern Region, 
has been appointed assistant chief regional officer 
North Eastern Region, York. 

Mr. W. J. SADLER has been appointed signalling 
assistant, Euston, and Mr. F. W. Young is succeeding 
him as divisional assistant (signals), Crewe. Both 
appointments are in the Signal and Telegraph Engineer’s 
Department, British Railways, London Midland Region. 

Mr. H. Vicror PAINE has relinquished the appoint- 
ment of officer in charge of publicity and advertising 
matters in connection with the aircraft interests of Vickers 
Armstrongs Limited, Vickers House, Broadway, London, 
S.W.1. He has been succeeded by Mr. H. V. UsmL, 
manager of the company’s publicity department at 
Vickers House. 

Messrs. BOND AND PARTNERS, 25, Collingwood- 
street, Newcastle-upon-Tyne, 1, whose principal is 
Mr. G. Murray, have been appointed representatives 
in the North-Eastern Area of Messrs. E. H. JONES 
(MACHINE TooLs) LimITED, as from January 1, 1949. 

Messrs. RENFREW FOUNDRIES LIMITED, Hillington, 
Glasgow, S.W.2, have appointed Mr. R. McGLasHAN to 
be their sales engineer for Scotland. His office is at 
Hillington. Four other sales engineers have been 
appointed, namely, Mr. J. A. K. FERGIE, The Leys, 
Adderbury, Banbury, Oxfordshire, to cover the Midlands 
and Wales; Mr. J. S. THOMPSON, 53, -Tudor-way, 
Hillingdon, Uxbridge, Middlesex, to cover South London 
and Southern England; Mr. A. J. HEBDEN, 41, Nab 
Wood-crescent, Shipley, Yorkshire, to cover Northern 
England ; and Mr. E. P. Menpoza, 16a, Green Court, 
Green-lane, Edgware, Middlesex, to cover, North London 
and the Eastern Counties. 


THE COMBUSTION APPLIANCE MAKERS’ ASSOCIATION 
(Sotip FUEL), 24, Tottenham Court-road, London, 
W.1, are to change their name to COMBUSTION ENGINEER- 
ING ASSOCIATION on January 1, 1949. As from this 
date the constitution will also be changed to allow full 
membership to many supporters who have been associate 











members hitherto. 
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NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 

Scottish Steel.—Mill production is being maintained at 
a remarkably high level considering the sustained heavy 
throughputs and the interval that has elapsed since 
plant and machinery were last overhauled ; it is almost 
certain that the target figure for Scotland will be com- 
fortably exceeded. Pig-iron outputs are also satisfactory. 
Raw materials have been forthcoming with gratifying 
regularity ; steady arrivals of iron ore are unloading at 
Glasgow docks, hard coke, limestone, dolomite, and other 
essentials are adequate, while scrap deliveries have been 
sufficiently good to enable makers to keep their slender 
reserves intact. Supplies of billets, slabs, and sheet bars 
fall short of the re-rollers’ requirements, but Continental 
imports have helped to render the supply position 
appreciably better than it was a few months ago. Sheet- 
makers appear to be the most heavily booked section, 
with authorised orders for 1951 and 1952 delivery. 
Dispatch difficulties have been intensified by the shortage 
of railway rolling stock, 5,000 tons of plates having piled 
up at loading banks at one works alone. 


Scottish Coal.—The Scottish collieries will be shut 
down from January 1 to 4, inclusive, for the New Year 
holiday. The closing weeks of the year have witnessed 
a remarkable increase in production, outputs for the 
first time in 1948 being at a rate in excess of 500,000 
tons—the divisional target. The arrangements for extra 
working on Saturdays in Fife resulted in record outputs 
of 155,000 tons in the week e* ded December 18, while 
the Lothians, with 81,700 tons, also exceeded their 
previous best. Lanarkshire was well up with 204,300 
tons, as against 190,100 tons a week earlier, while 
Ayrshire advanced to 79,400 tons, from 72,500, making 
up the aggregate of 520,400 tons—the best for 12 months. 
Distribution has been considerably facilitated and 
supplies to all consumers are appreciably improved, 
although deliveries are not up to basic tonnages. Round- 
coal receipts fall short of requirements; tonnages are 
slightly better, but merchants are using depot stocks in 
come cases to meet the seasonal expansion in d d 
Special diversions to the railways this week have ensured 
adequate locomotive coal over the holidays, but gas- 
works’ supplies are patchy, although stocks overall 
average about four weeks’ consumption. Coke-ovens are 
reasonably well off for the holidays. Graded fuel bene- 
fited from the general rise in pit outputs; steelworks 
have .sufficient to meet their needs, but ‘electric power 
plants and other industrial users are receiving a propor- 
tion of dross to help bridge any gaps. A heavier tonnage 
of gum is available, but better sorts are readily taken up. 
Active conditions prevail in the shipping trade. Bunkers 
were short over Christmas owing to the usual diversion of 
ships from the south. 





. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Higher outputs from the 
collieries in recent weeks have considerably helped the 
general supply position on the Welsh steam-coal market. 
Quantities for prompt disposal, however, have not been 
heavy and as a rule were quickly placed. The freer flow 
of supplies greatly facilitated deliveries before the 
holidays and good headway was made with the execution 
of orders for home and abroad. The working week which 
provided the miners’ Christmas money resulted in an 
output of 496,900 tons arid pit targets were passed in 
several areas; more than 1,000,000/. was paid out in 
wages. This record-breaking effort, however, went on 
in the following week, when production reached 528,900 
tons, the highest for many years. In the export section, 
a limited fresh business was stemmed for prompt atten- 
tion, but the main activity was provided by the execution 
of contracts on hand. A good rate of delivery continued 
to South America, and Portuguese cargoes went forward 
steadily, while there was a fair movement to France. 
There was some development of business with Italy, and 
customers there have made new purchases. Spain, 
which market has been slightly busier of late, was again 
easing off as a result of the recurrence of payment 
difficulties. For home purposes, coals remained exceed- 
ingly well booked, and a large proportion of the available 
supplies were engaged for this direction. The leading 
industries and the essential public services took large 
quantities. Cokes had an active. market and were 
strong, while patent fuel ruled firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was fully 
maintained as home consumers were placing their 
requirements for the first quarter of 1949 before the 
holidays. In consequence, sales were substantial. In 
the export market, although the demand was great, not 
much business was done as makers had little to sell 
after satisfying the requirements of home consumers. 
Steel sheets continue in keen demand for home consump- 
tion, while iron and steel scrap is muchgn request. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The production of steel before the 
Christmas holidays has been on a very satisfactory 
scale, in spite of gas cuts. It has been the turn of the 
heat-treatment furnaces to suffer the gas cuts, which have 
affected between forty and fifty firms who were asked to 
save about 30 per cent., or half ag much again as they 
had expected. It has meant closing down some plants 
temporarily and transferring workmen to other depart- 
ments ; about one and a half days’ production has been 
lost. The holiday period has been utilised for carrying 
out repairs and overhauls to plant and machinery and the 
installation of some machine tools. It is the lack of 
machine tools which has held up numerous schemes of 
extension and re-equipment planned a fairly long time 
ago. New forging departments are in process of com- 
pletion, heat-treatment equipment is being extended, 
and melting-shop buildings modernised. Busy times 
have depleted stocks of materials in many works, and 
there is some anxiety that traffic interruptions in periods 
of bad weather may delay seriously the arrival of fresh 
supplies, regular deliveries of which are necessary. 

South Yorkshire Coal Trade.—Supplies have been 
built up during a period of lessened absenteeism and 
vigorous effort in the two weeks before Christmas. Some 
record outputs have been reached and virtually all pits 
have exceeded their targets. For the whole county, 
the million tons mark was exceeded by 9,000 tons in the 
second “ bull week.” Some foggy spells disturbed the 
working of coal trains, but in spite of this there have been 
very satisfactory deliveries. Public-utility uidertakings 
have received full supplies, as also have the railways 
and industrial concerns. House coal has been active, 
except in the unscreened sorts offered “ off the ration.” 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation—Home and overseas buyers of iron 
and steel continue to call persistently for larger deliveries 
than they are receiving and their requirements over the 
first half of next year are likely to necessitate much bigger 
makes than the record outputs of North-East Coast works 
in 1948. Pig-iron production in the Teesside area over 
the past twelve months exceeds that of the previous year 
by 30 per cent. but the impressive increase has not 
bridged the gap between supply and demand. The 
estimated yield of Cleveland ironstone mines this year is 
in the neighbourhood of a million tons and output pro- 
mises to increase stcadily. In addition to this tonnage, 
large quantities of imported and Northamptonshire ores 
have been used in 1948 in works in the Middlesbrough 
district. A recent expansion in distributable tonnage of 
iron and steel scrap has,enabled consumers to make a 
small addition to their low stocks. Finished products 
continue in extremely strong request. 

Foundry and Basic Iron.—The supply of ordinary 
foundry pig iron is insufficient for users’ urgent needs. 
North-East Coast consumers are entirely dependent on 
deliveries from producing plants at a distance. There 
seems no likelihood of a resumption of the make at 
Middlesbrough blast furnaces and the intermittent pro- 
duction of a special foundry iron at Teesside works is 
readily taken up as soon as it becomes available. All 
the basic-iron output is still required for the makers’ 
own consuming departments. 

Hematite, Low-Phosphorus and Refined Iron.—All 
available parcels of East-Coast hematite are readily 
accepted by regular users and outputs of low- and 

di phosphorus grades of iron are well taken up by 
customers of long standing. There is no shortage of 
refined iron. 4 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron commodities have extensive contracts 
to carry out, while steel producers have greatly congested 
order books. Better supplies of steel semies are reaching 
consuming plants both from home producers and from 
the Continent. but still larger deliveries are needed to 
enable mills to be operated at full capacity. Small 
billets and sheet bars especially are in continued strong 
request. , Pressure for maximum parcels of the various 
descriptions of finished steel is unabated. Sheet buyers 
anxious to place orders include American and Canadian 
customers. Shipbuilders are still pressing for better 
supplies of plates, angles, etc., and all types of material 
for constructional work are in strong demand. 








BRITISH EMPLOYERS’ CONFEDERATION.—The annual 
meeting of the British Employers’ Confederation, 21, 
Tothill-street, London, S.W.1, which is the employers’ 
central body for dealing with general labour questions, 
was held on December 23. The following office-bearers 
were re-elected for 1949:—Honorary President, Lord 





Weir ; President, Sir Greville S. Maginness ; vice-presi- 
dents, Sir Frederick Bain and Mr. C. B. Clegg. 


NOTICES OF MEETINGS. 


Ir is requested that particulags for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF TRANSPORT.—Metropolitan Section : 
Monday, January 3, 6 p.m., Livingstone House, Broad- 
way, S.W.1. ‘‘ Effect of Nationalisation on Air Trans- 
port,” by Mr. J. W. S. Brancker. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, January 3, 6 p.m., James 
Watt Memorial Institute, Birmingham. “ Factors 
Influencing the Design of High-Voltage Air-Blast 
Circuit Breakers,” by Messrs. C. H. Flurscheim and E. L. 
L’Estrange. Also atthe North-Western Centre : Tuesday, 
January 4, 6.15 p.m., Engineers’ Club, Manchester. 
Southern Centre: Wednesday, January 5, 6.30 p.m., 
City Council Chambers, Clarence-parade, Portsmouth. 
“* Centralised Ripple Control on High-Voltage Networks,” 
by Messrs. T. W. Ross and R. M. A. Smith. Western 
Centre: Monday, January 10, 5 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘“‘ A Résumé 
of the Very High Frequency Point-to-Point Communi- 
cation,” by Messrs. F. Hollinghurst and C. W. Sowton. 
Measurements and Radio Sections : Tuesday, January 11, 
5.30 p.m., Victoria-embankment, W.C.2. ‘“ Double- 
Ratio A.C. Bridges with Inductively-Coupled Ratio 
Arms,” by Messrs. H. A. M. Clark and P. B. Vanderlyn. 
“A Direct-Capacitance Aircraft Altimeter,” by Messrs. 
W. L. Watton and M. E. Pemberton. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
4, 5.30 p.m., Great George-street, Westminster, S.W.1. 
“A Reclamation near Wainfleet,” by Mr. G. E. E. 
Buchner. 


RoyaL Society oF ARTSs.—Tuesd@y, January 4, 
6 p.m., John Adam-street, Adelphi, W.C.2. “ Radar 
and Its Application to the Science and Art of Marine 
Navigation,” by Lieut. P. Satow. Tuesday, January 11, 
6 p.m., “‘ Weather Forecasting at Sea,” by Captain J. W. 
Josselyn. 

INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, January 4, 7.30 p.m., Grand Hotel, 
Cardiff. Various short discussions. London Branch : 
Wednesday, Jan 5, 7 p.m., Royal Society of Arts, 
John Adam-street, Londpn, W.C.2. Film on “ Atomic 
Physics.” Birmingham Branch: Friday, January 7, 
7.30 p.m., Imperial Hotel, Birmingham. ‘‘ Twenty 
Years’ Progress with Bucket-Type Excavators,” by Mr. 
S. L. McKay. East Lancashire Branch: Tuesday, 
January 11, 7.15 p.m., Engineers’ Club, Manchester. 
“‘ Fire Appliances,” by Mr. H. Hoyle. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, January 5, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “Heating and Ventilating Plants in German 
Underground Installations,” by Mr. L. C. C. Rayner. 


RoyAL AERONAUTICAL SocireTy.—Preston Branch : 
Wednesday, January 5, 7.15 p.m., Technical College, 
Corporation-street, Preston. Film evening. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North- 
Western Centre: Wednesday, January 5, 7.30 p.m., 
Engineers’ Club, Manchester. ‘‘ Diesel Engines,” by Mr. 
V. W. Pilkington. Scottish Centre: Monday, January 
10, 7.30 p.m., North British Station Hotel, Edinburgh. 
“ Metal Failures,” by Mr. T. G. Strong. 


INSTITUTION OF MECHANICAL ENGINEERS.—Scoitish 
Branch: Thursday, January 6, 7.30 p.m., Reyal Tech- 
nical College, Glasgow ; and Friday, January 7, 7.30 p.m., 
Heriot-Watt College, Edinburgh. Thomas Hawksley 
Lecture on “ Heat Engines,” by Mr. K. Baumanr. 
Institution: Friday, January 7, 6 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Discussion on “ Rotary 
Motion,” opened by Dr. W. Abbott. London Graduates’ 
Section: Saturday, January 8, 3 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. Annual Lecture: “ Industrial 
Research and Its Relation to Design and Production,” 
by Sir F. Ewart Smith. AUTOMOBILE DIVISION. London 
Centre: Tuesday, January 11, 6 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “ Basic Problems in the Engi- 
neering of a Modern All-Metal Motor Body,” by Mr. E. 8S. 
White. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
7, 6.30 p.m., 39, Victoria-street, S.W.1. Film on 
“Wheels Behind the Wheels,” to be introduced by Mr. 
H. Bromage. 

CHEMICAL SocreTy.—Manchester Branch: Friday, 
January 7, 6.45 p.m., Engineers’ Club, Manchester. 
“ Production of Acetylene from Hydrocarbons,” by Dr. 
H. Steiner. 

SocreTy OF MODEL AND EXPERIMENTAL ENGINEERS.— 
Saturday, January 8, 2.30 p.m., Caxton Hall, Victoria- 
street, S.W.1. Chairman’s Inaugural Address. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 11, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘The History of the River 





Clyde, and the Port of Glasgow,” by Mr. W. F. Robertson. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMp.e sar 3663 and 3664. 


All editorial co 
to the Editor and 
Manager. 


mdence should be addressed 
other correspondence to the 
\ 





Accounts are ae to ‘“ ENGINEERING,” Ltd 
Cheques should be crossed “‘ The National Provincial 
Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
a abroad, with the exception 
o! 


For Canada 
Subscribers receiving incomplete copies through 


newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper oar on the inside black and white pages 
and in the buff art Paper two-colour supplement, as 
well as for insets, can obtained on applieation to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to paw 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possaysion for more 
than two years. 
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LONDON’S WATER 
SUPPLIES. 


Wrrs the publication, a month or so ago, of their 
45th annual report, covering the year ended March 
31, 1948, the Metropolitan Water Board have caught 
up with the arrears of their annual surveys on 
London’s water supplies which resulted from the 
war-time embargo on any disclosure of information 
regarding public utilities. The process has been 
somewhat erratic, the 43rd report having appeared 
in May, 1947, the 44th in September, and the 
42nd in December of that year, and the 37th to 41st, 
inclusive, ip a single volume which was issued in 
July, 1948.* The last-mentioned volume covered 
the greater part of the war, extending from April 1, 
1939, to March 31, 1944, and, of course, provides a 
great deal of the meteorological data which also 
were withheld from the public on the score of 
military security. The five reports contained in it 
are separate, each with its own statistical appendices, 
but a single index to the five facilitates comparative 
reference. The effect is to emphasise—though 
emphasis can hardly be needed by those who 
lived in London through the war years—the 
immensity of the task discharged so faithfully by 
this most fundamental of public services. 

In one respect, the year-by-year comparison is 
not practicable over this period. As no reasonably 
exact estimates of the population supplied could be 
made, because of the lack of precise figures relating 
to evacuation from the Board's area, it follows that 
the consumption per head, and all other statistics on 
a similar basis, cannot be given; but the overall 
quantities supplied continued to be recorded and 
are interesting enough. In 1938-9, the total sup- 
plied to the Board’s area, exclusive of bulk supplies 
to other water undertakings, amounted to 113,190 
million gallons, but in 1939-40 the consumption 
fell to 109,291 million gallons, although the first 


* The Reports referred to are published for the 
Metropolitan Water Board by P. S. King and Staples, 
Limited, 14, Great Smith-street, Westminster, S.W.1, 
at the following prices : 37th to 41st (1939-40 to 1943-4) in 
one volume, 20s.; 42nd (1944-5), 43rd (1945-6), 44th 
(1946-7), and 45th (1947-8), 5s. each. 








five months of the period covered were prior to the 
outbreak of war, and in spite of an abnormal rise 
in consumption during the severe frosts experienced 
from December, 1939, to February, 1940, as a result 
of fractured mains. The figure for the following 
accounting period was approximately equal (109,084 
million gallons), suggesting that the exodus from 
London had ceased, for all practical purposes, in 
the previous year; but in 1942-3 the consumption 
fell again by an appreciable amount, to 101,873 
million gallons, although, it should be noted, the 
flying-bomb attacks did not begin until some ten 
weeks after the end of the period covered by the 
1942-3 report. In fact, during the months imme- 
diately preceding the opening of the flying-bomb 
offensive against London in June, 1943, there was 
a distinct tendency for householders who had left 
the Thames-side danger zone to return to their 
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fire mains, through which water was pumped 
directly from the Thames, had been laid in many 
City streets and, to some extent, must have relieved 
the demands on the Board’s mains. 

The 4lst report (1943-4) shows an increase to 
105,405 million gallons; incidentally, accom- 
panied by a relatively large increase in the bulk 
supplies to adjacent undertakings, the amounts of 


642 which, year by year, have not been included in the 


annual totals quoted above. Possibly as a result 
of the renewed exodus from London, as the intensity 
of the flying-bomb warfare developed, and in part, 
no doubt, as a result of the damage to property 


645 | caused by it, the 1944-5 report records a fall in the 


consumption to 102,188 million gallons in the 
Board’s area; and a fall also in the bulk supplies 
to other water authorities. In the next report, 
however—the 43rd, for the year ended March 31, 
1946—this fall was more than recovered, the total 
in the Board’s area jumping to 111,085 million 
gallons; and the bulk supplies, which had been 
5-1 per cent. of the total pumped in 1944-5 and 
only 2-08 per cent. in 1939-40, rose to 6-33 per 
cent. of the grand total. These increases continued 
in 1946-7, the totals becoming 118,796 million 
gallons to the Board’s area and a further 2,409 
million gallons (6-60 per cent.) outside of it; and 
the 45th report (1947-8) records new high levels in 
both respects, the Board’s area taking 122,191 
million gallons and the adjacent undertakings an 
additional 2,559 million gallons (6-99 per cent. of 
the total pumped). Evidently, the population of 
Greater London returned in full strength and the 
war damage to services had been made good. 

The effects of the variations in the attacks upon 
London and those Thames-side districts lying within 
the Board’s area of supply are illustrated even more 
clearly by the alterations in the number of water- 
service connections. At March, 1939, these totalled 
1,474,800, to which a further 3,166 were added in 
the course of the ensuing twelve months; but the 
1940-1 report recorded a fall of 49,657, and the 
1941-2 report showed a drop almost equal in 
amount, 48,011. By 1942-3, the rate of decrease 
had slackened considerably, the net reduction being 
5,215 in that year. In 1943-4, there was a slight 
increase, of 322 services, but the flying-bomb attacks 
reduced the figure again by 30,678 in 1944-5, and 
the total at the end of that period was only 1,344,770. 
This represented the bottom of the curve, the 
following years registering an increasing upward 
trend; by 1,111 service points in 1945-6, 5,191 in 
1946-7, and 10,490 in 1947-8. Even so, the total at 
March 31, 1948, was only 1,361,347, or 113,453 
fewer than at March 31, 1939. 

This reduction is due in part to the discontinuance 
of a number of additional fire hydrants and other 
emergency supply points, though not so many as 
might be supposed—fewer than 400; but it indi- 
cates also that there is still a great amount of 
rebuilding to be undertaken in the London area 
and that the Board’s plans for extending their 
storage capacity by the construction of new reser- 
voirs, which have met with a certain amount of 
opposition in some quarters, are no more than the 
exercise of common prudence. Evidently, the con- 
sumption per service point has increased con- 
siderably, and a return to the pre-war number of 
points—much of which must be due to the provision 
of dwellings more liberally provided with water- 
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using facilities than those which they replace—is 
certain to involve a total water demand greatly in 
excess of the pre-war figure. 

Taking a somewhat longer view of the problem 
than is afforded by the reports immediately under 
consideration, it is interesting to compare those for 
1922-23 and 1947-48 and to note the changes that 
have occurred over the intervening quarter of a 
century. The total volume pumped in 1922-23 was 
88,881 million gallons, of which 88,198 millions was 
distributed in the Board’s area and only 683 million 
gallons (1-87 per cent.) was supplied in bulk to 
other districts. There were 1,148,906 service points 
(an increase of 5,937 during the year) and the 
quantity delivered to each, on an average through 
the year, was 210-74 gallons, a slight decrease 
on the figure for the previous year. The amount 
of water supplied per head of the estimated popu- 
lation of the area (which had increased by 0-67 per 
cent. since the previous year) was 35-07 gallons. 
The supply for 1947-48 was 124,750 million gallons, 
of which the 122,191 million gallons distributed 
in the Board’s area went to 1,361,347 service 
points, giving an average of 246-09 gallons; but 
the consumption per head of the estimated popu- 
lation was 51-82 gallons. This was slightly less 
than in 1946-47, when the supply per head was 
52-12 gallons. The mileage of mains and pipes, 
which had been about 5,700 when the Metropolitan 
Water Board was constituted, had increased to 
6,618 at March 31, 1923, and to more than 8,400, 
miles by the corresponding date in 1948. 

Consideration of these comparisons should take 
into account certain general tendencies which are 
not specifically referred to in the reports. Apart 
from the increasing numbers of dwellings which are 
fitted with baths and with a more or less constant 
supply of hot water—a potent influence towards a 
greater consumption—there have been industrial 
changes, the effect of which is te mask, to some 
extent, the results of changing habits of the people. 
Throughout the 25 years from 1923 to 1948, there 
has been a steady growth in the use of electric 
motors and small internal-combustion engines for 
power purposes. The use of electricity involves, 
of course, the use of water in power-station boilers, 
and cooling water is required also for internal- 
combustion engines ; but the cooling water can be 
re-used, with only a small consumption for make-up 
purposes, and. the consumption of boiler feed-water 
in a highly efficient power station is certainly much 
less, in proportion to power output, than that of a 
multiplicity of small steam plants, many of which, 
now replaced, were of low efficiency. As a single 
item which must have made an appreciable difference 
in that quarter of a century may be mentioned the 
electrification of the Southern Railway’s local lines 
and the consequent reduction in the number of 
steam locomotives employed. No doubt, the work 
of the Fuel Efficiency Committee of the Ministry of 
Fuel and Power, though primarily intended to save 
coal, effects a considerable saving of water also. 

The numbers of boilers owned by the Board has 
fallen in the 25 years from 499 to 206; though, as 
the consumption of coal in 1947-48 was only 21,000 
tons less than in 1922-23, it may be assumed that 
the water consumption for feed purposes is much 
the same. The consumption of oil has increased in 
the same period from 202,000 gallons to 1,301,000 
gallons, and of electricity from 94,541 kWh to nearly 
31 million kWh, which sufficiently indicate the trend 
of the Board’s power policy. The increased work 
done in pumping is indicated, of course, by the 
greater quantity delivered, but the comparison is 
easier to appreciate, perhaps, on a tonnage basis : 
396-8 million tons in 1922-23, but 556-9 million tons 
in 1947-48—and, presumably, against a greater 
average head, since the length of mains and pipes 
had increased by more than 1,800 miles. These 
samples of the leading statistics of engineering 
interest contained in the Board’s series of reports 
illustrate only a few of the problems of maintaining 
London’s water supply ; but they do suggest some- 
thing of the magnitude of the task confronting those 
who must plan many years ahead to ensure a con- 
tinuance of that supply, and even raise doubts 
whether the new satellite towns have been sited suffi- 


RESEARCH ON DOMESTIC 
HEATING. 


ArouiTects, physicists and engineers find a 
sphere of common interest in research on domestic 
heating, a subject which embraces so many variables 
that traditional practice has been accepted as 
adequate until quite recently. It is easy to be wise 
after the event, but, looking back on what has 
been done in this field in recent years, some surprise 
may be felt that it was not done before. The ample 
supply of cheap coal was the main reason, but even 
now, when some statistical information is becoming 
available, doubts are expressed whether housing 
authorities will be prepared to build houses with 
insulated walls and efficient heating systems. The 
calorimeter building at the Fuel Research Station, 
Greenwich, described on page 79, ante, is used for 
testing individual heating appliances; but the 
latest information on domestic heating comes from 
the Building Research Station, which is now engaged 
on trials of 19 different systems of space and water 
heating and cooking in 20 houses at Abbot’s Langley, 
Hertfordshire. A paper on the subject, by Mr. 
Richard Eve, B.Arch., and Dr. J. C. Weston, 
A.Inst.P., appeared in the November issue of the 
Journal of the Royal Institute of British Architects, 
and formed the subject of a lecture by Mr. Eve and 
a discussion at the Institute on Tuesday, December 7. 
The first phase of the tests lasted six months, com- 
mencing September 28, 1947, at which time we gave 
a brief account* of the objects and methods of the 
trials. The paper by Mr. Eve and Dr. Weston is an 
interim report on the results of this phase. The 
houses were unoccupied but furnished, and the 
appliances were operated by laboratory staff accord- 
ing to a strict routine which had been formulated to 
simulate the habits—as far as heating, cooking and 
the use of hot water are concerned—of a typical 
family of four. For the second phase of the trials, 
now in progress, the houses have been rented un- 
furnished. The measurements taken during both 
phases are similar, covering, among other aspects, air 
temperatures inside all rooms, the rate of air move- 
ment through the house, the quantities of hot water 
drawn off, the quantities and calorific values of 
fuels used, the heat lost in flues, and analyses of 
ash. The “ pattern” of radiation from all high- 
temperature radiant heaters is determined by com- 
paring the readings from globe thermometers, 
equipped with resistance elements, with those of 
resistance elements protected from radiation. The 
temperature in all living rooms is surveyed by 
150 thermocouples disposed at various positions. 
The houses are semi-detached, with a floor area of 
925 sq. ft., and are built to one or other of two plans, 
which were necessary owing to the impossibility of 
incorporating all the different types of heating 
systems in one plan. Otherwise, the plans are as 
nearly similar as possible. Both provide three bed- 
rooms and a bathroom, but one has a living room, a 
kitchen, and a dining alcove entered from the other 
two rooms, and the other has a sitting room, a 
combined kitchen and living room, and a scullery. 
All houses were built to the same high standard of 
insulation to minimise the loss of heat through the 
walls and roof. The purpose of the trials is to 
ascertain the relative economy, efficiency, and ameni- 
ties of different forms of house heating, excluding 
district heating. The 19 different systems (two 
houses have the same system to enable a comparison 
to be made of differences due to a northerly or 
southerly aspect) can be considered in three main 
groups—‘‘ partial,” ‘“‘two-stage,” and ‘ whole- 
house ” heating—though in each group there are 
variations. With partial heating, bedrooms, halls 
and bathrooms are unheated, and the kitchens get 
uncontrolled space heating from the cookers and 
any water heaters installed; the living rooms are 
heated by open fires, openable stoves or closeable 








ciently far away to avoid complicating further a 
problem that is already complicated enough. 


* See ENGINEERING, vol. 164, page.295 (1947). 


fires. There are eight houses with various forms 
of partial heating. In the two-stage group, in which 
there are also eight houses, the whole house is 
supplied with ‘‘ background ” heating, usually by 
convected warm air, and when the room is to be 
used the “‘ topping-up ” heat is provided by radiant 


fires. The whole-house group consists of four houses 
with various central-heating systems, employing 
radiators or warm-air panels. 
The first characteristic which emerged was that 
the houses did not cool down more than 5 or 
7 deg. F. overnight. In the routine proposed 
by the Egerton Committee for the calculation of 
fuel requirements, allowance was made for a 
minimum temperature of between 45 and 50 deg. F., 
representing an over-night drop of 15 deg. This 
difference between observed and assumed tempera- 
tures is due partly to the increased thermal insula- 
tion, and there is no doubt that, when houses are 
built so that damp is excluded and are insulated to 
Egerton standards, the conditions inside are much 
improved, even with pre-war methods of heating. 
The windows and doors were kept shut all the 
time, except that the doors were opened to allow 
access about once every hour during the day. 
Nevertheless, although the outer doors were 
‘“‘weather-stripped” to exclude draughts, the 
average rate of air change for the houses was 
found to be between 2-0 times and 2-5 times per 
hour. In other words, the rooms were receiving 
more than sufficient fresh air. It was calculated 
that the cost of an increase of one air change per 
hour throughout a year, on the basis of prices 
quoted for the London region on April 1, 1948, 
and the temperatures maintained during the experi- 
ment, was 21. 15s. a year for a “ partial” house, 
21. 19s. a year for a wholly-heated house, and 
4l. Os. a year for a ‘“‘ two-stage” house. As an 
open window, even at low wind speeds, increases 
the rate of ventilation to five, ten, or even more air 
changes per hour, it will be realised that the cost of 
unnecessary fresh air is considerable. 
It is rather unexpected to find that the costs of 
fuel consumed in houses with central heating in the 
‘* whole-house ” group were among the cheapest. 
Such systems are much cheaper to run than the 
combination of an open fire and an independent 
boiler, and they also compete successfully with 
closeable stoves and the scientifically improved ver- 
sions of the open fire. There are, however, two 
principal difficulties. The highly efficient boilers 
used with the central-heating systems require graded 
anthracite, which is scarce ; efficient boilers to burn 
other types of fuel are required. Secondly, a central- 
heating system is more expensive to install than, say, 
an open fire with a back boiler. In general, the fuel 
costs of two-stage systems were greater than those 
of whole-systems, and the service provided was 
inferior. The “appraised” capital cost of the 
various systems varies from 881. for an open fire 
and back boiler to 2131. for central heating and hot 
water from a magazine-fed boiler ; but the excess of 
capital cost over 881. can be amortised at 2} per cent. 
for 60 years, or at 4 per cent. for 20 years. In either 
case, it is found that central-heating schemes drop 
into the middle group, being neither the cheapest 
nor the most expensive. This means that central 
heating is becoming an economical proposition for 
the small cheap house. The two-stage systems are 
rally expensive. 
oThe ‘eesheiaahs which followed showed that 
many differences of opinion on various aspects of 
domestic heating are due to a general lack of precise 
knowledge. Several speakers contended that the 
results given in the paper were not fair to the 
two-stage system, that better types of appliances 
for this system were now available and should be 
tried, and that one of the advantages of the system 
was its flexibility. It was also suggested that an 
analysis of “human comfort” (whatever factors 
that might involve), rather than a simple measure- 
ment of temperature, was the most appropriate 
approach to the problem. In this country, people 
generally prefer a high level of radiant heat. This 
touches on the irrational factor that there is a con- 
siderable difference between what want and 
what the experts think they ought to have, or would 
want if they were educated to it. Many people, for 
example, prefer cold bedrooms to warm bedrooms, 
and open fires to closed fires or hot-water radiators. 
For many reasons, the results given in the interim 
report must be interpreted with discretion. Further 
results will be awaited with interest. There is no 
doubt that greater economy in the use of fuel and 
much improved domestic-heating can be achieved 
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Hypro-E.ecrric DEVELOPMENTS IN NortH WALEs. 


Prior to the electricity supply undertakings of 
the country being vested in the British Electricity 
Authority on April 1, 1948, the North Wales Power 
Company had received a report on further hydro- 
electric developments in North Wales from its 
consulting engineers, Messrs. Freeman, Fox and 
Partners, 68, Victoria-street, London, 8.W.1, and 
Mr. James Williamson. This report proposed the 
extension of the existing catchment area of the 
Dolgarrog power station and the installation of 
additional generating plant; the extension of the 
existing catchment area of the Maentwrog station 
and the carrying out of six major projects at 
Upper Conway, Mawddach, Rheidol, Snowdon, 
Ffestiniog and Nant Ffrancon. It was also sug- 
gested that further consideration should be given 
to a number of minor projects. The extensions to 
the Dolgarrog catchment area, which involve the 
construction of leets and tunnels, are already in 
hand and should result in the production of an 
additional 14 million kWh per annum in a year of 
average rainfall. Investigations are also being 
carried out in connection with the installation of 
further generating plant at the Dolgarrog station. 
Further surveys are in hand in connection with 
the extension of the Maentwrog catchment area 
which, it is estimated, will lead to an increase in 
output of some 22 million kWh per annum. As 
regards the six new major projects, the first would 
utilise the high ground of the Upper Conway and 
Afon Machno as water-collecting areas for use in 
two power stations at different levels. The lower 
of these stations would be near the confluence of 
the River Conway with the Afon Lledr and the 
output of the scheme would be 108 million kWh 
per annum. The Mawddach scheme would utilise 
the water of the Afon Mawddach and other tribu- 
taries of the River Eden in three power stations to 
give an output of 89 million kWh in an average 
year, while that at Rheidol would employ the 
heights of Plynlimon in mid-Wales as a gathering 
ground, the water being collected in Afon Rheidol. 
This water would be used in three power stations, 
the lowest of which would be situated west of the 
River Dovey, into which it would discharge near 
sea level. The output of these stations is estimated 
to be 128 million kWh per annum. A small station, 
taking water from Llyn Llydaw in the Snowdon 
Range and discharging to Afon Glaslyn, already 
exists at Cwm Dyli. The fourth scheme proposes 
that the present gathering ground for this station 
should be diverted to a new station and that Cwm 
Dyli should receive its pressure water from an 
area farther to the north. This new Snowdon 
scheme would involve the construction of five 
stations with an average annual output of about 
88 million kWh. The Ffestiniog scheme would utilise 
the run-off from:'some of the hill ranges in the 
Blaenau Ffestiniog area in three power stations 
with a total average annual output of about 45 mil- 
lion kWh. The last scheme would be in the area 
south-east of Bethesda and would make use of 
Llyn Idwal and Llyn Ogwen as storage reservoirs. 
The water in these reservoirs would be augmented 
by diversions and would be utilised in stations, one 
in the valley of Nant Ffrancon and a second at 
Aber, in Conway Bay, near sea level. The latter 
station would be supplied through a pressure tunnel 
from a reservoir in the Nant Ffrancon area. It is 
estimated that the combined annual output of these 
stations would be 61 million kWh. The total cost 
of the six schemes would be about 20,000,000. for 
a total estimated annual output of about 520 
million kWh. 


Crry anp GuILps oF Lonpon INSTITUTE. 


Founded in 1878 for the advancement of technical 
education, by the Corporation of London and certain 
of the Livery Companies of the City, the City and 
Guilds of London Institute was inco:porated under 
the Companies Act in 1880 and was granted a Royal 
Charter in 1900. The work of the Institute is 
broadly divided into three branches. The first is 
the City and Guilds College, Exhibition-road, 
London, S.W.7; the second is the Ofty and Guilds 


of London Art School, 122-124, Kennington Park- 
road, London, 8.E.11; and the third, the Depart- 
ment of Technology, which conducts examina- 
tions in various subjects from its headquarters, 
31, Brechin-place, London, 8.W.7. The recently- 
issued report of the Council of the Institute, for the 
year ending December 31, 1947, shows that progress 
has been made in all three departments. There were 
707 students at the City and Guilds College in the 
session 1946-47, as compared with 545 in 1945-46 
and 477 in 1944-45. For the final (Internal) B.Sc. 
(Engineering) degree examination of the University 
of London 103 students entered, of whom 91 passed, 
17 with First-class Honours and 35 with Second- 
class Honours. In the Department of Technology 
the total number of candidates examined in Great 
Britain and Ireland and in the Commonwealth 
overseas, in 1947, was 47,807, representing an 
increase of 11,508, or 31-7 per cent., over the total 
for 1946 and higher by 7,336 than the previous 
highest total of 40,471 recorded in 1939. Among 
subjects yielding increased numbers of examinees 
were carpentry and joinery, plumbers’ work, ma- 
chine-shop engineering and electrical engineering 
practice. The proportion of passes in the techno- 
logical examinations was 64-2 per cent. in 1947, 
4 per cent. higher than in 1946. The figure for 
1939 was 64-6 per cent. 


New Trunk Roap rs Soutn WALEs. 


A scheme for building a new trunk road near 
Neath, Glamorgan, has been prepared by the 
Ministry of Transport, with a view to assisting 
industry in the South Wales Development Area. 
This road which, it is estimated, will cost over 
1,000,000/., will connect with the new Jersey Marine 
Road, which leads directly to the Swansea Docks 
area and is now nearing completion. The effect 
of the opening of these two new roads will be to 
shorten the present twelve mile journey between 
Briton Ferry and Swansea by about one half and 
to improve communication for the heavy and 
growing traffic between Cardiff and Swansea. As 
at present designed, the new road will leave the 
existing trunk road at Briton Ferry, cross the 
Western Region main and branch railway lines and 
be carried over the Briton Ferry Dock on an 
eleven-span viaduct, which will be 970 ft. long. At 
Warren Hill, on the other side of the dock, it will 
enter a cutting and will then bridge the Jersey 
Canal and the River Neath by a 16-span viaduct. 
This viaduct will be 1,610 ft. long and will include a 
high-level bridge span over the river. As this 
span will be 90 ft. above high-water level the free 
passage of coastal shipping up-stream will be 
possible. The road itself will consist of two 22-ft. 
carriageways flanked by cycle tracks and footpaths 
to give a total width of 90 ft. Roundabouts will be 
built at each end of the new section. The scheme, 
which forms part of the ultimate Neath by-pass, 
was prepared by the consulting engineers, Messrs. 
Rendel, Palmer and Tritton, 125, Victoria-street, 
London, S.W.1, and the consulting architect is 
Sir Percy Thomas. The contractors are the Cleve- 
land Bridge and Engineering Company, Limited, 
Darlington, and it is expected that the work, which 
will take about 2} years to complete, will employ 
between 400 and 500 men. Before the war, the 
traffic in the neighbourhood of Neath amounted to 
6,600 vehicles, totalling about 16,000 tons, and 
2,600 pedal cycles, every day. It is now probably 
much greater, so that the need for the road is clear. 


ENGINEERING IN East ANGLIA. 

East Anglia is regarded normally as an agricultural 
area, but a tour arranged by the Ministry of Supply, 
in which several engineering firms situated in the 
region were visited, proved that the engineering 
industry is of a high order and in no way confined 
to local requirements. Machinery for agricultural 
purposes forms the major interest, but a fair amount 
of fine precision work is also undertaken. The first 
visit was made to the workshops of Messrs. Cock- 
sedge and Company, Limited, Ipswich, where a 
great deal of general engineering work was in 

. The firm carry out ship-repairs and con- 
struction of steelwork but are better known, perhaps, 
for their manufacture of sugar-beet processing 





machinery. The next visit was to Messrs. Ran- 








somes, Sims and Jefferies, Limited, of Ipswich, 
whose wide field of activities in mechanical and 
agricultural engineering preclude detailed descrip- 
tion. Their Orwell Works site covers an area of 
45 acres and their new modern foundry is expected 
to come into preduction early in 1949. At Dereham, 
a relatively small town, Messrs. Cranes (Dereham), 
Limited, manufacture a wide variety of trailers 
from 3 to 150 tons capacity, of which 67 per cent. 
are for export. The firm hold patents essentially 
applicable to heavy trailer construction; one in 
particular eliminates the use of buffer-type eyes and 
thereby considerably reduces failures of springs. 
Also at Dereham are the firm of Hobbies Limited, 
renowned for fretwork supplies and tools for the 
amateur, although a very wide range of light 
engineering is undertaken, particularly repetition 
work, fine iron-casting and small farm machinery. 
At King’s Lynn fine precision engineering is con- 
ducted by Messrs. Cooper Roller Bearings Company, 
Limited, who specialise in manufacturing split 
roller bearings for shafts from 1} in. to 30 in. dia- 
meter, although solid types are made, as well as 
friction clutches. The workshops are well equipped 
for all branches of this manufacture. Boiler- 
making is also carried on in King’s Lynn by Messrs. 
Alfred Dodman and Company, Limited, who manu- 
facture all types of boilers of the fire-tube class 
ranging from 2 cwt. to 40 tons,in weight, “‘ Hindley ” 
steam engines from 3 to 160 brake horse-power, and 
a wide variety of machinery for canning and food 
processing. 





LETTER TO THE EDITOR. 


THE METRIC SYSTEM. 
To THE Eprror OF ENGINEERING. 

Sm,—Your readers may be interested in the 
polar distance given in Rankine’s song, contributed 
by Engineer Captain Edgar C. Smith on page 568 
of your issue of December 10. It comes from 
Sir John Herschel’s Essay of 1863 against the 
Metric System, in which he pointed out that the 
Earth’s polar distance was more easily measured 
than the meridian used by the French revolution- 
aries. He gave the length as 500,497,056 in. and 
suggested that the Imperial Yard might be in- 
creased by 1/1,000th of its length. Such deriva- 
tions of units are now of only historical interest. 

As regards Dr. Hartshorn’s letters I feel much 
as Dr. Johnson felt about Poll Carmichael. When 
he talked to her tightly and closely he could make 
nothing of her; she was wiggle-waggle and he could 
never persuade her to be categorical. In his letter 
on page 520 of your issue of November 26, Dr. 
Hartshorn brushes aside logic and even “ talk of 
right and wrong . . . is all beside the point.” On 
page 617 of December 24, he disdains, “‘ Whatever 
historians may say ” and curiously enough he comes 
full circle to ‘‘ world co-operation,” so dear to the 
mind of the revolutionary. In this he was antici- 
pated by Prince Talleyrand de Périgord, the liber- 
tinous, venal, atheistical, quondam Bishop of 
Autun, who, in 1790, in the National Assembly, 
advocated the Metric System as a single universal 
system which all the nations of the world might 
adopt. We have -had a good deal of “ World 
Co-operation ” since 1790, at Vienna, the Hague, 
Geneva and more recently in the U.N.O. meetings ; 
but such moyements should not be allowed to sweep 
us off our feet. 


Yours faithfully, 
Ware. H. S. Rowe. 


December 12, 1948. 





LONG-SERVICE PUMPLESS STEEL RECTIFIER.—The first 
pumpless steel rectifier to be installed in Australia was 
built by the General Electric Company, Limited, Magnet 
House, Kingsway, Londen, W.C.2, at their Witton Works, 
and put into service at the Preston substation of the 
Melbourne and Metropolitan Tramways Board in Febru- 
ary, 1938. It has since operated for over 77,000 hours 
without trouble, and has thus justified the decision not to 
instal] a mobile pumping unit to maintain the vacuum. 
The rectifier has a direct-current output of 1,000 amperes 
with an overload capacity of 100 per cent. for 15 seconds 
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OBITUARY. 


MR. ARTHUR TITLEY. 


In last week’s issue, we announced briefly the 
death on December 19, at his home in Four Oaks, 
Sutton Coldfield, of Mr. Arthur Titley, M.I.Mech.E., 
the founder of the Newcomen Society. As the 
approach of Christmas obliged us to go to press 
with that issue in advance of the usual day, no more 
detailed notice was then possible. While he was 
widely known and highly regarded, and not only 
in his native Warwickshire, he would probably have 
protested modestly that his own career, long and 
industrious as it was, was hardly of the sort that 
makes the engineering history to which he was so 
devoted and to which, in supplying the initiative 
that brought about the formation of the Newcomen 
Society, he made such a notable contribution. 
When that contribution was made, he was already 
middle-aged, and in the industrial depression of 
the dozen or so succeeding years before his actual 
retirement from practice as a consulting engineer, 
few new undertakings were being projected of the 
type—mainly sheet and tube mills—in which he 
had specialised. He had leisure, therefore, to 
devote to historical research, the fruits of which 
were placed freely at the disposal of his fellow 
members of the new society. 

Arthur Titley was born on October 2, 1863, and 
served his apprenticeship from 1881 to 1885 in the 
works of Samuel Fisher and Company, general 
engineers, of Birmingham. His theoretical training 
was obtained at Mason’s College, subsequently 
incorporated in the University of Birmingham. 
After acquiring his basic experience in fitting, turn- 
ing and patternmaking, on the conclusion of his 
apprenticeship he entered the drawing office of 
Messrs. Moreland and Company, Woodford Iron- 
works, Soho, Birmingham, where he was engaged on 
roofing and other constructional engineering work. 
When this firm went out of business, he returned to 
Fisher and Company as a draughtsman, but in 1894 
decided toset up in practice as a consulting engineer. 
While prepared to undertake almost any work of a 
mechanical-engineering character, for which he had 
a natural bent, he gradually came to specialise in 
rolling mills and tube mills for both ferrous and non- 
ferrous products, and was extensively employed in 
the installation and modernisation of such plants, 
mainly in the Birmingham area, but also in France 
and Italy, particularly during the 1914-18 war. In 
1905, he took into partnership Mr. Charles Henry 
Wall and, although Mr. Wall died in 1917, while 
engaged in supervising the erection of a tube mill in 
France, Mr. Titley continued to practise under the 
firm’s name of Titley and Wall, in Paradise-street, 
Birmingham, until his retirement in 1932. He was 
one of the oldest members of the Institution of 
Mechanical Engineers, to which he was elected in 
June, 1890, and was also a founder member of the 
Institute of Metals. 

His suggestion for the establishment of a society 
to study the history of engineering was made at the 
James Watt centenary celebrations in Birmingham 
in 1919, and in Watt’s old house, Heathfield Hall, 
where he found himself in the congenial company of 
a number of other engineers who shared his interest 
in the pioneer work of Watt, Trevithick and others 
of their era, and his love of skilled craftsmanship in 
the working of wood and metals. (It was charac- 
teristic of him, incidentally, that, wanting a screen 
to obviate draughts in the lounge hall of his large 
Victorian house, he should have engaged an expert 
ecclesiastical wood-carver to construct it.) The 
society was eventually named after Thomas 
Newcomen, the first man to construct a piston engine 
to use steam, and Titley was its first president. His 
account of its formation was given in an address to 
the Society on November 12, 1941, to mark the 
attainment of its majority. He contributed a 
number of papers to the T'ransactions on such diverse 
subjects as windmills, steam carriages, the valve 
gear of Newcomen’s engine, and the various engines 
of Richard Trevithick, of whose life he had made a 
particular study. He shared with Dr. H. W. 
Dickinson the authorship of the centenary memorial 
volume on Richard Trevithick, the Engineer and the 
Man, in 1933-34, and also took an active part in 


editing John Smeaton’s Diary of a Journey to the 
Low Countries, 1755, which was published by the 
Newcomen Society in 1938. His other interests 
included the history and development of sailing 
ships; bookbinding, at which he was expert ; and 
inland waterways, on which he was contemplating 
@ monograph not long before his death, though 
already much hampered by deafness and failing 
sight. He was elected to the presidency of the 
Newcomen Society for a second term in 1942, but 
was unable, for reasons of health, to undertake the 
preparation of a second presidential address ; much 
to the regret of those members, still fairly numerous, 
who had supported him in founding the Society and 
knew how deeply he was gratified by its steady 
growth in size and status, a result due in no small 
part to his own practical and scholarly influence. 





SCIENTIFIC RESEARCH IN 


AUSTRALIA. 
(Concluded from page 618.) 

THE important influence of internal damping in 
modifying vibrations near the resonant frequency 
has prompted investigation of the damping capacity 
of cold stretched steel, which was revealed by 
experiments in an electromagnetic fatigue-testing 
machine. Certain of the specimens, which would not 
vibrate satisfactorily, were cold-stretched,. after 
which their damping characteristics were appreciably 
altered. Subsequent secular change of damping 
occurred, indicating an influence of strain-ageing, 
over a period of months, on damping cap.city. 
Strain-ageing of low-carbon steels is believed to 
occur by the precipitation of a second phase from a 
supersaturated solid solution, the precipitation 
being helped in some cases by plastic strain. More 
recently, investigations on high-temperature 
materials have indicated that age-hardening may 
prove beneficial in resisting creep at elevated tem- 
peratures. Fundamental knowledge on this impor- 
tant aspect of the theory of alloying is being gained 
from studies of the strain-ageing of various steels, as 
a preliminary to which attention is being given 
to the preparation of pure iron. The structure of 
mild steel subjected to uniform strain, and subse- 
quently thermally treated to give it differing 
degrees of strain-ageing, is under examination by the 
aid of an electron microscope. Other work on 
alloys is concerned with their properties, more 
especially their resistance to atmospheric attack, 
at elevated temperatures up to 1,000 deg. C. 

Titanium metal in powder form has been produced 
by the reduction of titanium tetrachloride with 
magnesium, the reaction taking place at about 
900 deg. C., but it is hoped to improve on this process 
by converting the metal into the tetra-iodide before 
decomposing it. Trials of the technique of sintering 
the pressed powder and subsequently working the 
pellets mechanically have shown that, even in a 
very high vacuum, contamination may occur. To 
facilitate work of this sort, a high-temperature 
vacuum dilatometer has been designed, specifically 
for thermal analysis of alloys in the solid state. 
Various items of new equipment for sintering alloys 
include a water-cooled sintering bell, under which a 
bar up to 6 in. long and § in. square in section 
can be heated by low-voltage current ; an evacuated 
silica tube heated by a resistance-wound tube 
furnace; and a 2-kW high-frequency induction 
heater. Although this work on various aspects of 
powder metallurgy may be regarded as a natural 
sequence of war work on the production of porous- 
bronze aircraft bearings, the present vigorous and 
varied attack is directed mainly to the improvement 
of materials for gas turbines. It entails considera- 
tion of inter-atomic cohesion and the strength of 
grain boundaries ; in which connection, the failure 
of metals at high temperatures by separation of 
crystals at their boundaries is being studied by 
specimens of lead and tin, consisting of two crystals 
having a common plane boundary parallel to the 
longitudinal axis. Oxide impurities are carefully 
excluded during the growth of the large crystals by 
slow solidification from two seed crystals having the 
desired orientation. 








Discussion at the Fatigue Symposium, mentioned 
in an earlier paragraph, showed that the fundamen- 





tals of fretting corrosion and corrosion fatigue were 
little understood. Accordingly, a steady-stress 
machine has been constructed to measure the effects 
of stress on the electrode potential of various metals 
and alloys. To begin with, films on aluminium wire 
are being examined, and similar measurements of 
specimens under fatiguing stress are projected. 
Other measurements of electrode potentials and 
currents are being made to investigate corrosion in 
the components of an aero-engine cooling system 
during controlled running on a test bed. As part 
of this work, air in the header tank was replaced by 
nitrogen in order to determine the amount of 
Oxygen necessary to cause corrosion by differential 
aeration. The corrosion of the tubes in power- 
station condensers is also being investigated, with 
attention at present to the nature of protective 
films. The electrochemical characteristics of alu- 
minium bronze and other alloys used for condenser 
tubes have been evaluated, and the principles of 
the corrosion Of tubes in salt water determined. 

The radio control of model aircraft for free-flight 
experiments, previously mentioned, is one of severnl 
projects, in hand by the Radiophysics Divisioa, 
intended to improve the landing and ground control 
of aircraft. Noteworthy among them is an adapta- 
tion of American “‘ Shoran” equipment to permit 
the measurement of long surveying base lines 
which are to serve, eventually, for the control of 
photographic survey aircraft. The Radiophysics 
Division plays an active part in applications of 
radar to civil aviation, by keeping abreast of 
world-wide developments in the subject, by actual 
experimental work in devising electronic navigational 
equipment, and by testing or improving ground 
radar systems for air-traffic control. Most of such 
effort during the past year has been put into full-scale 
trials on a test route between Melbourne and Sydney. 
The Australian aircraft equipment for distance 
measurement is now beyond the development stage, 
after operational tests in r and freight- 
carrying machines, so that attention can now be 
concentrated on the more general problem of using 
distance measurement as part of a complete navi- 
gational system. Successful results have also been 
obtained, in Britain and Canada as well as in 
Australia, with the multiple-track radar range. 
This is a pulse-type radial-track guide system for 
providing a number of accurately defined aircraft 
tracks which pilots can follow into or out of an 
airport by means of an indicator on the instrument 
panel of the machine. It has the considerable 
advantage of being unaffected by mountainous 
terrain. 

Two other radar developments are noteworthy. 
One is an approach-control radar system, now 
maintained at Mascot and in regular use by the 
Australian Department of Civil Aviation, consisting 
of a set on the airfield which detects all aircraft, 
within reasonable limits of altitude, up to horizontal 
distances of 20 miles. The radar display is trans- 
mitted by underground cable to the control tower, 
where an operator works an automatic plotter 
identical with that used for an airways control 
system, affording the control officer a display of 
the tracks of all aircraft in the vicinity of the airport. 
The airways control system, at present installed 
for trial at Sydney, consists of a high-power radar 
set at George’s Heights, which detects craft along 
all air routes within 100 miles and transmits the 
information to the control officer by means of a 
radio link and an automatic plotter. The method 
of displaying the airways and approach radar 
tracks, known as Daylight Display, is at present 
unique in Australia. The tracks appear as dark 
marks against a brilliantly lighted background, 
and they fade away at a predetermined rate so that 
the display clears itself continuously as aircraft 
leave or approach the field. 

Underlying these navigational applications of 
radio are a number of more fundamental investi- 
gations, one of which is concerned with the effects 
on radar results of variations in the velocity of 
radio waves in the lower atmosphere, due to changing 
atmospheric conditions. Measurements of tempera- 
ture and pressure changes, in the air and its water- 
vapour content, over long paths, have shown that 
satisfactory corrections for these effects are possible. 
Another research, on inland radiation inversion, has 
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been prompted by the meteorological phenomena of 
winter nights when the surfece of the earth loses 
heat by radiation and cools the lower levels of the 
atmosphere by contact. Under calm conditions on 
flat ground, the rate of atmospheric cooling at 
different levels gives valuable information about 
the transfer processes at work in the atmosphere. 
Observations have shown, surprisingly, that a 
ground slope as little as 1 ft. in a mile is enough to 
promote horizontal air movements which upset the 
determination of transfer constants. Also under 
examination are the scattering of radio waves by 
water drops and ice particles in the atmosphere, 
and the phenomena of super-refraction in the New 
South Wales ‘coastal front.” As regards the 
latter, however, the season proved to be abnormal 
during the year under review and the elaborate 
plans for radio and meteorological measurements 
had to be left in abeyance until the following summer. 
Meanwhile, a relatively simple method of deter- 
mining the height above sea level of an unknown 
station, from berometer readings taken at the site, has 
been developed and tested with encouraging results. 

Radio propagation research is also being carried 
out on the numerical aspects of ground-based trap- 
ping and the scattering of radio waves by cylinders, 
spheres and ribbons, and more recently by dises of 
diameter comperable with the radio wavelength. 
Techniques developed during the war ere in use to 
study the fine structure of the ionosphere and its 
effects on vertical and oblique incidence of waves. 
With a 120-kW pulse transmitter, on a frequency 
of 18 Me/s, sporadic echoes from the 100-200 km. 
region and ako from the 1,000-2,000 km. layer 
have been observed, but no echoes from the middle 
atmosphere have yet been received. Thermal radia- 
tion from the sun in the radio spectrum, however, 
has now been measured in Australia, confirming 
earlier overseas results that, on wavelengths above 
10 cm., an intensity greatly exceeding the expected 
value is obtained from the ‘“‘ quiet” sun, and is 
subject to marked secular variation. These results 
indicate that, on micro-wavelengths, the source of 
solar radio noise has a temperature of the same 
order as that (6,000 deg. K.) of the sun’s visible 
disc. At 200 Mc/s, however, the temperature of 
the source of steady radiation from the quiet sun 
is nearer a million degrees absolute, suggesting that 
the noise originates, not in the photosphere, but 
from the coronal regions. When the sun is dis- 
turbed by large sunspots, solar noise is increased 
many thousandfold in intensity, indicating that the 
noise is of electrical rather than thermal origin ; 
and precise radio direction finding has confirmed 
that the source of noise coincides in position with 
major sunspots. Measurements of cosmic radio 
noise, received from the direction of the constellation 
Cygnus, suggest strongly that the noise has charac- 
teristics similar to those of solar noise, but that the 
source must be of very much greater power. 

These somewhat purely physical radio researches, 
and others concerned with the investigation of solar 
flares and outbursts, exemplify a general tendency 
which has become increasingly observable in the 
Australian Research Reports since the end of the 
war, for the work to be directed to somewhat funda- 
mental problems having little immediate bearing on 
industry. The trend occurs in the agricultural and 
biological work, as well asin the fields of mechanical 
science to which the present review is principlly 
restricted, and prompts the inference that Australian 
scientists are at once cognisant of the importance 
of long-term work as a basis for future industrial 
developments that may not at present be envisaged 
in detail, and also fully competent to undertake 
scientific research of very high quality. It may be 
inferred, also, that the Australian authorities fully 
support a long-term policy as regards research ; 
although that must entail continuous expansion of 
the whole organisation of science in the Common- 
wealth, since there is no evidence that experimental 
work of immediate application or the solution of 
industrial problems is. being sacrificed. Rather the 
tendency mav be regarded as a natural outcome of 
the diminutiun of ad hoc industrial work after the 
end of hostilities. It will be generally approved by 


scientists overseas, who will find this 21st Report of | ~ 


general interest, and a source of infgrmation on a 
wide variety of subjects. 





BRITISH RAILWAYS MECHANICAL 
AND ELECTRICAL ENGINEERING 
REORGANISATION.* 


A STANDARD organisation for mechanical and elec- 
trical engineering has been decided upon by the 
Railway Executive, both departmentally at the Execu- 
tive Headquarters itself, and throughout the Regions 
of British Railways. The organisation of the mechani- 
cal and electrical engineering department at the Rail- 
way Executive follows closely the organisation of the 
Executive itself, which has a line of members with 
functional responsibility in their fields. Under Mr. 
R. A. Riddles, the Member for Mechanical and Elec- 
trical Engineering, there is similarly a line of officers, 
one for each of the activities he controls: Chief Elec- 
trical Engineer ; Chief Officer (Locomotive Construc- 
tion and Maintenance); Chief Officer (Carriage and 
Wagon Construction and Maintenance); Executive 
Officer (Design); Executive Officer (Road Motor 
Engineering) ; and Executive Officer (Administrative 
and Special Duties). It will be observed that a sever- 
ance has been carried out at this level between loco- 
motives and carriages and wagons, and this severance 
is also to take place in the regions. Having regard to 
the traditions established for many years, this may 
seem somewhat revolutionary, for these two activi- 
ties have for long been centred in one officer, the 
Chief Mechanical Engineer. It will be r membered 
that, before the 1923 amalgamations, it was the practice 
of some of the larger companies to have the locomotive 
department under a Chief Mechanical Engineer and 
the carriage and wagon department under a Chief 
Carriage and Wagon Superintendent, so that there is in 
fact a precedent for the new organisation. There is no 
doubt the companies in question found it convenient, 
because of their size, to have this division and the need 
for separation is much more pronounced to-day. In 
any event, the interests of the locomotive engineer and 
the carriage and wagon engineer are in practice some- 
what divergent. 

Under nationalisation, on account of size alone, and 
irrespective of other factors although these are 
important, it is essential to separate the activi ies: 
in each sphere of activity there are some 40,000 
employees. Furthermore, the carriage and wagon 
engineers have taken over the private owners’ wagon 
stock, repres’ nting 43,000,0001. of capital. Each Region 
will have a Mechanical and Electrical Engineer, and a 
Carriage and Wagon Engineer. It is proposed, how- 
ever, to retain many common services, such as account- 
ing, staff departments, metallurgy, drawing offices, 
etc., where (as will usually be the case) this will be con- 
venient wing to the headquarters of each being in the 
same vicinity, chiefly, of course, at or near one of the 
principal railway works. It will be observed that in 
the Regions there is to be no split between mechanical 
and electrical engineering, one officer being responsible 
for both activities. This is consistent with the trend 
on railways, where, apart from the traction angle, 
many operations are carried out by mechanical and 
electrical power, or by the use of both forms of 
energy. In fact the two classes of engineering are so 
frequently concomitant that now it is only in the 
highest administration that separation is desirable. 
Immediately under the Member for Mechanical and 
Electrical Engineering at the Railway Executive these 
activities will be supervised and co-ordinated as between 
the Regions by the Chief Electrical Engineer, the Chief 
Officer for Locomotive Construction and Maintenance, 
and the Chief Officer for Carriage and Wagon Construc- 
tion and Maintenance. 

In so far as motive power is concerned, the officers 
in charge of this activity in the Regions have been 
given relative rank with the officers of other depart- 
ments,t being directly responsible to the Chief Regional 
Officers for matters coming within their functions. 
At Executive level the Member for Mechanical and 
Electrical Engineering has a joint responsibility 
with the Member for Operating. The function of the 
Chief Electrical Engineer is obvious from his title, 
but in addition to his responsibility for electric traction 
and power generation, he will also have a joint respon- 
sibility with the Chief Officer, Locomotive Construction 
and Maintenance, for Diesel or gas-turbine loco- 
motives with electrical transmission, although the 
general form of such locomotives will be a joint 
responsibility of the Chief Electrical Engineer with the 
Executive Officer (Design). Diesel or gas-turbine 
locomotives having mechanical transmission, however, 
are the responsibility of the Chief Officer, Locomotive 
Construction and Maintenance. The Chief Electrical 
Engineer will also collaborate with the Chief Officer, 
Carriage and Wagon Construction and Maintenance, in 
the production and maintenance of multiple-unit 
electric stock. 

Nationalisation aims at standard practices which will 





* Statement issued by the Railway Executive. 
Abridgd. 
t See page 591, ante. 








lead to economy of money and effort, and it is obvious 
therefore that it can no longer be left to mechanical, 
electrical, or carriage and wagon engineers in the 
Regions to develop their particular theories and prac- 
tices, as was the case when individual companies 
existed. So that the best of each shall continue, 
aided by the new ideas of all, and so that the more 
efficient methods and practices shall be blended into 
the locomotives and ot stock to be built in future 
by British Railways, a co-ordinating officer has been 
appointed under the Member, known as Executive 
Officer (Design). 

There have been varying practices in the old com- 
panies in regard to the provision of outdoor machinery, 
but the division of responsibility now as between the 
civil, mechanical and electrical engineers is as described 
below. The Chief Officer (Locomotives) will have full 
responsibility for all outdoor machinery, specifying, in 
conjunction with the Executive Officer (Design), the 
form and arrangement of the machines, except that the 
Chief Electrical Engineér will, in conjunction with the 
Chief Officer (Locomotives), specify the electrical equip- 
ment. In the Regions, the Mechanical and Electrical 
Engineer will be responsible for maintenance. In so far 
as the lighting of premises is concerned, the Member 
for Civil Engineering will be responsible for the general 
definition of requirements, but in electrical schemes the 
installations will be carried out by the Chief Electrical 
Engineer, and maintenance by the Mechanical and 
Electrical Engineers. Furthermore, it is recognised 
that rigidity in the application of departmental respon- 
sibility for the maintenance of outdoor installations 
should not obtain, and where, owing to local conditions, 
economy and efficiency would result from the civil- 
engineering department acting as agent for the Mechani- 
cal and Electrical Engineers, or vice versa, this will 
be the practice by mutual agreement. 

Road-motor engineering was also placed under 
diverse authorities in the old companies. As already 
shown, an Executive Officer has been appointed on 
the staff of the Member (Mechanical and Electrical 
Engineering) at the Railway Executive. He will have 
his counterpart in each Region, and these Road Motor 
Engineers will be officers in their own right, responsible 
to the Chief Regional Officers directly, and to the 
Executive Officer under the Member. 

At the Railway Executive on the staff of the Member 
there is, finally, an Executive Officer (Administrative 
and Special Duties) to deal with all railway matters 
of a non-technical character, but upon which the 
Member requires data and information for the general 
purposes of the Executive. He also deals with staff 
matters, special inquiries and investigations, and the 
internal administration of the Department. 





THE AMERICAN MACHINE-TOOL 
INDUSTRY. 

THE present position of the machine-tool industry 
in the United States is dealt with by Mr. A. G. Bryant, 
president of the National Machine Tool Builders’ 
Association, in an article in the October issue of 
Mechanical Engineering. In 1941 there were about 
one million machine tools in use in that country and 
another million were constructed during the war. A 
large proportion of these tools were Government-owned 
and were disposed of at prices from 18 to 25 per cent. 
of their original cost when hostilities ended. The 
effect on the machine-tool industry was immense ; 
and, although there were no longer large stocks of 
Government-owned machines, privately held stocks 
were still being released. Unfortunately, the oppor- 
tunity of building up the defence of the country, by 
setting aside a large quantity of machine tools and 
thus making possible the activation of manufacturing 
facilities for the production of war goods, had been 
neglected, and it had taken a long time for any kind 
of reserve to be collected. The Government, however, 
now had about 90,000 machine tools in store and the 
ultimate objective was double that figure. 

In 1942, said Mr. Bryant, the value of the machine 
tools produced by the American indu was 
1,322,000,000 dols., compared with an annual average 
of about 100,000,000 dols. before the war and with the 
peak values of 200,000,000 dols. reached in 1929 and 
1939. During part of 1942, production was, in fact, 
at an annual rate of nearly 2,000,000,000 dols. Manu- 
facturing capacity had since been reduced, so that the 
value of the optimum production was not at present 
more than 600,000,000 dols. In 1947, the value of 
the output did not exceed 307,000,000 dols., or about 
half the maximum capacity. In normal times, about 
20 per cent. of the production by volume was exported 
and, unless that proportion could be maintained, the 
industry would be in a perilous position. In 1947, 
26-6 per cent. of the production was exported, but 
this figure had now fallen to less than 10 per cent. The 
American machine-tool industry consisted of only 
200 companies, over half of which did le:s than 
1,000,000 dols. worth of business a year. 
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DEVELOPMENTS IN 


BROADCASTING.* 
By Sm Nort Asusriner, B.Sc. (Eng.), M.I.C.E., 
M.L.E.E. 


TELEVISION, it) might be said, is not a new develop- 
ment ; a regular service of television, using the existing 
system, was initiated in this country as far back as 
1936, while television in a more rudimentary form was 
being transmitted by the B.B.C. for some years before 
that. Nevertheless, from the point of view of technical 
finality, it is still definitely in its early stages and, 
therefore, can be regarded as a new development. 
There is one station in London which has been working 
on a lar service basis since November, 1936, with 
a hiatus due to the war from September, 1939, to June, 
1946. The peak power of its vision transmitter is 
17 kW, while the carrier power of the sound transmitter 
is3kW. The average working range is approximately 
40 miles, although, of course, reception is possible 
in some directions well beyond this distance. The 
television frequency band in which this transmitter 
is working extends from 41 Mc/s to 66-5 Mc/s so far 
as this country is concerned, but from the international 
point of view the band could be extended to 68 Mc/s. 
This allows sufficient space for four complete vision 
and sound channels, with a possible fifth if the band 
could be extended to the upper international limit. 

Transmitters using frequencies of this order are not 
normally subject to interference from other transmitters 
at great distances, as is the case when using lower 
frequencies. Nevertheless, in certain circumstances, 
long-distance transmission by reflection from both the 
ionosphere and the troposphere can, and does, take 

lace for short periods on these comparatively high 

quencies. If, however, we ignore the possibility 
of occasional interference for brief periods from stations 
outside the United Kingdom, we have the possibility of 
using four, or perhaps five, high-power stations on 
separate wavelengths. There is also, of course, the 
possibility of using the same channel for stations at 
opposite ends of the country, but although the tech- 
nique of sharing channels is well known for sound 
broadcasting, the possibilities in connection with vision 
have not yet been fully explored. It is known, 
however, that the prospects of being able to share 
vision channels are not very promising .unless the 
distance is roughly 300 miles or more. 

The range of future stations can be increased to some 
extent above that attained by the existing London 
station at Alexandra Palace, by the use of greater 
power and a higher mast for supporting the radiator. 
For example, the new station (at Sutton Coldfield) to 
serve the Birmingham area will have double the peak 
power for its vision transmitter—that is to say, about 
35 kW—and four times the carrier power for the sound 
transmitter—that is 12 kW—as compared with the 
equivalent transmitters at the Alexandra Palace in 
London. At the same time, the height of the mast 
at Sutton Coldfield will be 750 ft. instead of 300 ft. 
at Alexandra Palace ; as a result, the average 
may be perhaps 50-60 miles, but this will be an all- 
round average, as the range in different directions will 
vary considerably, due to the character of the inter- 
vening country. 

It may be possible to use higher power still for some 
of the future stations, but while this might considerably 
improve the general quality of reception, it is unlikely 
to increase the maximum working range materially. 
Even if it became possible to use five channels it is 
unlikely that the population coverage would exceed, 
say, 70 to 75 per cent. of the total population. There is 
a possibility that at the next International Tele- 
communications Conference, which is due to take place 
in Buenos Aires in about four years’ time, some expan- 
sion of telévision bands may be made. For the present, 
the higher-frequency bands already allocated will be 
used by secondary transmitters for linking outside 
broadcasts to the main transmitters, and possibly for 
radio links connecting one station with another. 

Broadly, definition depends on the number of lines 
used in scanning the object to be televised. If other 
factors remain constant, this determines the width of 
the modulation band to be transmitted, which again 
is limited in practice by the frequency of the carrier 
wave. Working in the frequency band at present 
used, the maximum modulation bahd width on econo- 
mic and practical grounds is in the neighbourhood of 
3 megacycles. It is commonly assumed that the 
definition in a horizontal direction across the picture 
should be equal to that in a vertical direction, although 
this is by no means final. The present system trans- 
mits 25 pictures per second interlaced 2-1 (50 frames 
per second) with 405 lines per picture. The band 
width required for these conditions is 2-8 Mc., which 
is not far from the maximum economically feasible. 





* Presidential address to the Junior Institution of 
Engineers, delivered in London on Friday, December 10, 


The wider the band width to be received, the higher 
the cost of the receiver. 

In other countries, a somewhat larger number of 
lines is being used while still working in this wave 
band ; for example, in the United States 525 lines per 
picture are in use. This means in practice that the 
vertical definition is frequently greater than the hori- 
zontal, depending on the design of the receiver. It 
could be argued that, for a certain modulation band- 
width, this has some overall advantage in that the 
line structure of the picture tends to be less visible. 
There may be something in this argument, but it is 
doubtful whether it is of importance from the point 
of view of the average person making use of the service. 
The next question is whether present-day television, 
ignoring the comparatively slight variations in different 
countries, represents finality so far as picture definition 
is concerned. The answer is undoubtedly “ yes” for 
many years to come ; but at the same time the answer 
is certainly “‘no” if we are considering the distant 
future. Considerably higher definition for a black 
and white picture, as distinct from colour, is already 
technically feasible, but this would necessitate a higher 
carrier frequency, which would*bring with it coverage 
difficulties of various kinds; but, what is even more 
important, the cost of the receiver, already high, 
would be considerably higher. 

In considsi ing the comparatively distant future, we 
cannot ignore the possibilities of colour. More than 
one system of colour television has already been 
demonstrated on a laboratory basis; it is generally 
admitted, however, by those working on television, 
that is is not a practical and economic proposition at 
present. It would involve the same difficulties as 
would be encountered with considerably higher defini- 
tion in black and white, but, so far as can be seen, it 
would also involve additional difficulties and much 
higher costs in connection with the production of the 
programme and the cost of receivers to the public.....It 
is frequently argued that, with colour, the intrinsic 
definition of the picture does not need to be so high 
as with a straight black and white picture, and there- 
fore the extra modulation band-width arising from the 
use of colour need not be much higher than would be 
necessary with higher definition in black and white. 
This, of course, is mainly a psychological effect arising 
from the fact that, with colour, there is added informa- 
tion in the picture which is not present in the case of 
black and white pictures. The conclusion, therefore, 
is that present-day television as used in this country is 
not out of date. On the other hand, present systems 
do not represent the maximum ultimate possibilities 
of television, especially if the economic side of the 
problem is ignored ; but, from the public service point 
of view, developments of a major kind are unlikely to 
be made for many years ahead. 

Costs will enter prominently into any consideration 
of new systems. Already the overall economics of a 
television service are much more difficult than in the 
case of sound broadcasting. To such an extent is 
this the case that the smaller countries are faced with 
a difficult problem of how best to introduce a service 
of television on a self-supporting basis; a problem in 
which, incidentally, the actual distribution of population 
is an important factor. A further important economic 
consideration arises from the restricted rate of produc- 
tion of television receivers due to existing economic 
conditions ; for example, the number of receivers in 
use in this country is limited at present almost entirely 
by the rate of production, which, in turn, is limited 
mainly by the availability of materials. For this 
reason, the actual number in use is about 60,000, 
which is far below what would be possible with greater 
production. 

The other major development about which I wish to 
speak is ultra-high frequency or ultra-short wave broad- 
casting. Home broadcasting is carried out on long 
and medium waves. Such waves have one main dis- 
advantage; in darkness they are reflected from the 
ionosphere, which not only gives rise to distortion due 
to fading, but causes severe interference between 
stations using the same wavelength at very consider- 
able distances. This also makes long-distance recep- 
tion possible, but for a high-quality home broadcasting 
service such reception cannot be regarded as satisfac- 
tory. The existence of indirect ray transmission 
means that, generally speaking, high-power stations, 
say, on the Continent of Europe, cannot normally 
share the same channel satisfactorily unless they are 
separated by well over 1,000 miles. 

This naturally gives rise to serious over-crowding 
of the available frequency bands and to the necessity 
of allowing only 9 ke/s spacing between channels, 
which is not sufficient for really high-quality reception, 
except when the received strength from the wanted 
station is high. If the tendency to increase the 
number and power of broadcasting stations throughout 
Europe continues, it may be necessary still further to 
reduce the spacing to secure an internationally-agreed 





there was strong pressure at first to adopt a 10 kc/s 
separation between channels, but in the end, to secure 
agreement, it became necessary to adopt 9 ke/s as the 
standard ing. Even so, it was necessary to space 
a few of the channels at the high-frequency end of the 
medium-frequency band at 8 ke/s in order to fit in 
the very large number of stations which had to be 
accommodated. 

Without much doubt, the future depends to a large 
extent on the development of broadcasting on ultra- 
high frequencies. Since, however, the shortage of 
channels has existed for more than 20 years, with 
steadily increasing severity, the question naturally 
arises, why has this expedient not been adopted before ? 
The answer is that, prior to the introduction of television 
on carrier frequencies as high as 45 Mc/s, as a matter of 
necessity, to accommodate the very wide modulation 
frequency band, it was thought that these very high 
frequency waves would be limited in range to “ line of 
sight ” transmission, and would be subject to masking 
and shadow effects from hills, large buildings, and other 
obstructions. To an extent, these fears are realised, 
but not to the serious extent anticipated. Moreover, it 
has been found that, by siting stations on carefully 
chosen high ground and by placing the radiating 
system at the top of the highest mast it is practicable 
to build, these limitations in coverage can be greatly 
reduced. 

Again, the radiating system for these frequencies 
can be designed to concentrate the energy in the 
required direction in the vertical plane to such an extent 
as to give the effect of several times the apparent power. 
The result is that the maximum effective range of a 
25-kW sound-broadcasting station, working on, say, 
90 Mc/s, may prove to be roughly equal to that of a 
similar station on, say, 1,000 ke/s. The nature of the 
terrain to be covered must be taken into account ; 
for example, the general coverage of a mountainous 
district, in the ordinary way, would not be feasible, 
although the technique of using a number of low-power 
stations of this type in populated mountainous areas 
may be found quite satisfactory. There may be, and 
almost certainly will be, some strictly local difficulties 
in cities with tall buildings, but it is anticipated that 
these effects will not be important enough to prevent 
the development of broadcasting on these frequencies. 
The band at present earmarked for the purpose in 
this country is 87-5 Mc/s to 95 Meo/s. 

Many millions of words have been written on fre- 
quency modulation, both extolling the advantages and 

inting out the difficulties. When a transmitter is 
ce Age Bm it means that the carrier wave 
is modulated by the audio-frequency programme input 
by varying its frequency instead of its amplitude, 
which is normal for broadcast transmitters. The 
advantages of the former method are that it reduces 
to a considerable extent parasitic interference of most 
kinds, giving a remarkably silent background even 
when the field strength is comparatively low. It is 
this fact which makes it possible to adopt a lower field 
strength as the working limit and so obtain a range 
comparable with that obtained on lower frequencies, 
where the rate of attenuation is much less. The main 
disadvantage is that to get the full advantage from a 
frequency-modulated transmitter, the modulation 
band-width—that is, the overall frequency swing of 
the carrier—must be of the order of 150 kc/s, whereas 
the highest possible quality of sound transmission 
using amplitude modulation, requires, say, 30 ke/s 
channel-width overall. Frequency modulation, there- 
fore, cannot be used on medium or long waves because 
of the wide band necessary if it is to be effective. 

It is thought by many people that the time will 
soon be reached when the ultra-high frequency bands 
are as congested as the medium and low-frequency 
bands are now. This, however, is unlikely, unless it is 
found that interference between stations at a distance, 
due to tropospheric propagation which is liable to 
occur on these frequencies, is more severe than is 
anticipated at present; nevertheless, the fact that 
frequency modulation uses five times the band-width 
necessary for amplitude modulation might conceivably 
cause a set-off to its main advantage, namely, that good 
reception can be obtained at a much lower field 
strength. The advantages of frequency modulation 
for high-frequency broadcasting began to be realised 
in the United States at about the beginning of the late 
war and it was develo there to a limited extent 
during the war years. It has now obtained a firm hold 
in America, and expansion is extremely rapid, both 
with regard to transmitters and receivers. 

So far as broadcasting was concerned, it was not 
possible to do any practical work on this develop- 
ment during the war in this country, but, as soon 
as the end was in sight, the British Broadcasting 
Corporation started experimental work, using two or 
three low-powered stations in areas chosen to give 
typical conditions which would have to be met in 
practice. Valuable, but not complete, data were 
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wavelength plan. At the recent European Regional 
Broadcast Wavelength Conference at Copenhagen 





obtained and, before committing a very large sum for 
development on a country-wide basis, it was decided 
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VACUUM-ASSISTED HYDRAULIC BRAKES. 
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to construct a high-power station near London. This 
station will have two transmitters, each with a power 
of about 25 kW, and the maximum height of mast 
allowed by the Air Authorities, 500 ft. It has been 
constructed in such a way as to facilitate comparative 
experiments between two transmitters working under 
different modulation conditions, and with the object 
of making measurements on which it would be reason- 
able to base a scheme for general coverage. Its 
experimental nature, however, does not imply that 
there is any real doubt as to the feasibility and import- 
ance of ultra-high frequency broadcasting generally, and, 
in fact, the station at Wrotham, Kent, will be the first 
of a chain of such stations {through the country. 
Ultimately, of course, it will be necessary for listeners 
to provide themselves with new receivers, or possibly 
adaptors. It is hoped that suitable receivers will be 
produced at the right time which will cover the low, 
medium and ultra-high frequency bands. 

It is not expected that, in the foreseeable future, 
ultra-high frequency broadcasting will replace the use 
of medium and low frequencies, at any rate in this 
country. In a consistently flat country this might 
be feasible; but where mountainous or very broken 
country is to be covered, serious difficulties may be 
encountered and the ultra-high frequency development 
should be regarded more as an extremely welcome 
auxili to the existing services, rather than as a 
replacement of them. Above all, their use can be 
regarded as a solution to the steadily increasing inter- 
national difficulties with regard to the sharing out of 
channels, while the new bands would, in general, make 
possible improved reception. 

As mentioned, a Conference of European countries 
has just succeeded in producing a new wave plan to 
which a large majority of the countries present have 
agreed. It is to be applied in March, 1950, and 
normally there should be five or six years before this 
plan would come up for revision. However, taking 
into account the extreme difficulty of obtaining an 
agreement at this Conference and the fact that broad- 
casting, especially in certain countries, is now being 
rapidly developed for the first time on a basis of high- 
power stations, the prospects of obtaining future 
agreement would not be at all promising were it not 
for the fact that, in future, some of the development 
should be absorbed by the use of wave#bands not so 
far taken into use. 
























Engineering development in the B.B.C. is not re- 
stricted to these particular activities. At the moment, 
new centralised research headquarters are under 
construction, which will enable work on a large range 
of subjects to be carried out more satisfactorily than 
has been ible in the past. There is an immense 
amount of work still to be carried out in connection 
with the acoustics of studios and large halls used for 
broadcasting. The science of acoustics in relation 
to broadcasting is not yet exact and much work is 
required, both of a practical and theoretical character, 
involving the use of full-size experimental studies. 
We are now in the process of re-equipping studios with 
new audio-frequency and recording apparatus, prac- 
tically all manufactured to B.B.C. designs. Much 
of this apparatus contains new ideas and improve- 
ments which have been worked out since the end of 
hostilities. Work continues on the scientific design of 
radiating systems for low, medium and high frequencies; 
and a great deal of experimental work and design is 
being carried out in order to make it possible to operate 
low-power and, in some cases, high-power, transmitters 
on the Robot basis with minimum interruptions to the 
service. At the present time, there is greater develop- 
ment in prospect in the field of broadcasting than at 
any time since its inception in 1922. 





VACUUM-ASSISTED HYDRAULIC 
BRAKES FOR COMMERCIAL 
VEHICLES. 


In conventional-type vacuum-assisted brake gear 
it is usual to open both sides of the servo piston to 
atmosphere when the brakes are in the “ off” position 
and obtain the servo action by partly exhausting 
the space on one side of the piston. In the latest 
unit introduced by Messrs. Automotive Products, 
Limited, Tachbrook-road, Leamington Spa, the makers 
of Lockheed hydraulic brakes, this arrangement is 
reversed so that, when the brakes are in the “ off” 
position, a partial vacuum is created on both sides 
of the servo piston, brake application being obtained 
by opening one side of the piston to atmosphere. This 
system gives several advantages as, in addition to 
quick response to pedal movement, the servo unit 
itself forms a vacuum reservoir so that the usual 
auxiliary reservoir can either be reduced in size or, in 
some cases, eliminated. Furthermore, as air has only 
to be admitted in proportion to the working stroke, 
the unit is exceptionally economical. 

The new unit, which has been designated the Hydro- 





vac, is manufactured in one size only and, generally 
speaking, is suitable for any commercial vehicle fitted 
with hydraulic brakes and having a gross weight of 
between 6 and 11 tons. Its method of operation can 
be described best by referring to the drawing repro- 
duced in Fig. 1, which shows the complete unit in dia- 
grammatical form, the brakes in this instance being in 
the released position. The servo piston a works in the 
cylinder 6 and, in the position shown, the spaces on 
each side of the piston are in communication with 
each other through the passage c, the valve d and the 
balance pipe e. Both spaces, in turn, are connected 
to the induction manifold of the engine by the port f, 
the piston being maintained in the position indicated 
by the spring g. Integral with the servo piston rod 
is the further small piston 4, which works in the 
hydraulic slave cylinder j. This cylinder is con- 
nected directly to the brake-operating cylinders, so 
that movement of the servo piston towards the right 
as viewed in the illustration causes corresponding 
movement of the piston h with consequent application 
of the brakes. 

Movement of the servo piston is obtained by admit- 
ting air at atmospheric pressure to the left-hand side 
of the piston while maintaining the right-hand side 
under vacuum, thereby creating a pressure difference 
between the two sides of the piston. Air is admitted 
to the cylinder by closing the valve d and opening the 
valve J, the right-hand side of which is open to the 
atmosphere. The valves d and | are shown in greater 
detail in Fig. 2, from which it will be seen that the 
seat for valve d is fitted to a flexible diaphragm 
and is connected to the small piston m through the 
push-rod n. The piston m, however, is in di 
communication with the master cylinder through the 
duct o and the pipe lettered p in Fig. 1, so that when 
the brake pedal is depressed, the pressure created in 
the master cylinder acts on the piston. This causes 
the piston m to move towards the right and close the 
valve d, thereby isolating the left-hand side of the servo 
piston a from the source of vacuum. Further move- 
ment of the piston m to the right opens the valve /, the 
two valves d and | being fitted to a common spindle. 
This action admits air to the left-hand side of the servo 
piston, which, as a consequence, moves to the right 
an amount determined by the movement of the brake 
pedal. It will be seen from Fig. 1 that the underside 
of the slave piston is open to the duct 0, so that move- 
ment of this piston causes a reduction in the pressure 
created by the master cylinder, the result being 
that the valve / tends to close and equalise the pressures 
on both sides of the servo piston; it is impossible, 
therefore, for the servo piston to over-run the brake 
master cylinder. 

The system is arranged so that, should the source of 
vacuum fail, it will operate as a conventional hydraulic 
brake without movement of either the servo piston 
or slave-cylinder piston. This is accomplished by 
providing the slave-cylinder piston with a non-return 
valve which closes a hole drilled through the piston 
head. The slave piston is shown in detail in Fig. 3, 
from which it will be seen that the non-return valve 
comprises a steel ball g held to a seating formed in 
the piston crown by the spring r. The stirrup piece 
8 is arranged so that when the piston returns, the ends 
of the stirrup make contact with the stop lettered t 
in Fig. 1. This causes the valve a to be lifted from 
its seat by the yoke extension u, so that when the 
system is at rest, there is a free from the 
brake master cylinder to the operating cylinders 
fitted to the brake shoes. Initial movement of the 
servo piston, however, releases the stirrup and allows 
the valve g to return to its seat, braking power then 
being supplied by the servo piston acting on the 
slave piston. 

The unit is progressive in action and it is at all 
times possible to sense the reaction. It can, of course, 
be fitted to any existing vehicle equipped with hydraulic 
brakes, installation being a simple matter as the unit 
can be supported by brackets from any convenient 
position on the chassis‘ The supporting brackets are 
not subjected to reaction stresses and can, therefore, 
be of light construction. 





“* MATHEMATICS AS A TOOL”: ERRATUM.—A typo- 
graphical error, which we regret, occurred in the above 
article on page 613, ante ; in the fourth line of the second 
paragraph in the right-hand column of that page the 
expression ‘“‘ peak functions ” should read “‘ freak func- 
tions.” 





EXHIBITION OF RADIO COMPONENTS.-—An Exhibitior 
of British Components, Valves and Test Gear for the 
Radio, Television, Electronic and Telecommunications 
Industry is to be held from March 1 to 3, 1949, in the 
Great Hall, Grosvenor House, Park-lane, London, W.1. 
Further information regarding the exhibition may be 
obtained from the Radio Component Manufacturers’ 
Federation, 22, Surrey-street, Strand, London, W.C.2. 
(Telephone : TEMple Bar 6740.) 











644 


ENGINEERING. 





__ DEc. 31, 1948. 











LAUNCHES AND TRIAL TRIPS. 


M.S. “Jox PORLAKSSON.”—Single-screw trawler, 
built by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for the Icelandic Government. Main 
dimensions: 170 ft. 6 in. by 29 ft. 6 in. by 15 ft. 6 in.; 
fishroom capacity, 18,500 cub. ft. approximately ; gross 
tonnage, about 500. Diesel engine, of 1,200 b.h.p., to 
give a trial speed of 13 knots, constructed by Messrs. 
Ruston and Hornsby, Limited, Lincoln. Launch, 
December 4. 

S.S. “ Virernia.”"—Single-screw cargo vessel. built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Rederi A/B Virginia (Mr. O. M. Thore), 
Helsingborg, Sweden. Fourth vessel of an order for 
five. Main dimensions: 336 ft. by 47 ft. by 27 ft. 103 in. 
to shelter deck ; deadweight capacity, about 3,420 tons 
on a loaded draught of 19 ft. Triple-expansion engines, 
and two oil-fired multitubular boilers, developing 1,900 
i.h.p., supplied and installed by Messrs. George Clark 
(1938), Limited, Sunderland. Service speed, over 
12 knots. Trial trip, December 9. 

M.S. “* Mazury.”—Single-screw cargo vessel, built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for the Gdynia-America Shipping Lines, Limited, 
London, E.C.2. Main dimensions: 220 ft. by 36 ft. by 
21 ft. to shelter deck ; deadweight capacity, 1,260 tons 
on a mean draught of 13 ft.102in. Polar Diesel engine, 
of 980 b.h.p., supplied by the Atlas Diesel Company, 
Limited, Wembley, Middlesex. Speed, 12} knots in 
ballast condition. Trial trip, December 10. 

S.S. “ Intso PINE.’’—Single-screw cargo liner, built 
and engined by Messrs. John Readhead and Sons, 
Limited, South Shields, for Messrs. Irish Shipping, 
Limited, Dublin. Main dimensions: 434 ft. by 56 ft. 
by 35 ft. 44 in. to upper deck; deadweight capacity, 
about 7,500 tons. Triple-expansion engines, of 4,600 
i.h.p. maximum, and three oil-fired boilers, to give a 
service speed of 14 knots. Trial trip, December 13. 

M.S. “‘ FLAMENCO.”—Single-screw cargo vessel, built 
by Messrs. Furness Shipbuilding Company, Limited, 
Haverton Hill, County Durham, for Rederi A/B Svea, 
Stockholm. Last vessel of an order for six. Main 
dimensions: 284 ft. by 39 ft. by 22 ft. 11 in. to shelter 
deck; deadweight capacity, about 1,750 tons on a 
draaght of 15 ft.4in. Six-cylinder Fiat Diesel engine, of 
1,350 b.h.p., installed by Messrs. Richardsons, Westgarth 
and Company, Limited, Hartlepool, to give a speed of 
124 knots on loaded trials. Launch, December 16. 

M.S. “ THORSTRAND.”’—Single-screw cargo liner, built 
by The Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for A/S Thor Dahl, Sandefjord, Nor- 
way. Second of an order for three. Main dimensions : 
390 ft. by 53 ft. 6in. by 34 ft. Gin. ; deadweight capacity, 
about 6,200 tons on a loaded draught of 23 ft. 9 in. 
Four-cylinder opposed-piston Hawthorn-Doxford Diesel 
engine of 4,400 b.h.p., to give a speed of 144 knots, 
supplied by Messrs. R. and W. Uawthorn, Leslie and 
Company, Limited, Hebburn-on-Tvne, and installed by 
the shipbuilders. Launch, Decembsr 17. 

M.S. “ TRELYON.”—Single-screw targo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for The Hain Steamship Company, 
Limited, London, E.C.3. First of an order for five. 
Main dimensions: 443 ft. by 56 ft. 6in. by 29 ft.; dead- 
weight capacity, about 9,200 tons. Four-cylinder Dox- 
ford opposed-piston oil engine, to develop a service speed 
of 13 knots. Launch, December 17. 

S.S. “ Maraupa.”—Single-screw cargo vessel, built 
and engined by Messrs. Smith’s Dock Company, Limited, 
South Bank-on-Tees, for Rederi A/S Nor k Transatlantic, 
Oslo, Norway. Last vessel of an order for four. Main 
dimensions: 300 ft. (between perpendiculars) by 46 ft. 
7 in. by 28 ft. 3 in. to shelter deck ; deadweight capacity, 
about 3,600 tons on a draught of i9 ft. Fredriksstad-type 
steam motor, of 1,700 i.h.p., and two oil-burning cylin- 
drica] boilers, to give a speed of about 12 knots. Launch, 
December 17. 

S.S. “ SWANELLA.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Messrs. J. Marr and Son, Limited, Hull. 
Main dimensions: 178 ft. (between perpendiculars) by 
30 ft. Gin. by 16 ft. ; gross tonnage, about 690 ; fishroom 
capacity, 15,000 cub. ft. Triple-expansion engines, of 
1,000 i-h.p., and one multitubular boiler, supplied and 
installed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Launch, December 18. 

M.S. “ BRITISH PRUDENCE.”—Single-screw oil tanker, 
built by Messrs. Blythswood Shipbuilding Company, 
Limited, Scotstoun, Glasgow, for the British Tanker 
Company, Limited, Britanric House, Fi) sbury Circus, 
London, E.C.2. Main dimensions : 463 ft. (between per- 
pendiculars) by 61 ft. 6in. by 34 ft.; deadweight capacity, 
about 12,500 tons, on a summer draught of 27 ft. 6 in. 
Six-cylinder four-stroke single-acting Burmeister and 
Wain Diesel engine, developing 3,200 b.h.p., supplied 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock, and two multitubular oil-burning boilers. 
Speed, 114 knots. Launch, December 20. 





LABOUR NOTES. 


A SPECIAL three-day delegate conference of the 
National Union of Railwaymen was held in London, 
commencing on December 21, to discuss the rejection by 
four of the transport Executives of the union’s claim 
for an overall wage increase of 12s. 6d. a week. It may 
be recalled that the union’s demands were presented 
at short intervals, but without the support of the 
other railway unions, to the Railway Executive, 
London Transport Executive, the Hotels Executive, 
and the Docks and Inland Waterways Executive, and 
that these bodies firmly rejected the claims at the end 
of October. These applications were in the nature 
of a continuation of those made by the railway unions 
last year, when requests for overall pay increases of 
20s. weekly were put forward. These were referred to 
a court of inquiry, which recommended an increase of 
78. 6d. a week ; an award which was duly accepted by 
the unions and Executives concerned. 





In making their new demands to the Executives 
last September, the National Union of Railwaymen 
argued that the cost of living had increased since the 
1947 award, that other industries had received wage 
increases, that higher wages were necessary if the 
industry was to receive the recruits it needed, that 
those who received only standard wages had difficulty 
in living on them, and that employees had to meet 
additional outgoings, such as increased contributions to 
social insurance. The four Executives, however, felt 
that increases in the cost of living since the White Paper 
on personal incomes did not warrant the new applica- 
tions. They also contended that it was unreasonable 
to request pay rises merely because these had been 
granted in other industries, that wage increases were not 
an essential incentive to recruitment, that employees 
who received only standard wages were very few, and 
that although contributions to social insurance had 
increased, so had the benefits. The Executives also 
contested the suggestion that increased wages could 
be granted without an increase in fares and freight rates, 
and stated that the contrary was the case. 





Some 80 representatives attended the conference 
and passed a resolution instructing the union’s executive 
committee to inform the Minister of Labour that a 
dispute now exists between the union and the four 
Executives. The National Arbitration Order prohibits 
any form of strike action during a period of 21 days 
from the date when the dispute is officially reported 
to the Minister of Labour. The Minister has that time 
in which to decide whether the matter should be referred 
to the National Arbitration Tribunal, or to a court of 
inquiry which would hear evidence from both sides ; 
or whether the industry’s negotiating machinery, in 
this case the Railway Wages Board, should be set in 
motion. It was decided that the dispute should 
be submitted to Mr. Isaacs at the end of the present 
week, following a meeting of the union’s executive 
committee. 





The recent conference of trade-union officials on 
production is the subject of comment in the December 
issue of the 7'rade Report of the United Patternmakers’ 
Association. Mr. W. B. Beard, O.B.E., the Association’s 
general secretary, states in his monthly editorial that 
the conference had been called by the General Council of 
the Trades Union Congress to enable them to explain 
their plans for enforcing the T.U.C. resolution on 
production, which was passed at this year’s Margate 
Congress, to trade union executive officials. Mr. 
Beard says that it should be remembered that delegates 
to the Congress are not necessarily executives and it was 
felt by the General Council that the executive com- 
mittees of the various unions would be in much closer 
contact with the individual members of their particular 
unions. The plans of the Trades Union Congress 
provide for conferences, to be held within each industry 
on a regional basis, to try to improve production by 
methods capable of immediate implementation. 





Mr. Beard continues: “It is obvious that we are 
using up the reserve of man-power and woman-power 
discharged from the Services. Capital development 
in industry, although it is very important indeed and 
must be proceeded with, will take some years to show 
any marked effect upon production. The need for 
increased production is now, and improvement by more 
immediate methods must be sought. Joint consulta- 
tion and the elimination of waste, of both man-power 
and materials, are among the methods suggested. 
There is waste, for which in many instances the 
employers are responsible ; waste of materials, power, 
light, fuel, and labour.” 





‘‘Trade-union restrictions in some _ industries,”’ 
Mr. Beard writes, “‘ are an obvious source of waste, and 





the difficulties of demarcation problems between unions 
are well known and do not make for full production. 
These trade-union restrictions have been built u 
over many, many years. They are largely the result 
of unemployment in the past and of endeavours by 
the unions to combat that evil. We have now arrived 
at that stage in our industrial and political development, 
however, when, unless we can attune our ideas to a full 
employment policy in every possible way, unemploy- 
ment will again be upon us, but for a very different 
reason than in the past. The reason will be that goods 
will be too dear for our customers to buy, and, if we 
reach that stage, our own producing power will decline 
as a result. Our people, without doubt, have made 
magnificent efforts in most industries to increase produc- 
tion, but the gap between our exports and imports is 
still against us. It now stands at about 29 million 
pounds a year, which is a reduction of approximately 
six million pounds compared with a year ago.” 





“It seems perfectly clear to me,’’ Mr. Beard con- 
cludes, “‘ that, had it not been for European aid from 
the United States, our rations and the supply of other 
consumer goods would have been cut, resulting in 
even our present standard of living being reduced. 
No amount of increased wages would have eased this 
position. Any such increase would have made it 
considerably worse, for we should then have been 
in a spiral of inflation. Unless we produce more, to 
enable our exports to balance our imports before 
European aid finishes, approximately in 1952, our living 
standards will be reduced. There is no possible 
doubt about it, for, try as we may, and applying every 
kind of intensive method, half our food must be 
imported, as well as most of our raw materials, with the 
exception of coal. To pay for the raw materials and 
food, we must export finished products of every kind. 
If we do not export sufficient, we must eventually 
reduce our imports and we shall then have less to 
eat and less to wear ; it is just as simple as that.” 





The National Union of Mineworkers on several 
occasions has raised with the National Coal Board the 
question of non-union labour in the mines. From 
time to time, it was suggested that the difficulty could 
be overcome if the Board would arrange for the union’s 
membership dues to be deducted compulsorily from 
each miner’s wages before payment. After protracted 
negotiations, an agreenient has been concluded between 
the Board and the union for this compulsory deduction 
to take place. A few details remain to be worked out, 
subject to which the agreement will be implemented 
generally as from February 1. Similar arrangements 
have been in operation in some areas, such as South 
Wales, for several years. 





It is understood that the contract which new entrants 
to mining have to sign before employment will, in 
future, contain a clause agreeing to the deduction of 
union contributions. A statement was made on 
behalf of the Board that union dues would only be 
deducted from pay where the miner concerned signed 
an agreement authorising the deduction and that, 
whether he signed or not, his employment would not be 
affected so far as the Board was concerned. The 
number of miners outside the National Union of Mine- 
workers is very small indeed in most areas. In York- 
shire, for example, between 96 and 98 per cent. are 
stated to be members, and the union’s officials expect 
little opposition from non-union members. In this 
and in other ways, the coal-mining industry is a special 
case and the circumstances which induced the Board 
to agree to the union’s proposals do not necessarily 
obtain elsewhere. Nevertheless, this important agree- 
ment seems in effect to provide for a closed shop in the 
industry and the question naturally arises as to whether 
it is merely the first of a series of similar developments 
between other nationalised industries and the unions 
concerned. 





Mr. Arthur Woodburn, Secretary of State for Scot- 
land, said, at the opening of new headquarters for the 
Scottish Trades Union Congress in Glasgow, on 
December 22, that employers and trade unionists looked 
upon their respective organisations as the diplomatic 
service of industry. In that diplomatic conduct of its 
affairs, the trade-union movement had played a great 
part in establishing a reign of reason in industrial 
relationships. Credit was due to the movement that 
there had been so very few industrial disputes organised 
by trade unions since the second World War began in 
1939. It was regrettable that, even now, there were 
some who were not prepared to allow the reign of reason 
to prevail. Mr. Woodburn hoped that the example of 
the T.U.C. in the conduct of its affairs would lead all 
who worked in industry to realise that any disturbance 
to industry brought disaster to all employed in it, 
whether they were managers or employees. 
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THE SOLUBILITY OF HYDROGEN 
IN LIQUID AND SOLID ALUMINIUM.* 
By Dr. C. E. Ranstry, M.Sc., and H. NEuFELp. 


THE standard method for the determination of the 
solubility of gases in molten or solid metals is to make 
a direct measurement of the volume of gas absorbed 
by a known weight of metal contained in a bulb of 
calibrated volume. The “dead space” of the vessel 
over the range of temperature to be covered is usually 
calibrated by means of an inert gas, such as argon, 
which is not dissolved by the metal. The desired 
quantity is thus derived from the difference of two 
relatively volumes, and when the solubility is 
small, as it is in liquid aluminium at low temperatures, 
the method leaves much to be desired. Accurate 
measurement can only be obtained by reducing the 
dead space to as small a volume as possible. It is also 
essential that solution of the gas in the crucible con- 
taining the metal, and in the material of which the 
bulb is constructed, should be either negligible or at 
least known with sufficient accuracy to enable suitable 
correction to be made. 

In Peas of these difficulties, the direct-absorption 
method appears to be the only positive one available 
for measurements on liquid metals ; possible alternative 
methods have been examined without success. One 
which was tried, involving the sudden exhaustion of 
the atmosphere above the metal, followed by a 
of the metal itself, failed because of the instability o 
the melt, which manifested itself by an immediate and 
sometimes disastrous bubble formation. Quenching of 
the liquid metal after it has been saturated by contact 
with the desired atmosphere, followed by a determina- 
tion of the retained in solid solution, is a more 
feasible method, but is only admissible when it can be 
demonstrated b yo ge experiment that there is 
no loss of gas by diffusion during the quench. The 
direct-absorption method is obviously not suitable for 
measurements of the solid solubility, because the 
volume of hydrogen dissolved is undoubtedly very 
small. In this case, however, saturation, quenching, 
and subsequent extraction of the dissolved gas can be 
used with more confidence, since the loss of gas by 
diffusion can be readily assessed. In developing a 
method on these lines, however, it was considered 
essential to design the apparatus so that a number of 
determinations could be carried out on one specimen 
without the necessity of any intermediate exposure to 
the atmosphere. 

After some preliminary experiments, a suitable form 
of apparatus was evolved, which is shown in Fig. 1, on 
this page. The construction of the glass absorption 
vessel shown in the sketch made it possible to seal the 
metal charge into a bulb without overheating and at the 
same time enabled the dead space to be kept.down toa 
minimum. The metal was in the form of a freshly 
turned cylinder weighing 30>40 grammes, which was 
placed in a crucible a, 20 mm. diameter, 85 mm. long, 
made of recrystallised alumina (ARR, supplied by the 


* Communication from the Research Laboratories of 
the British Aluminium Company, Limited, Gerrards 
Cross, Buckinghamshire, presented to Institute of 
Metals. Written discussion is invited by the Institute. 
Abridged. 
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Morgan Crucible Company). This was introduced into 


the cylindrical bulb b, and the umbrella-shaped base c 
was then inserted and sealed round the skirt with a 
small flame. 

The absorption vessel was supported by the central 
small-bore tube as shown ; this passed out through the 
water-cooled metal head f, via an internal seal on a 
glassed copper thimble ered into the bottom of f. 
The outer bulb d, which fitted over the internal assembly 
with a clearance of 1 to2 mm., was sealed with Apiezon 
wax into a groove h in the top of the metal head. This 
bulb was heated by a silica-tube furnace wound to 
compensate for end losses and thus give a sufficiently 
uniform high-temperature zone. Two internal nickel 
discs e served as radiation screens where the bulb 
emerged at the bottom of the furnace ; the top of the 
furnace was closed by an insulating plug. The tem- 
perature of the sample was measured by a Chromel- 
Alumel thermocouple wired on to the bulb d at the 
mid-point g of the crucible. This couple was checked 
in early experiments against another one inserted 
through the head f and tied on to the inner bulb. The 
operation of the furnace was controlled by an energy 
regulator which enabled the temperature to be kept 
constant to within + 5 deg. C. 

The arrangement of the burettes calls for little 
comment. The one for admission of gas to the metal 
consisted of a 25-c.c. burette which could be read to 
+ 0-01 c.c., and was water-cooled to maintain it at a 
constant temperature. The volume of the connection 
from the burette to the absorption bulb was kept as 
small as possible, and in most experiments the total 
dead space was of the order of 10 c.c. The mercury 
level in this burette, and in the comparison burette 
required for the regulation of pressure, was controlled 
smoothly by adjusting the height of a mercury reservoir. 
The comparison burette was connected at the top 
toa air reservoir and a mercury manometer, so 
that the pressure in the burette could be adjusted to 
any desired value ; actually, all the final measurements 
were carried out. at a pressure of 760 mm. of mercury. 
The outer jacket d was connected to a simple U-tube 
burette with an adjustable mercury reservoir so that 
the pressure in this bulb could be adjusted to be equal 
to that in the absorption vessel. As indicated in Fig. 1, 
the whole apparatus was connected at j to a gas-analysis 
pump table consisting of a two-stage diffusion pump 
discharging into a low-pressure analytical system 
backed by a three-stage diffusion pump. This arrange- 
ment was very convenient, since not only could the 
apparatus be pumped to a pressure of 10-* mm., but 
it was also possible, when i to collect and 
measure the gas evolved from either the sample vessel 
or the outer jacket. 

The metal used in all the experiments was taken from 
a selected batch of super-purity aluminium, which had 
been analysed as follows: Si, 0-0005 per cent.; Fe, 
0+0005 per cent.; and Cu, 0-0005 per cent. Prior 
to use it was melted in a graphite crucible and main- 
tained at about 850 deg. C. in a high vacuum for 
3 to 4 hours. This was done to ensure that the metal 
was sufficiently free from any elements which might 
tend to volatilise during the solution experiments and 
thus possibly. “‘ getter ” a certain amount of hydrogen. 
Neon was chosen as the inert gas for dead-space cali- 





bration, in preference to the more commonly used argon, 
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in the first place, because it could be purified on the 
pump table very simply by ge through an acti- 
vated-charcoal tube pin & in liquid air, and, secondly, 
since its thermal conductivity is higher than that of 
argon, it is more nearly equivalent to hydrogen in its 
behaviour. The neon used was obtained in sealed 
bottles, and was described as “ ly pure.” 

At the beginning of an experimental run with a new 
sample, the metal and absorption bulb were thoroughly 
degassed by baking-out at a temperature higher than 
that to be used in any subsequent solubility deter- 
minations. The rate of gas evolution from any part 
of the apparatus could be readily checked by carrying 
out a test collection in the gas-analysis system. When 
this cut-off test indicated that degassing was sufliciently 
complete, the value of the free gas space (or dead 
space) in the absorption bulb was determined by the 

ission of neon. The calibration was made at 
several temperatures and the temperature coefficient 
determined, so that appropriate correction for small 
temperature fluctuations could be applied to the data 
subsequently obtained with hydrogen. Because of the 
low solubility and rate of diffusion of neon in both the 
boro-silicate glass and silica, corrections for these effects 
were unnecessary. 
It was soon apparent that the rate of solution of 
hydrogen in the metal was very slow and that saturation 
values could be obtained only after exposures of several 
hours’ duration. The slow rate of approach to equili- 
brium in experiments of this type is undoubtedly due 
to the high im) of the oxide film on the free 
surface of the metal. It is impossible to avoid this 
film, even under the most favourable vacuum conditions, 
since ‘n addition to the inevitable oxide present on the 
sampie as introduced into the system, the metal is 
also exposed to the oxidising gases evolved from the 
system during the initial baking-out operations. The 
results of the various measurements are summarised 
Table I, on page 646. The times given in the table are 
thoserequired for saturation to be reached. Considerably 
lo times were allowed in several of the experiments ; 
it was found, however, that in experiments 7 and 8 a 
slight. but continuous drift in the ings took place 
when very long exposures were used. Fig. 2, on this 
page, is a typical absorption curve obtained in one of 
these experiments (No. 8 (c)). This drift appeared 
to approach a constant value, and the results in Table I 
have been corrected by deducting the asymptotic 
value of this error. The cause of this drift is obscure ; 
it may possibly be due to solution of hydrogen in the 


‘oo with other similar gas-metal 

ith other similar gas- systems, 
the Spoutiae of the solubility should be a linear 
function of the reciprocal of the absolute temperature. 
The. results in Table I have been plotted as black 
circles on this basis in Fig. 3, on page 645. The hollow 
and black squares and triangles, the hollow circles and 
the crosses represent the results of previous workers in 
this field. The scatter is rather greater than it had 
been hoped to achieve, but in view of the inherent 
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difficulties of the method, it is not unreasonable. The 
the following cquatinn se 1 Sate i represented by! ~=SOLUBILITY OF HYDROGEN’ IN ALUMINIUM. 
2760 
J08 Sp = - —p + 2°796 Fig.5. ooh 2 
where §, is the solubility at 1 atmosphere pressure and 
T is the absolute temperature. Tf the solubility is Fa ‘“ " 
assumed to vary as the square root of the pressure,| 45 
this equation may be written : = iA 
loge = = ~ ee + 1-356 Sh, / 
where p is the pressure of hydrogen in millimetres of fo * 
hag ; ° * 
TABLE I.—Summary of Liquid Solubility Determina- | 91 M E 
tions.* 2 o 
: iM ‘ / 
— of 5 
. tal at 76k mm. al gaa H Vd Pg ~ 
5 e 
Temp.,| Time, 3 Z 7 
ment |deg.C.| Hr. a a 2 6 3 
™ Total | sotution| tion | rected 5 
tion, | 12 S102. SiO2. minty. = r 
2 ° 
Deg. os : 
s | no | & | 30 | o4s | oe | os / 
: . : cae o 5 40 4 20 2s 30 
. ° “56 1- 
‘ ( 4 HA -< a = 1s 439.£) Sq Root of Pressure...mm. “ 
’) | 730 — | 1-30 | 0-12 Nil 1-35 
@ 790 12 1-73 0-12 Nil 1-6, Fig.6. e 
{ 725 16 1-01 0-12 Nil 0-8, -+2-— e 
‘BiB |e ists] Bt 0 . 
820 9 2-30 | 0-10 Nil 2 oe o Ooi ~—O2 03 4 O6 
tc = 14 1-20 0-10 Nil hae : - N _— Content...ce. per 100 Grananes 
Experiment 2: Boro-silicate glass bulb (split crucible). | 3 : for equilibrium to be attained was assessed from 
Sepeneee 9 ont 6; Siien bet> wath enter Init Ef 6 date on the rate of degassing at various temperatures. 
: ydrogen in outer 38 . allo tly i 
jack 35 Melting v The time actually allowed was usually greatly in excess 
geome The sample, after saturation at 850 deg. C.| "5 = Poirdt of this calculated value. 
(7 (@)) was cooled to 730 deg. C. and held there for 40 minutes. an 4-8 ae After the exposure the specimen was chilled by 
‘ asain " ; ag withdrawing the boat quic m the furnace into a 
Fig. 3. also indicates the tendency of the earlier) SA 4 | |neie aha the Whe was egeled ty on tle Vien. With 
data to converge at higher temperatures and to show! 4 ¢20 ws hydrogen still present in the apparatus, this provided a 
an increasing departure from linearity at low tempera- !\ | sufficiently rapid quench to retain substantially all the 
tures. It is considered that these low results are due gas dissolved in the metal. The hy wes BOW 
to the fact that by bth allowed for solution — 7) 73 s pumped away and the specimen tipped out of the boat, 
ty oe or equilibrium to pes Speco 1 x10* which was pushed back into the furnace. The tube 
Fig. 4, on page 645, is a sketch of the ——— (e<s9F) T(Deg-K) and boat were baked out again at 650-670 deg. C., 


which was constructed for measuring the solubility 
of hydrogen in solid aluminium. The tube inserted 
in the furnace was made of special boro-silicate glass, 
and the remainder of the apparatus shown in Fig. 4 
in hard glass, which joins directly to it. The only 
part of the assembly which calls for special comment 
is the boat a. This consisted of a rectangular frame 
of the special glass, fitted with prongs along each side, 
which scraped against the inside of the tube; a long 
rod resting along the bottom of the tube connected 
this frame to a small sealed-off U-tube 6 containing 
@ length of iron rod in tach limb. With a powerful 
horse-shoe —— = whole boat could be moved 
along the tube and, when necessary, rotated. It was 
thus possible to pick up @ cylindrical metal specimen 
lying in the tube, to move it to and fro, or to dum 
pe @ given position and slide the boat over the top 
of it. 

The system shown in Fig. 4 was connected via a 
large-bore tap ¢ (lubricated with Apiezon grease) to 
the fore pump of the low-pressure gas-analysis table. 
Hydrogen could be admitted to the system through 
the palladium tube d, and the pressure and 
measured by means of the compression burette indi- 
cated in the sketch. The temperature of the furnace 
was controlled by an energy regulator to +5 deg. C., 
and was measured by means of a thermocouple tied 
to the outside of the tube. The actual temperature of 
specimens under the normal conditions of heating was 
checked in a separate experiment by means of a second 
couple inserted in a hole drilled in a dummy specimen. 
It was found that the temperature of the specimens 
was ———* deg. C. lower than indicated by 
the external couple, and due correction was made for 
this error. 

A standard size of specimens was used for all the 
measurements. This consisted of a cylinder, approxi- 
mately 12 mm. diameter and 60 mm. long, weighing 
about 18 grammes. In all, five imens were used, 
which were from the following materials : 
(a) super-purity aluminium from the same batch as 
that used in the liquid-solubility experiments. The 
metal was melted in vacuo in a graphite crucible by 
means of a high-frequency induction set, and main- 





* Unless otherwise stated, the solubility and gas- 
coolant data given in this paper are expressed as c.c. 
(at 20 deg. C., and 1 atmosphere pressure) per 100 
grammes of metal. The solubility results normally refer 
to the value of equilibrium with 1 atmosphere pressure 
of hydrogen. 


betas 200 Gat, So O00 Be. C. for 3 to 4 hours. By 
slowly raising the heater coil, the metal was frozen in 
the crucible from the base upwards; a completely 
sound rod, 1 in. diameter and 4 in. long, was obtained 
in this way, from which the specimen was turned. 
This specimen was coarse-grained, most of the crystals 
being several millimetres in diameter. (b) A rod of 
vacuum-melted metal, similar to (a), which was grown 
into large c by straining 2 per cent. and i 

at 625 deg. C. A standard cylindrical specimen was 
obtained which consisted of four crystals only. (c) A 
section of super-purity ingot, again of the same batch 
as (a), but not melted in a vacuum, which was rod- 
rolled to give 75 per cent. reduction in area. A standard 


P| specimen was turned from the cold-worked metal and 


annealed by heating slowly to 500 deg. C. in the 
solubility apparatus. are the een this 
specimen had a grain-size of a ximately 5 grains 
per square millimetre. (d) A sample of cast commercial- 
ag aluminium. The porosity of this metal was nil 

y density measurements, and it appeared quite sound 
under the microscope. The grain-size was about 
50 grains per square millimetre, and did not change 
appreciably during the solubility measurements. The 
analysis of the metal was: Si, 0-25 per cent.; Fe, 
0-33 per cent. ; Cu, 0-007 per cent.; Mn, 0-009 per 
cent. ; and Na, <0-0003 per cent. (e) Another sample 
of cast commercial-purity metal similar to (d), again 
with nil porosity. The grain-size was rather large 
(0-3 grain per square millimetre), and the analysis of 
the metal was : Si, ey cent. ; Fe, 0-33 per cent. ; 
Cu, 0-007 per cent. ; , 0-006 per cent.; and Na, 
<0-0003 per cent. 

Before each oa by be the tube and boat — 
thoro degassed heating to 650-670 deg. C., 
and pg Move ore of the apparatus, where possible, 
was baked out with a hand-torch. The specimen was 
then degassed at the maximum temperature permitted 
by the special conditions of the individual experiments ; 
this was normally 625 deg. C., but in some experiments 
in which attempts were made to the grain-size 
small, it was as low as 500 deg. C. en the rate of 
gas evolution had been reduced to negligible propor- 
tions, the boat and specimen were withdrawn from the 
furnace. The large tap leading to the a 
apparatus was now closed and hydrogen admit 


and furnace temperature had been adjusted to the 
required values, the i was re-inserted in the 





specimen 
furnace and saturated with hydrogen. The time neces- 





20 | eenalinees 


the system via the palladium tube. When the pressure | results 





and the temperature reduced to that at which the 
specimen was to be degassed. A careful cut-off test 
was then carried out over a period of 4 to 1 hour, to 
determine the rate of evolution of gas from the tube and 
boat, before the specimen was picked up and pushed into 
the furnace. Since the volume of gas dissolved by 
the imen was extremely small and the extraction 
of it took up to 3 hours, heating at the lower tempera- 
tures, this cut-off blank was not always negligible, 
but had to be subtracted from the total gas collected. 
Several determinations were made on each specimen. 
In the earlier experiments of the series, the apparatus 
had not been equipped with the compression manometer 
shown in Fig. 4, and hydrogen could only be admitted 
to slightly sub-atmospheric pressures because of the 
decreasing rate of diffusion through the palladium tube 
as the internal pressure approached atmospheric. The 
solubilities determined under these conditions were 
corrected to the value at one atmosphere by means of 
the pt law. The validity of this law was Brsamnvnre f 
established by some measurements on commercial- 
ares metal (sample (e)). These are summarised in 
‘able II and plotted in Fig. 5, on this page. It is 
clear that the p+ law is quite valid, and that all our 
ae relate to a true solution of hydrogen in 
the le 


TABLE II.—Validity of the pt Law. Commercial- 








Purity Sample (e). Tests at 545 deg. C. 
Hydrogen Solubility 8, 
Pressure, p, pt. c.c. per k =— 
mm. 100 grammes. pt 
37 6-1 0-003, 5-9 x 10-4 
88 9-4 0-006, 6-4 
262 16-2 0-008, 5-0 
640 25-3 0-012, 5-1 
675 25-9 0-01 5-7 














The solubility determinations on the specimens a, 
b, c, d and e are summarised in Table III, opposite, which 
gives the details of the times allowed for saturation, and 
of the order in which the determinations were carried out. 
The results given in Table ITI are plotted in Fig. 6, on 
this page, as the logarithm of the solubility versus the 
i of the absolute temperature. When the 
of the hydrogen contents is considered, the 
are satisfactory. The hollow circles 
relate to the super-purity specimen (a), the hollow 
circles with and lower vertical strokes to super- 
purity specimen (5), and the hollow triangles to super- 
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urity specimen (c). The black circle relates to com- 
a eianie specimen (d)and the black triangle to 
commercial-purity specimen (¢). The points fall quite 
closely on the straight line represented by the equation : 


2080 
10819 So a liibaad T + 0-788 


where 8, is the solubility at 1 atmosphere pressure and 
T is the absolute temperature, or : 

8 2080 

pf T 0-652 

where p is the pressure of hydrogen in millimetres of 
meroury. The extrapolated solubility at the melting 
point (660 deg. C.) is 0-036.c.c. The results for the 
commercial metal are in sufficiently good agreement 
with those for the super-purity reer to suggest that 
the true solubility does not alter appreciably with the 
variations in purity within the normal limits. 


10819 


TABLE III.—Summary of Solid-Solubility Determinations. 

















Tem Order of Solubility, 
Speciman. deg R Deter- Time, hr. | ¢.c. per 100 
*“* | mination grammes. 
a 595 3 18 2-5, x 10-8 
570 1 89 2-1, 
545 2 28 1-8, 
b 620 6 3 2-9 
595 1 21 2-46 
565 4 21 2-0, 
535 8 394 1-4, 
495 2 70 1-3, 
475 5 71 1-05 
e 595 5 17} 2-4, 
580 6 18 2-44 
545 2 17 1-65 
520 3 19 1-3, 
470 1 45 1-1, 
465 4 38 1-0, 
a 605 — 18} 2-9, 
oe oe ee Bas Ye 
i 








* Extrapolated from pt curve (Fig. 5). 


The problem of “ pin-holing” in aluminium and 
its alloys has been the subject of a large number 
of papers in the scientific and technical journals over 
the last twenty or thirty Recent work has 
— oe it fairly clea: ¢ t the ee ee 
entirely by h which is rejected by the 
during eolcdifvotion te a result of the marked change 
in solubility at the freezing point. It has been +. 
indeed, that this conclusion is an over-simplification, 
and ignores the possibly important roles which may be 

layed by other elements, such as nitrogen and carbon. 
There is no e: tal evidence, however, to indicate 
that the formation of compound gases, which is some- 
times a cause of porosity in other metals, is a factor of 
any importance in the case of aluminium. Hydrogen, 
in fact, appears to be the only gaseous element which is 
appreciably soluble in the metal in the temperature 
range normally considered. 

It is not intended to discuss this problem in any 
detail in the present paper; but in view of the data 
on the solubility of hydrogen in solid aluminium 
presented above, it is of interest to consider what 
quantitative relationship exists between the pene 
content and the porosity of metal cast under specified 
conditions. Metcalfe* has carried out some measure- 
ments on these lines. He found that the porosities 
of standard test bars cast from a 4-6 per cent. copper 
alloy, when ee against the hydrogen contents as 
determined by vacuum fusion, gave a reasonably 
straight line. This line was extrapolated to zero 
porosity to give a gas-content value of 0-09 c.c. per 
100 es, and this was taken to represent the 
probable solid solubility of hydrogen in the metal. 

We have made measurements of a similar nature 
on a large number of bars cast from commercial-purity 
aluminium. These bars were cast in pairs in a skin- 
dried sand mould, and were run horizontally with 
adequate feeding. Every effort was made to ensure 

in the casting conditions. Although several 
batches of metal were used in the tests the composition 
did not vary to any important extent from melt to melt, 
the principal impurities being iron (0-45 per cent.) and 
silicon (0-2 per cent.). The ities of the bars were 
determined with considerable care, and the results 
expressed in the form: percentage porosity 
a (theoretical density) — (actual density) - 
(theoretical density) 


The hydrogen contents were determined on samples 
10 mm. diameter and 40 mm. long, which were turned 
from the bars. The gas was extracted by a vacuum- 
extraction process from the specimens at 600 deg. C., 


a . 


* See JI. Inst. Metals, vol. 71, page 618 (1945). 





100. 





ie., in the solid state. In Fig. 7, opposite, the 


percentage porosities of the bars have been plotted 
against their true hydrogen contents ; le determina- 
tions are represented by black circles the mean of 


two or more determinations by hollow circles. There 
is a considerable scatter in the points, but a highly 
significant correlation exists between ity and the 
hydrogen content, and the best line which can be drawn 
indicates that: (a) No porosity occurs until the 
hydrogen content is greater than 0-12 c.c. per 100 
grammes. (b) The linear increase in porosity with 
increase of hydrogen content above this value is such 
that 1-0 c.c. of porosity (i.e., 1 per cent.) is produced by 
0-46 c.c. of hydrogen (measured at room are ern 
The pressure in the pores at the time of their formation 
can therefore be assessed to be between 1 and 1} 
atmospheres, the actual value depending on the final 
temperature of solidification. 

The discrepancy between the equilibrium solid 
solubility of hydrogen in the pure metal (0-036 c.c.) 
and the value of 0-12 found from the porosity relation- 
ship can be ascribed to a supersaturation effect. The 
linear character of the relationship indicates, however, 
that any such effect must be independent of the initial 
concentration of gas in the metal. A consideration 
of the solidification process shows that this is quite 
feasible. The rapid rate of diffusion of hydrogen in 
the solid metal at these temperatures makes it = 
probable that in the early stages of freezing there 
be an equilibrium partition of gas between the solid 
and liquid present in the partly solidified mass. 
The concentration of in the liquid therefore rises 
rapidly as the solidification p and when it 
Je the saturated solubility (by an amount which 
will be determined by nucleation conditions) hydrogen 
will be precipitated in the form of bubbles. Once this 
separation of gas has been initiated, the “ internal 
pressure ” of hy: in solution will remain constant, 
Le., the concentration of hydrogen in the final liquid 
will be independent, over quite wide limits, of the 

iginal hydrogen content of the metal. As the solidifi- 
pa iy cig gh tare arg eal sige hag 
tendency for the hy dissolved in this 
liquid to be retained in solution, especially if the liquid 
is of eutectic composition, and thus to produce the 
constant supersaturation effect indicated by the poro- 
sity data. 

From the experimental work reported here, the 
mean values of solubility given in Table IV are 
derived. The extrapolated value of solid solubility 
at 0 deg. C. is included only as an indication of the 
probable order of solubility at this temperature. 


TABLE IV.— Mean Values of Solubility at 1 Atm. Pressure. 








Solubility, Solubility, 
Temp. ,deg. C. ¢.c, per Temp., deg. C. ¢.c. per 
100 grammes 100 grammes. 
0 1 x 10-7 660 (liquid) 0-6, 
300 0-001 700 0-9, 
400 0-005 725 1-0, 
500 0-012, 750 1-2, 
600 0-026 800 1-6, 
660 (Solid) 0-036 850 2-1, 














The solution of hydrogen in aluminium can be 
represented by the equation : 
Al + H, = 2(H dissolved in Al) 


and the equilibrium constant K of the reaction may 
then be written : 
_ <a 

(pH,) 


where H is the concentration of hydrogen in the metal 
and pH, the pressure. It follows that: 

dtegeK _ AR 

aT RT” 

AH is the heat of solution of one gramme molecule 
of hydrogen. Thus we have: 

AH 
2 loge Sp —_—— RT +c 
where §, is the solubility and ¢ a constant. 
The heat of solution is therefore given by : 


AH = 2-303(2RA) = 9-14A 
where A is the slope of the plot of log,».S against > 


The values of AH which we find for liquid and. solid 
aluminium are given in Table V. Similar data can 
be calculated for three other metals, and these are 
also given in the table. hte ged yes oa, 
in passing from the liquid to the solid state 

ere, small for four elements. The 

ubility of hydrogen in, liquid aluminium is much 
higher than has previously been assumed. We have 
found that the volume of hydrogen dissolved in com- 
mercial melts of aluminium and its common alloys is 








in 
col 
sol 





It is instructive to consider this range of values in 
terms of the ya ragg “ internal ” indicated 
by the solubility data. For example, a melt of 

uminium maintained at 725 deg. C. and containing 
0-3 to 0-4 c.c. per 100 grammes of hydrogen, will have 
an “internal pressure” of about 0-1 atmosphere ; 
if the gas content is reduced to 0-1 c.c., the correspond- 
ing value will fall to 0-01 atmosphere. This means 
that if the metal is degassed by passing a stream of 
bubbles of neutral gas through it, the theoretical 
maximum rate of removal of h will be initiall 
10 per cent. of the volume of gas passed, but this will 
fall to 1 per cent. as the hydrogen content approaches 
0-1 c.c. Because of the limited time of contact: of 
the bubbles with the melt, and the operation of other 
factors to restrict the diffusion of hydrogen 
into them, it is very unlikely that the percentage of 
hydrogen carried out of the metal even approaches the 
theoretical value. The practical difficulty of reducing 
ee a 
thus ily understood. 


TABLE V.—Heats of Solution of Hydrogen in Liquid and 
Solid Metals. 











AH in Cal. per Gramme-Mol. 
Metal. 

Liquid. Solid. 

Aluminium 25,000 “19,000 
BE Toys! Ogaerhed 23,800 27;900 
Iron PIN er aban: 15,180 13,300 (ap 
13,100 (y 

Nickel 8,600 5,900 











The solubility of hydrogen in the solid metal is so 
small that it would be possible for the bulk of the gas 
to be accommodated as a monatomic film at the grai 
boundaries. It was for this reason that the experi- 
ments were devised to establish whether the solubility 
is a prow pee ctyrd 3 a2 meyeak The results indicate that 
it is not, and this is to be expected by analogy with 
other metals. The results given in the last section of 
the paper are of some immediate practical interest. 
The data that we have available, however, are not 
sufficient to permit of a more quantitative treatment 
of the general problem of pin-holi The mode of 

ing of commercial-purity aluminium is rather too 
complex to permit of a iled analysis of the process 
of separation of hydrogen in our sand-cast bars. A 
rough assessment of the maximum retention of gas 
by the solid can be made if it is assumed that the main 
eutectic arrest is at 655 deg. C. (Al-Fe. at 1-8 per 
cent. Fe), At this tem be approxi- 


there 
mately 25 per cent. of liquid, and the volume of h 
gen which com 20M be netodand ta onletion in quid anv 
a gg (in equilibrium with 1 atmosphere pressure) 


(0-66 x ,45;) c.c. per 100 grammes in the liquid, 
(0-035 x 3%4;) c.¢. per 100 grammes in the solid, 


or a total of 0-19 c.c. per 100 It is assumed 
that any hydrogen in excess of this value will have 
viously separated as bubbles during the cooling 
660 deg. to 655 deg. C. If solidification were now to 
be completed at 655 deg. C. it would be possible for 
most of this hydrogen to be chilled into su; 
solid solution. In fact, of course, an appreciable 
amount of liquid ists down to the te eutectic 
tem: ure (577 deg. C.), so that this value of 0-19 c.c. 
per 100 grammes is certainly an over-estimate, and the 
experimental value of 0-12 o.c. per 100 grammes 
ap very plausible. 

the main separation of bubbles occurs at about 
655 deg. C., and a suitable correction is made for the 
contraction of the metal during solidification and cooling 
to room temperature, the pressure in the pores at the 
moment of their formation is calculated to be about 
1-3 a It would be very useful if similar 
measurements of porosities and hydrogen contents 
could be made on a of caus dings aatguaeh 
from high-purity materi If such data were avail- 
able, it should be possible to develop a fairly clear 
picture of the mechanism of porosity formation in 
aluminium castings. 





OmL-ENGINE LUBRICATION.—Messrs. C. C. Wakefield 
and Company, Limited, 46, Grosvenor-street, London, 
W.1, have issued a book entitled Oil Engine Lubrication. 
The subject matter relates to the larger sizes of oil engines 
having outputs of 100 brake horse-power and upwards, 
reference being made to both stationary and marine 
types. The book explains in simple language the re- 
quirements for efficient lubrication from the operator’s 
viewpoint. It is well illustrated, and covers such items 
as lubricating costs, oil storage, sampling, and testing, 
cleansing and reclaiming, and future developments, 
while a useful appendix includes formule for converting 





usually of the order of 0-1 to 0-6 c.0. per 100 grammes, 


various viscosity measurements. 
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603,340. Eliminating Electrostatic Charges. The 
British Cotton Industry Research Association of Didsbury, 
Manchester, P. S. H. Henry, I. G. McDonald, and J. B. 
Todd, all of Didsbury, Manchester. (5 Figs.) July 19, 
1946.—This invention is a device for eliminating electro- 
static charges, generated in industrial processes, for 
example, in the warping of cotton, rayon and other 
yarns. The invention makes use of the known principle 
of elimination by means of a point discharge to ionise 
the air in the region of the static charge to be eliminated. 
In one form of the device the apparatus consists of an 
earthed tube a of conducting material, closed by disc b 
of insulating material at one end and having Ings a! 
by which it may be mounted. Detachably fitting 
into the tube is a second end disc 6! of insulating material 
carrying at its centre a metal rod c having a number of 


discharge points c!, the end of the rod fitting into a hole 
3 in the end disc b. A sunk and shrouded terminal 
connection e receives a connecting part attached to the 
electric charging lead. The electric connection is shown 
diagrammatically and includes a single-pole change-over 
switch f for connection to the positive or negative leads 
so that the rod c may be charged either positively or 
negatively. The electrical supply is*taken from the 
alternati rent mains (at 230 volts and 50 cycles, for 
example) and passes toa transformer-rectifier unit, of the 
kind known as @ voltage doubler, capable of producing a 
high-tension direct current of 24,000 volts, centre-tapped 
to earth, thus providing 12,000 volts for positive or nega- 
tive charge. The direct-current output is taken through 
a@ distribution box and suitably branched therefrom to 
resistances, one for each branch lead and thereafter 
to the terminals of the change-over switch f. (Sealed.) 


603,480. Starting Device for Synchronous Motors. 
S. Smith and Sons (England), Limited, of London, and 
J. W. Ellis, of London. (2 Figs.) January 15, 1946.— 
This invention applies to synchronous electric motors as 
used in electric clocks. Its object is to ensure uni- 
directional rotation when starting. On one of the 
pinions 10 of the clock transmission which is driven by 
the electric motor, or by the manipulating member 
through another pinion 11, there is mounted a disc 12 





which is spaced away from the pinion 10 by three 
evenly spaced pins 13 arranged on a circumference. 
Pivoted at 16 on a side plate 14, which carries the move- 
ment of the clock, is a lever arm 15. The lever arm is 
made up of two spring blades which are spot-welded 
together on one side of the pivot axis and are initi- 
ally spread apart at the other ends 17. The spread- 
apart ends 17 of the blades aré cranked and at the junc- 
tion between the crank portions of the main parts of the 
blades, there are indentations forming outwardly-facing 
friction pads 18. The crank portions of the blades are 
situated between the faces of the pinion 10 and the disc 
12, so that the friction pads touch these faces. The ends 














(603,430) 

of the blades which are spot-welded together, and 
are on the opposite side of the pivot-pin, lie between 
two stop-pins 19 and 20, so that the lever arm has only 
a limited pivotal movement. The arrangement is such 
that when the pinion 10 and disc 12 rotate in one direc- 
tion, the friction pads 18 move the lever arm so that the 
extremities 21 of the spread-out portions lie beyond the 
path of movement of the pins 13 between the disc and 
Pinion as shown by the full lines. Should the pinion 
and disc be rotated in the opposite direction, the lever 
arm will be drawn by the friction pads so that the 
extremities of the crank portions lie in the path of move- 
ment of the pins as shown in dotted lines, and a pin will 
rebound from the ends 21, thereby causing the motor to 
reverse. (Sealed.) 


INTERNAL-COMBUSTION ENGINES. 


603,485. Liquid-Fuel Combustion Chamber. Arm- 
strong Siddeley Motors, Limited, of Coventry, Warwick- 
shire, and S. Allen, of Coventry, Warwickshire. (6 Figs.) 
February 23, 1946.—This invention relates to a liquid- 
fuel combustion chamber for an internal-combustion 
turbine unit. The objects of the invention are to provide 
a combustion chamber which is of short axial length, and 








(603,485) 


to obtain rapid mixing of the products of combustion 
with diluent air (for cooling the products of combustion) 
with low loss of total pressures. Compressed air travels 
along a main casing 12 from the inlet end 13 to the 
delivery end 14. Spaced from the casing 12 by blocks 15, 
is an inner casing 16 forming the combustion chamber 
proper. At its end adjacent the incoming air is a baffle 
17 having in it an inner circle of openings which receive 
the adjacent ends of J-shaped pipes 18. It also has in 





it'an outer circle of openings which receive with clearance 
the adjacent ends of relatively short pipes 19, 19 of larger 
cross-section. Secured to the outlet ends of the pipes 19 
are other pipes 20 having annular clearance 21 from the 
interiors of the pipes 19. The outlet ends 22 of the 
J-shaped pipes which are directed towards the inlet end 
13 of the main casing are screened from the incoming air 
by the baffle 17, being located between the adjacent pairs 
of pipes 20. Fuel for combustion purposes is led to the 
inlet end of each J-shaped pipe by means of fuel pipes 23 
supplied with fuel in any convenient manner. High fuel 
pressures are not necessary with this combustion chamber 
to atomise the fuel, as is the case with an atomiser form 
of burner, and the use of relatively low fuel pressures 
imposes less severe conditions on the fuel pump and on 
the fuel system generally. The open inlet ends of the 
J-shaped pipes 18 receive the primary air (which is mixed 
with fuel injected by the pipes 23, inte the inlet ends of 
the pipes 18) and the burning mixture of primary air 
and fuel issuing from the outlet ends 22 travels forward 
towards the baffle and heats the external surfaces of the 
pipes 18, thus thoroughly vaporising the fuel immediately 
the combustion chamber is put into operation. The 
secondary air for completing combustion issues into this 
flaming mixture through the annular openings 21 between 
each of the pipes 19 and its associated pipe 20, while 
additional secondary air enters through the annular clear- 
ances 24 round the inlet ends of the pipes 19 and cools the 
Pipes 19. (Sealed.) 


MISCELLANEOUS. 


604,271. Vibrator for Hopper. Lockers (Engineers), 
Limited, of Warrington, Lancashire, and J. R. Locker, 
of Warrington, Lancashire. (4 Figs.) October 14, 1943. 
—This invention relates to electromagnetic vibrators 
for hoppers and bins, for the purpose of causing a flow 
of powdered material therein by preventing the particles 
from packing together and becoming immobile. In the 
drawing, the open-ended frame consists of three sides, 
1, 2 and 3 of a box, well rounded at the corners. The 
middle one 2 of these three sides is welded to channel 
strips 5, which are attached to a bin or hopper. Secured 
to the inner face of this same side 2 is the base of the 
stator 7 of the vibrator, within which, near their ends, 
are clamped the inner ends of two laminated eores 8, 9, 
for two magnet coils 10, 11. “The coils of the magnet are 
wound in the usual way for an alternating t 
magnet, the ends of the wires being taken out through 

















(604,271) 


one side of the box at 14, after being clamped at 15 to 
the base 7. Welded to the inner faces of the parts 
1 and 3 of the open-ended frame are metal blocks 17, 
to which is secured a laminated assembly of five flat 
steel springs 18, separated slightly by shims or washers 19, 
to the centre of which springs, on the inner side, is 
secured a socket 20 for a laminated armature 21, bridging 
the ends of the two laminated cores 8, 9 of the magnets. 
The armature 21 is held in the socket by the bolts 22. 
To the socket 20 is secured by bolts 23 a counterweight 24 
at the other side of the springs. The effect of the vibrator 
depends on the resonance of the frame, and to attain the 
best results, the channel strips 5 should be attached to the 
hopper or bin at points spaced widely apart. (Accepted 





July 1, 1948.) 


END OF THE ONE HUNDRED AND SIXTY-SIXTH VOLUME. 
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